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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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sed. The main changes compared-to-the previous edition are as follows:

a general update to reflect the needs of modern quality assurance;
the section on repeatability and inter system variation has been expanded;

many instruments-of’this type are under strict controls within the pharmaceutical 3
industries, thereferé a new annex has been prepared with details of the factors which
considered when-developing a validated method in this arena;
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Determination of particle size distribution — Electrical
sensing zone method —

Part 1:
Aperture/orifice tube method

1 (Scope

Thif document specifies the measurement of the size distribution of particles dispefsed in an
eledtrolyte solution using the electrical sensing zone method. This can includé.biologics such as cells,
but|also industrial particles such as carbon, cement, ceramic powders, metal’powders, pigments and
polymer powders. The method measures pulse heights and their relationship to particle yolumes or
dianeters, and is applicable over the range (implementation dependant) from approximately 0,5 pm to
abot:e 1 mm. This document does not address the specific requirements’of the measurement of specific
materials.

2 |Normative references

Thdre are no normative references in this document.

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

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

— |IEC Electropedia: availablejat http://www.electropedia.org/

3.1
dead time
timp during which the electronics are not able to detect particles due to the signal procgssing of a
preyious pulse

3.2
apeqrture
small diameter hole through which suspension is drawn

3.3
sensing zone
volume of electrolyte solution within, and around, the aperture in which a particle is detected

3.4
analysis volume
volume of suspension that is analysed

3.5
size bin
size interval to distinguish particle size for size distribution measurement

© IS0 2021 - All rights reserved 1
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3.6

envelope size
external size of a particle as seen in a microscope

3.7

envelope volume
volume of the envelope given by the three-dimensional boundary of the particle to the surrounding
medium

3.8

effective density
density of @ porous particle where open pores are filled with liquid and closed pores are not (so in¢luded

in the dendity)

4 Symblols

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

Ap
AX
D

dp,

d

micr

amplitude of the most frequent pulse

amplitude of the electrical pulse generated by an arbitrary particle

ape
cer
me
me
deg

pat

refi
pay
res
cal

arb

rture diameter

tified mean diameter of the microspheres used for primrary calibration
hn diameter of the sieved fraction as determined@sing microscopy

hn diameter of the sieved fraction as determjined using the ESZ instrument
rees of freedom

ticle diameter at the lower boundary of a size interval or channel

dal diameter of a certified particle size reference material

brence diameter of the microspheres

ticle diameter at the'upper boundary of a size interval or channel
ponse factor

bration cofistant of diameter

itrary.calibration constant of diameter of any value to start the mass calibration procedire

ma

550f sample

ma

ss balance, percentage of particles accounted for in a measurement in comparison to input

particle mass

ma

ss of particles measured by the instrument

number used to signify the maximum of an integral be it channel number [in Formula (D.1)] or
number of repeat measurements [in Formulae (G.1) and (G.2)]

counted particle number

mean of a Poisson distribution, used to describe the temporal spread of counts within a size bin

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=223045ef517646412ee92db89d36c2cb

1SO 13319-1:2021(E)

N5 count for 5 % coincidence

N; total number of counts across all size intervals

AN; number of counts in a size interval i

N mean of particles in counts N; (i=1,2,3...n)

p significance level of statistical test

Vo analysis volume

Vr volume of electrolyte solution in which a mass, m is dispersed

Vi arithmetic mean volume for a particular size interval i

X diameter of a sphere with volume equivalent to that of the particle

x,J, ~maximum particle size that can be obtained on a specific aperture
X}, minimum particle size that can be obtained on a specific aperture

p immersed density/effective density (solid density including eventual closed pores, but excluding
open pores within the particles)

x> chi-squared statistical distribution

5 [Principle

A dilute suspension of particles dispersed in anyelectrolyte solution is stirred to provide a homogeneous
mixture and is drawn through an apertur®in an insulating wall. An electric current applied across
twd electrodes, placed on each side of the-aperture, enables the particles to be sensed by thg electrical
impgedance changes as they pass threugh the aperture. The impedance pulses generated py particle
paspage are amplified and digitally~eaptured, and the pulse height and shape are analysdd, yielding
particle count data. The pulsetheight is regarded directly proportional to particle volhime. After
employing a calibration factar; @ distribution of the number of particles against the volume{equivalent
dianeter is obtained. The size range of particles to be measured depends upon the size of the aperture.

Conventionally, particles having a size greater than around 0,5 pm are measured by the tdchnique. A
schematic of the instrymentation is given in Figure 1.

© IS0 2021 - All rights reserved 3
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1  volumeftric metering device 7  output
2 valve 8 . ~stirred suspension of particles in electrolyte solution
3 pulse amplifier 9-\ " aperture
4  oscillogcope pulse display 10 counter start/stop triggered by the volumetric dgvice
5  counting circuit 11 electrodes
6  pulse-height analyser
Figure 1 4 Diagram illustrating the principle of the electrical sensing zone orifice/tube method
6 General operation

6.1 Response

The response (ite~the electrical pulse height generated when a particle passes through the apert
has been flounhd both experimentally and theoretically to be proportional to the particle volum

the particl [1]-[3] i

however, the constant of proportionality (i.e. the instrument’s calibration constant) may be different [4],

In general, particles should have a low conductivity with respect to the electrolyte solution,

but

particles with high conductivity can be measured e.g. metals [5], carbon [€], silicon and many types of

cells and organisms, such as blood cells [ZL[8], For porous particles, the response may vary with
porosity [21.110], Recommendations for the measurement of conducting particles and porous parti
are given in Annex E.
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As the response is proportional to the volume of particles, the pulse amplitude provides a relative scale
of particle volumes. By calibration, this scale may be converted to spherical diameter. The calibration

constant based on diameter may be calculated by Formula (1):
dP
K,=—— 1
d % (1)
The size, x, of any particle can be calculated by Formula (2):
x=K,-3A, (2)

Ty

%cal apertures have a length to diameter ratio of 0,75. This causes some variation in|th

fieldl within the aperture, which leads in turn to some deviations in the particle sizés mea

can

6.2

The
onlj
con|
sim|
use

Thd
fou

be countered by increasing the aperture length.

Size limits

lower size limit of the electrical sensing zone method is generally) considered to be
F by thermal and electronic noise. It is normally stated to be abgut 0,6 um but, under
litions, 0,4 pm is possible. There is no theoretical upper size limit, and for particles havin
filar to that of the electrolyte solution, the largest aperturecavailable (normally 2 000 y
. The practical upper size limit is about 1 200 pm, limitedby particle density.

size range for a single aperture is related to the apérture diameter, D. The respons
\d to depend linearly in volume on D, within about"5"% under optimum conditions, oy

from 0,015 D to 0,8 D (i.e. 1,5 um to 80 um for a 100~ aperture) although the aperture m

pro
pra
non
2%
Ani
ape

Sed
exa
are
soll

sed
Thd

he to blockage at particle sizes below the maximum size where the particles are non-sj
Ctice, the lower limitation is due to thermal@nd electronic noise and the upper limitatig
-spherical particles passing through the aperture. This restricts the operating range t¢
to 60 % of the aperture size. This size:kdnge can be extended by using two or more ape
lex F). In practice, this procedure can be avoided by the careful selection of the diam
I'ture, to achieve an acceptable range.

imentation of particles becomes important when the particles are large and have a high ¢
ple, 100 um quartz particles have a sedimentation rate in water of about 1 cm/s). Largg
available, up to 2 000(um. In such applications, the viscosity and the density of the

tion should be incredsed, for example, by addition of glycerol or sucrose, in order to preve
mentation and te‘ificrease the possibility of keeping the particles in homogeneous {
homogeneity may be checked by repeated analyses at a range of stirrer speeds. The res

b electrical
ured. This

restricted
favourable
g a density
m) may be

b has been
fer a range
ay become
bherical. In
n is due to
be within
rtures (see
bter of one

lensity (for
apertures
electrolyte
ent particle
uspension.
ults of this

shojild be compared to establish the lowest stirrer speed at which recovery of the largest particles is
maintained.

6.3| Effect of coincident particle passage

Ideal data would result if all particles traversed the aperture singly and, thus, would produce single

pulses. However, the opportunity exists, especially at increased concentrations, that two or more
particles arrive in the sensing zone more or less together, which would result in a complex pulse.

Several possibilities exist, i.e (a) two particles pass the sensing zone at the same time, leading to a
pulse height equal to the sum of both pulse heights, and to a loss of counts; (b) two particles pass the
sensing zone at slightly different times but within the same measurement period of the larger particle,
leading to the same pulse height for the larger particle but a distorted pulse shape, and to a loss of
counts; (c) two particles, which are individually too small for measurement but have together sufficient
volume, pass the sensing zone at the same time, leading to an extra pulse of measurable height, and to
an increase of counts. This occurrence is named coincidence. Its effects will distort the size distribution
obtained but can be minimized by using low particle concentrations. The probability of coincidence
may be described by a Poisson distribution (see Annex A). Table 1 shows counts per millilitre for the
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coincidence probability to be 5 % as well as the corresponding analysis volumes to count 100 000

particles.

Table 1 — Counts for 5 % coincidence probability and analysis volumes for 100 000 counts

Counts pey
should not
distributio
Insuchat
decreases
distributio]

6.4 Dea

In instru

Aperture diameter | Maximum counts for 5 % | Analysis volume for
D coincidence? 105 countsP
pm N5 % Va
#/ml ml
1000 5.0E+ 01 2 000
560 2,8E + 02 351
400 7,8E + 02 128
280 2,3E + 03 44
200 6,3E + 03 16
140 1,8E + 04 5,5
100 5,0E + 04 2
70 1,5E + 05 0,69
50 4,0E + 05 0525
30 1,0E + 06 5,4E - 02
20 6,3E + 06 1,6E - 02
10 5,0E + 07 2,0E-03
a  Calculated using formula N5, = 5-1010/D3 particlesper ml.
b Use pro rata values for other analysis volumes and count numbers.

millilitre should always be less than thesge‘quoted values. Since particle size distribut
be a function of concentration, the_effect of coincidence can be tested by obtainiy
I at one concentration and comparing it'with that obtained when the concentration is hal
bst, repeat such dilutions until the feduction in count in a channel with the largest nun
n proportion to the dilution. This should always be done when analysing very narrow
Is, as this is where the effect.of coincidence is most noticeable.

l time

nts using digital-pulse processing routines, the signal is scanned at high freque
on pulse parameters, such as maximum pulse height, maximum pulse width, mid-p

e
Informati;):E‘l
height, midl-pulse widthyand pulse area is stored for subsequent analysis. In this case, analogug

digital con
and dead t
To minimiz
thermal an

version of the pulse with storage of the size value for the pulse is not performed in real t
me lossés are avoided.

ons
ga
Ued.
ber
Kize

hcy.
1se
_to_
ime

e the'effect of dead time, the analyser should be used with the lower threshold set to exc
delectronic noise, as indicated at A in Figure 2. Additionally, the concentration of part

f

icles

de

should be maintained below 5 % colncidence levels.
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Y
150 —
100 [—
50 —
0 I I I I I
0 A 50 100 150 200 250 X
Key]
X |channels
Y |counts
NOTE Counts at channels below A are noise counts. True‘particle counts are at the higher chann
Figure 2 —Jypical results
6.5/ Analysis volume
The analysis volume should be chosen‘based on the following requirements:
a) |allow a representative sample of the suspension;
b) |allow a sufficient number of particles to be counted and measured in relation to th
quality of the size diStribution; and
c) |have sufficient precision for the number of particles to be counted if particle concent

Tab

the

Ty[Tcal values,of the analysis volume are given in Table 1.

inf

interest.

bls.

e required

Fation is of

e 1 shows that the analysis volumes become excessive for counting this particle nuber when

aperture diameter becomes greater than 140 pum. Then, counting less particles mear

s that less

rmyation onthe size distribution will become nvniIahIﬂ’ soconsideration should be taken

arepresentative sample.

7

7.1

Repeatability and reproducibility of counts

Instrument repeatability

into taking

In a correctly performed analysis, the number of counts in a size interval is a random variable which
follows a Poisson distribution. In this, the variance is equal to the expected (mean) value. This indicates
that the standard deviation of a number of counts, n., with mean, N, approximates to \/ﬁc. Both the
variance and the standard deviation can be used in statistical tests on the correctness of instrument
operation or sample preparation. The statistical chi-squared test can be used to test whether obtained

© IS0 2021 - All rights reserved
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data follows a Poisson distribution or not. In this, the apparent and the theoretical variance for a given
number of measurements and a given probability are related. An example is given in Annex G. This
statistical test can be performed on single size intervals, groups of size intervals, or on the total
particle count.

7.2 Method reproducibility /intermediate precision

The reproducibility and intermediate precision will be influenced by several factors (in addition to
those dealt with in 7.1). They are covered in detail in Clause 8, specifically in 8.3, 8.4 and 8.11.

8 Operational procedures

8.1 General

A summary of all the key factors that can influence the quality of the final result is-given in Annex B.
This could pe used as the basis for setting a method in accordance with the theory of fquality by design”,
where the[variance (or lack of variance) of these factors on the final result is_considered as payt of
method deyelopment and validation and a control structure is put in place for-the'critical parametefs.

8.2 Instrument location

The instrument should be sited in a clean environment that is frée™Mrom electrical interference pnd
vibration. If organic solvents are to be used, the area should be well ventilated.

8.3 Lindarity of the aperture/amplifier system

The linearity of the aperture/amplifier system can be ¢liecked using three materials consisting of fjear
mono-sizedl particles with a certified modal diameteryIn a suitable electrolyte solution, the instrunjent
is calibrated with particles at about 0,3 D (see 8.11.2). Two further sizes of particles are then added
to the suspension, one size in the range 0.05 =10,1 D and one size about 0,5 D. The suspension ig re-
analysed and the size corresponding to these extra peaks should correspond to the quoted size of{the
particles tg within 5 %.

8.4 Lindarity of the counting system

The linearity of the counting systém can be tested by obtaining three repeat measurements of the tptal
counts (acyoss all channels)-atan arbitrary concentration. The concentration is then reduced and three
further repeat total coungs\ebtained. Coincidence-corrected counts shall be used. The ratio of the mlean
of the totallcounts should-be the same as the dilution. If the agreement is not within 5 %, the test shquld
be repeatdd comparing the two lowest dilutions. Subsequent analyses should be carried out at|the
dilution giying the'best results.

8.5 Cholceof electrolyte solution

8.5.1 General

An electrolyte solution should be selected in which the sample is stable. The electrolyte solution should
not dissolve, flocculate, react, or once a good dispersion is achieved, not change the state of dispersion
of the sample in the measurement time, typically up to five minutes. Particles insoluble in water can be
analysed in a variety of aqueous electrolyte solutions. Particles soluble in water can often be analysed
in methanol or in isopropanol. See Reference [11] for recommended electrolyte solutions. When using
small apertures (D < 50 um) or large apertures (D > 400 um), special care shall be taken due to their
particular characteristics.

8 © IS0 2021 - All rights reserved
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8.5.2 Special considerations for small apertures (D < 50 pum)

Where possible, the electrolyte solution should consist of an aqueous 4 % sodium chloride solution or
one of equivalent conductivity. It should be membrane filtered twice at 0,2 um or 0,05 pm for 10 um
apertures.

8.5.3 Special considerations for large apertures (D > 400 pm)

To prevent turbulence that can cause noise signals due to fast flow through the aperture, the viscosity
of the electrolyte solution may be increased by the addition of glucose or glycerol; 10 % glycerol is
recommended for 560 pm and 400 pm-apertures, and 30 9% g]yr‘nrn] for the 2 000 pm-and 1 000 um

apertures.

8.6 Preparation of electrolyte solution

An Electrolyte solution should be well filtered with a membrane filter for which’the pore [size is less
thah the diameter of the smallest particle measured, as it is essential that its-background cqunt should
be §s low as practicable. It should be noted that quoted values for filters are not absolutd. Usually a
megn pore size is given. The width of the distribution of pores around this mean varies depending on
filtgr type and manufacturer. This will affect the choice of filter size used. All glassware and apparatus
usefl should be pre-rinsed with filtered electrolyte solution or(other suitable liquids. Background
coupts should not exceed the values given in Table 2 or yield a total equivalent volume in excg¢ss of 0,1 %
of the total volume of particles subsequently measured in thejanalysis volume.

Table 2 — Counts for background fortypical aperture diameters

Aperture Analysis Background
diameter volume? countsP
D Vi
um ml
1000 2 2
560 2 10
400 2 25
280 2 75
200 2 200
140 2 600
100 0,5 400
70 0,5 1200
50 0,05 300
30 0,05 1500
20 0,05 5000
a  For other analysis volumes, use pro rata values.
b Suggested maximum counts.

8.7 Recommended sampling, sample splitting, sample preparation and dispersion

8.7.1 General

See ISO 14488 (18] for guidance on the sampling and sample-splitting procedure. Select an appropriate
dispersant and a dispersion method (ISO 14487 [19] and Reference [11] provide guidance in this area).
The expertise of the laboratory performing the analysis with respect to the sample under test may also
be utilized.

© IS0 2021 - All rights reserved 9
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Ultrasonic baths and probes are recommended for dispersion of materials. The time taken to disperse
will be sample dependent. It is suggested that to optimize this that the sample be placed in the bath
or probe and regular samples be taken over a time period of several minutes, every 30 s would be a
suitable default. The size distribution over time can be monitored and a time point can be selected at
which full dispersion has been achieved.

NOTE The use of high energy ultrasonic baths and probes, blenders and mixers can cause both agglomeration
and fracture of particles.

8.7.2 Method 1: Using a paste

The sampl
be worked
agglomera
a few drop
solution ar
as per 8.7.1
One suitab

8.7.3 Mg

In this cas
sample int
solution. T
time deter
add to appt
using this

and analys

, stirring occasionally. A stopwatch is recommended for a reproducible dispersion techni
e design of beaker of 400 ml capacity with a baffle is shown in Figure 3:

thod 2: Alternative method applicable to low-density particles of less than 50 pm

e, the density of the material will be close to the density of the electrolyte. Subdivide
o portions of about 1 g. Mix a portion with the dispersant and add it to the electro
hen place the beaker (see Figure 3) containing the suspénsion in an ultrasonic bath for
mined in 8.7.1. After stirring this stock suspension well, withdraw 5 ml using a pipette

method, it is important that at least two samples.are withdrawn from the stock suspen
ed to ensure repeatability of the aliquot sampling and the analysis.

b should be subdivided to about 0,2 cm3. If the sample is in the form of a powder, it shquld
and kneaded gently with a spatula and a few drops of suitable dispersant to break.d¢wn
fes. Transfer a mass of about 20 mg to 50 mg of the paste to a round-bottomed beakerandjadd
s of electrolyte solution and thin it with dispersant. Almost fill the beaker with-€lectro]yte
d place it in an ultrasonic bath with suitable power and frequency for the time determined

ue.

the
lyte
the
and

oximately 400 ml of electrolyte solution. Place in the ultrasonic bath for a further 15 s. When

bion

Key

1 aperture tube

2 stirrer
3  Dbaffle

10

Figure 3 — Example of a beaker with baffle and stirrer
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8.7.4 Suspensions and emulsions

Suspensions and emulsions should be diluted by addition of smaller volumes of diluent to the emulsion,
not by addition of the emulsion to a larger volume of diluent. Dilution should be performed stepwise
with mixing performed at each step. To avoid “dilution shock”, oil-in-water emulsions may be initially
diluted with distilled or de-ionized water. If the suspension or emulsion is electrostatically stabilized
the amount of electrolyte used should be minimised. The choice of diluent is important. If it needs
to be diluted it should be diluted with an appropriate buffer which is inert to the particles and the
act of dilution should not change the conductivity of the sample (if it does the system will require
recalibration). Any diluent should also ideally be particle free and certainly at the very least should
be prpfi]‘rm'pd to remaove anv pm‘fir‘lpc that could be measured at the given aperture size ie ifa 20 um
apefture is being used, then the diluent should first be filtered at approximately 3 um prior (0,15 D)
prigr to use.

8.7)5 Verification of the dispersion

As
dis
par
For
not
of (
rati

8.8

Fro
Cho
is 1
blo

be

all sample of the dispersion may be placed on a microscope slide and used to verify th
rsion and to estimate the size range of the particles using an optical'microscope. If th
Licles are particularly acicular, there is potential for aperture blockage and incomplete me
non-spheroidal material the largest diameter should be less than the aperture diamete
block the aperture if it passes end on). If an acicular particle wjith an equivalent spheric:
,02 D is considered as the smallest measurable particle, this gives a maximum length
p of 400.

Choice of aperture(s) and analysis volume(s)

m the microscope examination (see 8.7.5), estimate the diameter of the largest particl
ose an aperture for the size analysis such thdt‘the diameter of the largest particles to b
ss than approximately 60 % of the diameter of the aperture, selected to reduce the pd
king the aperture. For particles that are spherical or nearly spherical, an aperture su

diameter of the largest particles is less than 80 % of the diameter of the aperture may bg

the

'e is a considerable proportion of:sample below the lower size limit of that aperture (1

diaeter), a second and possibly a third smaller aperture will be needed (see Annex F).

Selg
may
an

(cod
nec

8.9

Ape
if

b degree of
e observed
hsurement.
I (so it will
1] diameter
to breadth

Es present.
e analysed
ssibility of
Ch that the

chosen. If
,5 % of its

ct a suitable analysis volume with reference to Table 1 or select a suitable time of accuinulation. It

' be necessary to analyse\a/number of analysis volumes or to accumulate for a long tim
\cceptable precision, e.g-50 000 particles will yield a precision on the median of the d
fficient of variation)ef 0,4 %. Counting fewer particles will reduce the precision, but t
bssary when usipg'the larger apertures (see Clause 7 and Annex F).

Clearing.an aperture blockage

rturessbelow 100 pm in diameter may become blocked with extraneous particles, g

e to obtain
istribution
his may be

articularly
bakers and

re4ds\not exercised in the clean handling, careful filtration and thorough rinsing of b

ass

¢iated equipment. A blockage or a partial blockage may be seen by means of the viewing optics, if

provided with the analyser. A blockage may also be indicated by measuring the flow time through the
aperture or by measuring the electrical resistance of the aperture. A blockage will cause a longer flow
time and a higher resistance. A blockage can also be revealed by an examination of the particle pulse
train, which is recorded with some instruments. A blockage will cause a clearly visible shift in the pulse
train. In some instruments, there are means to automatically detect and remove blockages. Blockages
can also be removed by one of the following techniques.

a) Back flushing: Reversing the flow through the aperture may be sufficient to clear a blockage.

b) Boiling: Itis possible to use the heating effect of the current to boil the blockage out. This is done by
using a high aperture current.

c) Brushing: It is often possible to brush the particles off the aperture by using a small high-quality

soft-hair brush with the hair cut short. Care should be taken not to damage the aperture.
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d) Air pressure.

e) Ultrasonic cleaning: With the aperture tube filled with electrolyte solution, the end is dipped
into a low-power ultrasonic bath for about 1 s. Repeat this operation as necessary. This method
is very effective but extreme care should be taken as it is possible to damage the aperture.
CAUTION — This method should not be used for apertures of 50 pm or less as can cause
severe damage to the aperture.

8.10 Stability of dispersion

lon-—o D 1 a a d 1ng ne a 1 lme Malzo

The stabiljty— sion—of particles ¢ 3 uring the analysis :
distributiop analysis n as possible after dispersion; then stir the dispersion for 5 min to.10.

bbles. Cumulative counts are recorded at size levels close to 30 % and 5 % of the,aperfure
diameter (fenoted as x,,,, and x,,;, respectively). Changes in the counts greater than those expe¢ted
from statigtics will indicate that the dispersion is not stable (see Clause 7 and Annex“F). Additi¢nal
verification of stability can also be performed in instruments that record raw pulse data. Inhomogengity
across the [pulse train during the time of analysis may indicate a change in the stability of disperdion.
Table 3 dethils some possible causes. ISO/TR 13097 [20] provides practical guidélines for the assessnjent
of dispersipn stability and is recommended reading in this area.

Table 3 — Examples of suspected phenomena jinrdispersion

Change in count at
Suggests

Xmax Xmin
No change No change Stable dispérsion
Increase Increase Crystallization, precipitation
Decrease Decrease Dissolution
Decrease Increase Size reduction, deflocculation
Increase Decrease Flocculation, agglomeration
Decrease No change Settling of large particles

8.11 Calibration

8.11.1 Gejneral

Electrical pensing zone instruments are typically calibrated using polymer latex microspheref of
known siz¢ and narrowsize distribution.

Those instfuments¢éwhich use the “constant current” approach should not require recalibration if{the
electrolyte conductivity is changed. Instruments using the “constant voltage” approach will requirg re-
calibration| foréeach electrolyte system to be used.

Another m;,thud, whichtsamrabsolute ulcthud, tsthe-mass iutcgl attormrnmrethod (occ Afrirex D) Here'the
weighed mass is compared to the mass found as determined by the instrument [121.113], This calibration
method is directly traceable and there is no assumption made about the shape, porosity or electric
conductivity of the particles.

Special care shall be taken for porous particles. Such particles may have an interconnected pore system
which, at least partly, is being filled with electrolyte solution during the sample preparation procedure.
This electrolyte solution will, to a certain extent, not contribute to the impedance change in the sensing
zone when the particle passes through it. Therefore, a porous particle generates a pulse with lower
amplitude than a solid particle of equivalent envelope volume. The difference is not negligible; for some
porous materials the size can be as little as half that of the envelope size. For the calibration for the
measurement of porous particles, see Annex E.
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8.11.2 Calibration procedure — microsphere calibration

Microspheres with narrow size distribution with a single mode, characterized by a variety of other
methods, are available. They should be characterized traceably to the metre, either by direct calibration
or by comparison with a certified reference material (CRM) that itself has certified dimensions traceable
to the metre obtained from a national metrology institute or another competent reference material
producer. The calibration method used depends on the assayed size parameter of the microspheres
and the analyser used (contact the instrument manufacturers for details). One method is to obtain
a histogram (frequency) plot of the number of particles against channels of equal width (on a linear
scale). The size at the centre of the channel with the greatest number of particles corresponds closely

. . . . o . ictribution is not
her side of
erial to the
rerification

metrical, the fractional channel position is calculated from the counts in channels on'ei

central channel. The calibration factor is the ratio of the modal size of the calibrationmat

reported on the instrument. Modern instruments provide an “automated” calibration/y
ard operating method/routine.

sizg

sta

constantis
nex E for a

Ld

ration should be checked on a regular basis to ensure that the change in the calibration
than 1,0 %, or every time an aperture size or an electrolyte solution is.changed. See An
hod for calibration of frequently used apertures.

Cal
less
metf

No

and
ach
obt
are
acc

Certified particle number concentration standards exist at the time of publication of thi§ document
the development of such concentration reference materialsiremains one of the challenges for
eving traceability in the concentration measurements. Mgst accurate concentration fesults are
hined when using a multi-point calibration procedure whéreparticle rates for sample andcalibration
measured at three or more pressures. Current standards are established through a combination of
irate determination of the size distribution of a tracéable standard and gravimetry.

9 |Analysis

Mos
car
be |

t powders have a particle size range that is sufficiently narrow for a satisfactory ang
[ied out using one aperture. If an appreciable amount of relatively small particles are sy
bresent in the sample, their presence‘in the sample, their presence can be checked by ¢

lysis to be
spected to
xecuting a

lire, two or
e interval,

mas
mot
itis

s balance (see Annex D). Where(the size range of a powder is too wide for a single apert
e apertures should be used. If over 1,5 % by volume of the particles fall in the smallest si
advisable to use the multiple‘aperture method (see Annex E).

e analysis
5is volume,
way that a

WhEn the particles are dispersed satisfactorily, following the foregoing procedures 12, t
can|begin. Select the analysis volume, or the number of repeat measurements of the analy
or the time for accumulation, or the total number of particles to be measured, in such a
particle size disteibution with sufficient precision is obtained (see Clause 7 and Annex F). Counting
fewer particles ‘will reduce the precision, but this may be necessary when using the larggr aperture
tubgs. It is adwisable that at least three, and preferably five, replicates be measured. The coufit numbers
obtpined aresubject to errors in relation to Poisson statistics.

To should be
rep

dry p

bnsure that the sample subdivision has been carried out well, the whole procedure

h

ed A 0 one.gothe a prefe D ore aalalla QCK

owder subdivision. Report all the measured data on a suitable data sheet.

10 Calculation of results

Modern instruments measure the volume and the number of particles within various size channels
directly, so no data conversion is needed. Some analysers count the number of particles above, or
between, variable equivalent-volume particle diameters, and therefore conversion of data to volume
percentage may be required. In the event of requiring number data to be converted to, and presented
as, volume data, it is usual for the method of Simpson’s rule [14] to be used. Since the volume of each
particle is measured, the numbers of particles within a size interval (size channel) can be multiplied
by the arithmetic mean volume of the channel in order to present the total particle volume within the
channel. In this way, the total volume of all particles within all size channels can be calculated, and the
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percentage by volume size distribution calculated. For the calculation to be reasonably accurate, the
size interval should be narrow, i.e. a large number of channels should be counted. For a more accurate
method and the calculation of moments of the distribution, see ISO 9276-2. Modern analysers perform
the calculation automatically. The volume-percentage distribution so calculated is identical to the
mass (or weight) distribution if all the particles have the same specific gravity (immersed density). It
is also possible to calculate and display the surface area of the particles and thus total surface area by
using the size and number information obtained. Such a calculation will be based on the assumption of
spherical, non-porous particles.

11 Instrument qualification

11.1 Gen

bral

The instrument is qualified through the verification of the linearity of the aperture/amplifier sys
(see 8.2),
calibration| constant (see Annex C).

11.2 Rep

Itis essent
data sheet]The test report should contain as a minimum the followingiriformation:

a)
b)
‘)
d)
e)
f)

g)
h)
i)
j)
k)

Verification of the linearity of the counting system (see 8.3) and the verification of

DIt

al that the whole qualification procedure and all data be repornted in full detail on a suit

identiffication of test specimen;

operator name;

compléte description of method used for sample preparation;

date and time;

aperture size;

measufrement conditions (current applied across two electrodes, amplified ratio calibra
constant of diameter, etc.);

partic

size distribution;

countq number of channel;

coincidence ratio (coincidence counts number of sample or sample concentration);

total n

pmber of patticles;

concerftration‘efsample.

Usable resTlts should be reported in tables and graphs in accordance with ISO 9276-1 and ISO 9276

14

tem
the

hble

fion

2.
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Annex A
(informative)

Derivation of maximum count number to limit coincidence

The probability of coincidence by particles in the sensing zone may be described by a Poisson

whg

5%

It c4

and

thus:

Bot

TTocreTroTs

re

k  isthe actual number of events per segment;

k! isthe factorial of k (= k-(k - 1)+(k - 2)-(k - 3), where k! = 1 for’k= 0 and k= 1...);
a is the average number of events per segment;

event = particle passage;
segment = sensing volume (V).

coincidence means that the number of coinciden¢e counts is 0,05 x observed number of

P(k>1) _ coincidence counts _\ 005
P(k=1)+P(k>1) observed counts '

in be calculated that 5 % coincidence’occurs for a = 0,1:

P(k=0)=1/e0%1=0905

P(k=1) =0,1/e%1.£0,090

D .

P(k>1)=4 - (P(k=0) + P(k= 1)) = 1 - 0,905 - 0,090 = 0,005

(A1)

Counts:

(A.2)

(A.3)

(A4)

(A.5)

h'the fact that the average number of events per segment o = 0,1 and the results of Formujlae (A.3) to

. snow a € maximum particie concentration 0 or 1S 0 coinciaence 1s abou article
A.6) show that th i particl tration (N5 o) for this 5 % coincid is about 1 particl

per

10 sensing volumes.

For cylindrical apertures, the sensing volume can be estimated from the diameter D and length L of the
aperture. Typically, the sensing volume extends somewhat outside the aperture, the degree of which
depends upon the aperture length. Lines et al. have indicated a factor 2,5 extension for one type of
aperture (L/D = 0,75), Wynn et al. mention a factor 1,06 for another type of 60 um aperture (L/D = 4,8).

© IS0 2021 - All rights reserved
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While assuming that this factor 2,5 holds for all apertures having L/D = 1 and that longer apertures
have a proportionally smaller factor, the sensing volume for all aperture volumes V, is:
|%

sens

=2,5V.

ap O 2,5:%41-D3 f], or about 2-10712-D3 ml (A.6)

One particle per 10 sensing volumes, as required for 5 % coincidence, means a particle concentration
N5 0, Of'
/0 .

Nso, = 0,1/2-10-12-D3 ml, or about 5-101%/D3 particles per ml (A7)

or

Ns,, = §-1010-V, /D3 particles per measured analysis volume V, (A.8)
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Annex B
(informative)

Fishbone diagram for method development

Figure B.1 illustrates the assessment of parameters which may determine how a particle sizing method

isd
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Instrument model
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’%@ Aperture range

Pre-dispersion method CONCENTRATION

A
2
Cleanliness d}é
’% CURRENT
2

Sampling method Analysis settings

s

Weighing method

Particle
sizing
method

Sample source/Lot

Humidity Calibration m@terials & Sample addition to
& instrument kS
&
Temperature Dispersaut’source S §
SAMPLE QUANTITY

Dispersant grade

Sample preparation

Sample conductivity

Choice of electrolyte

Sample porosity

Figure B.1 — Fishbone diagram for method development

e the user has a target method in mind, and also an idea of the desired method reproducibility, it
pssibléto start to define the method operable design region (MODR) for the method. To|do this, an
pssment of the main parameters which may impact the method is first needed. These can be grouped

asf

e)

©IS

ottows:
Analyst: How the sample is obtained.
Environment: The conditions in the lab where the measurement will be made.

Instrument: The setup of the instrument and its basic functions (e.g. cleaning routines, aperture
choice).

Material: The source of sample and dispersant for the measurement, including the sourcing of any
verification materials used to ensure the instrument is operating to specification. It will also take
into account the conductivity and porosity of the sample.

Measurement: Parameters associated with the measurement and dispersion process.
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f) Method: Parameters associated with the method set-up and selection process.

Within the

se, three groups of factors can be identified:

— Noise factors (italics in Figure B.1): Unintentional variations that if identified as potentially critical
may require ruggedness testing to assess impact.

Control factors (standard textin Figure B.1): Method factors which form part of the method definition

and which can be specified at controllable unique levels in standard operating procedures (SOPs).

definitg
experi

For a meth

Sonicd

— Sample concentration: Needs to be selected to ensure that a coincidence is mittimised [21],

All the oth|
noise facto

NOTE1 §
to minor ch

This is af
(acceptabld
a method’s

NOTE2 |
respect to i
in intra-lab
normally cg
information

18

i

Experimental factors (CAPITALS in Flgure B 1): Method factors Wthh form part of the method

| Licl L d € 11 | alhiic
TOT aliTc vy InIcIT Caltr ocrvar u.u \.,Uuuuuuu:u_y aITCr It Puu,uuau_y CT lu\,ou TIray 1 \,\,luu e TFODHStTY

mentation to define the MODR.
pd, the main parameters that need to be explored as part of a robustness study include:

tion power and time: This will directly affect the state of dispersion of the §ample.

er parameters associated with the method can either be controlled\to specific levels or
Irs. However, they should not be forgotten in setting up the method.

Robustness of an analytical method is the property that indicatesthe validity of a result with res
inges in the various method parameters and hence its suitabiljty for its defined purpose.

certained during the method development processes and determines the allow

practicality.

Ruggedness of an analytical method is the preperty that indicates the validity of a result 1
hadvertent changes of known operational variables and in addition any variations (not discov
oratory experiments) which can be revealed by interlaboratory studies. Such experiments
nducted on well-defined procedures following robustness experiment (or experiments) and pro
on a procedure’s interlaboratory transferability.
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) limits for all critical parameters that affect measured values and provides informatiof on
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Annex C
(informative)

Calibration and control of frequently used apertures

This annex describes a procedure applicable for the apertures that are used continually or very

fre guentlv—TFwent—calibrations-should-besrade-consecutivelyusinamicro-spheres{sea-8.1
veptly—Twenty calibrationsshould-bemadeconsecutivel usHRERicro

sho
con

ISO

and

Thd

ran
the

Tak

"4 IS TPTIICTTo(oTto

't period of time (e.g. within a day or preferably during a week). Calculate the mean
stant Kd and its standard deviation Ok, from this data. Plot the data in a Shewhant’ch

7870-2:2013 [22]) with warning limits at

action limits at

mean calibration constant K is used in the subsequent@nalyses. The use of the mean e

Hom errors in the determination of the constant are reduced. Repeat the calibration imn

result falls between + 2 O~ and + 3 O~ (the warning-area).
d d

e action in the form of cleaning or repair if two,consecutive results are outside

+ 2 O, Or if one result is outside + 3 O from the mean.
d d

1.2) over a
calibration

art (as per

nsures that
hediately if
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Annex D
(informative)

Mass integration method for calibration and mass balance

D.1 General

The mass integration method is generally believed to be close to an absolute method, provided, tha

particles i

by being tpo small to be detected in the aperture applied or by coincidence. Here, the ratio of ir

particle v

from input
is the total
made abouy
used both

the measuj
part of the
calibration
conductivi
circuitry w
coincident
calibration
of particles
lower than

D.2 Cali

D.2.1 Ge

Mass calib
electric co
that fits wg
particles a

D.2.2 Vo

In some in
others only
not sufficie

the suspension sample are properly measured, i.e. without any loss of counted parti

lume to output particle volume of the measurement is calculated, wherejinput is deri
mass, concentration and volume of suspension and effective particle density, and ouf
volume of particles counted. This method is directly traceable and there is no assump

for calibration and for a mass balance. In a mass balance, it is possible to determine whet
ement quality is adequate or significant errors are made. A firsticause for errors is that
particles is counted since the smallest particles are out of thé range of the aperture. Also
constant may be inadequate due to errors coming fromshape effects, porosity or eled
'y of the particles. Furthermore, some instruments have'a dead time in the pulse proces
hich can be significant and can correspond to an effective loss in the particles analys
travelling through the aperture. A loss will influence'the result of a mass balance or a
procedure, therefore it is important to keep it low:"The loss will depend on the concentra
counted. Therefore, a low particle concentration shall be used (e.g. with a coincidence
5 %). For highest possible accuracy, coincidence-corrected counts should be used.

bration procedure
neral
Fation can be executed to(compensate for any errors coming from shape effects, porosit

Il in the aperture of the instrument. A known volume of dispersion is analysed, in which|
e dispersed at a,cencentration that guarantees low coincidence.

Jlume V,, ofanalysed suspension

o
ass

all
les
put
ved
put
[ion

t the shape, porosity or electrical conductivity of the particles L2I{I3]. The method can be

her
nly
the
tric
bing
by

fion
risk

 or

nductivity of the particles under investigation. A narrow size range of particles is applied

the

statisticall

struments, the accuracy of V,, is guaranteed to better than 0,5 % for all settings, b

count with the guaranteed volume. Switch to another analysis volume and obtain the total coincidence-
corrected particle counts at least five times. The ratio of the total number of counts will be the ratio of
the guaranteed volume to the selected volume. All counts should be recorded. The counts shall follow a
chi-squared distribution, see Annex G.

D.2.3 Effective density of particles

Using a balance weighing to an accuracy of 0,1 mg, a relative-density bottle, pipettes and the usual
particle-dispersion method, the effective density, p, of the material in the electrolyte solution to be used
for the analysis is determined (see ISO 787-10). It is essential to test, in case of porous particles, that
all open pores are filled with liquid in the procedure applied, since partial filling will lead to erroneous
results. Closed pores will be measured as being part of the particle. Thus, their presence shall be
accounted for in particle density.
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4 Sample preparation

A narrow size-range fraction of the material under testing is prepared by sieving or a similar separation
method. At least 99 % of the mass of the particles should lie within a size range of no more than 10:1, so
that all can be measured using one aperture.

A suspension is prepared by dispersing a mass, m, of the powder in a volume, Vi, of the electrolyte
solution and the dispersing agent.

D.2

.5 Determination of the calibration factor

The
dist
cled
par
may
sho
int

Kyi

whyd

and|
con

NOT
sam

calibration factor, K for the instrument is then determined by measuring very carefu

ribution using an accurately known analysis volume, V, ensuring that the apertufe,is
r. A number of analysis volumes may be counted, or the analysis time may be Iong so
ficles are measured (e.g. 50 000 particles yields a coefficient of variation of 0,4'%). Fewy¢
' be measured but this will lower the precision of the measurement. The particle concent
11d be less than 5 % coincidence limit. The coincidence-corrected counts shall be recorde
ne calculations.

5 calculated from Formula (D.1):

1/3
V._m
_ m
Kd _Kd,a n
VTPZANi Vi
i=1
bre
T
343
_ g(dL +d )
Vi=———
2
K4, is an arbitrary value for, the calibration constant to start the calculation of the
Ktant coming from mass calibration.
E When one chooseg the prior micro-sphere calibration constant for K, , and one finds as

sha

D.

e value for K, which proves that the calibration constant is still valid and no effects are present g
e, porosity or electricalconductivity of the particles.

.6 Secondary calibration

neral, calibration of the aperture by a micro-sphere suspension is recommended. Itisrec
se this-mass-integration calibration procedure only in case of doubt for specific, ¢

ly the size
absolutely
that many
br particles
fation used
d and used

(D.1)

(D.2)

calibration

a result the
oming from

bmmended
p.g. porous
the typical

1S

calibration should be identified.
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D.2.7 Example of calibration by mass integration

See Table D.1.
Table D.1 — Example of calibration by mass integration
Diameter Vi N, AN, AN; Vi ZANI. Vi
pm um3 um3 um3

15-17 2,169 79 x 103 487 487 1,056 69 x 106 1,056 69 x 106
17-1 308490 %103 898 411 1.266-66-x100 23233510
19-21 4,220 21 x 103 1301 403 1,700 74 x 106 4,024 09 x\10
21-23 5,609 84 x 103 1691 390 2,187 84 x 106 6,211 93x 10
23-21 7,275 93 x 103 2190 499 3,630 69 x 106 9,842.62 x 10
25-27 9,243 61 x 103 2921 731 6,757 08 x 106 1,659 97 x 10
27-29 1,153 80 x 104 4175 1254 1,446 87 x 107 3,106 84 x 10
29-31 1,418 43 x 104 6678 2503 3,550 33 x 10% 6,657 17 x 10
31-33 1,720 76 x 10% 11 602 4924 8,473 00 %107 1,513 02 x 10
33-3] 2,063 29 x 104 20 384 8782 1,811 98 108 3,325 00 x 10
35-37 2,448 56 x 104 31583 11 199 2742 14 x 108 6,067 14 x 10
37-39 2,879 06 x 104 42 342 10 759 3,097 58 x 108 9,164 72 x 10
39-41 3,357 32 x 10% 50083 7 741 2,598 90 x 108 1,176 36 x 10
41-43 3,885 84 x 104 54 548 4465 1,735 03 x 108 1,349 86 x 10
43-44 4,467 14 x 104 56 803 2 255 1,007 34 x 108 1,450 59 x 10
45-47 5,103 73 x 104 57 840 037 5,292 57 x 107 1,503 52 x 10
47-49 5,798 12 x 104 58 369 529 3,067 21 x 107 1,534 19 x 10
49-51 6,552 84 x 104 58 659 290 1,900 32 x 107 1,553 19 x 10
51-53 7,370 39 x 10* 58 804 145 1,068 71 x 107 1,563 88 x 10
53-5] 8,253 28 x 104 58 894 90 7,427 95 x 106 1,571 37 x 10
55-57 9,204 03 x 104 581936 42 3,865 69 x 10° 1,575 24 x 10
57-59 1,022 52 x 105 58963 27 2,760 80 x 100 1,578 00 x 10
59-61 1,131 92 x 105 58976 13 1,471 50 x 106 1,579 47 x 10
61-61 1,248 86 x-10° 58987 11 1,373 75 x 10° 1,580 84 x 10}
63-6] 1,373 59 %105 58993 6 8,241 54 x 105 1,581 66 x 10
65-67 1,50686 x 105 58993 0 0,000 00 x 105 1,581 66 x 10

Kd,a =294,1

V. = 100000 ml

22

m=25,2mg=25,2x10"3¢g
Vo =333,695 0 ml

p=2,23g/ml

ZANI. Vi=1,581 66 x 10° (um)®=1,581 66 x 10° x 10~12ml
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100,00 x 25,2 x 1073
333,6950 x 2,23 x 1,581 66 x 107 x 10712

K, = 294,1§/
K4=379,1

n

The mean particle volume of a size interval AN; Viand the total particle volume ZANI. Vi may be

i=1

calculated by the computer software provided with the particle size analyser. For precise information
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Mass balance

.1 General

mass balance compares the volume of the particles measured by the instrument, mult
effective particle density, with the powder sample mass. The ratio of these two value
tion of powder that is accounted for in the measurement. This-ratio gives guidance as
smallest particles are accounted for or any other significantéerrors have occurred. Typic
ince of 100 % * 5 % can be met. See also D.1.

.2 Sample preparation

ispension is prepared by dispersing a mass, m;0f the powder in a volume, V., of the

tion and the dispersing agent. Weigh the sample and the electrolyte solution with highe
iracy.

.3 Procedure

bn the particles are dispersed sdtisfactorily, the analysis of a known volume V,, can begi
i carefully, on a linear scale, the size distribution ensuring that the aperture is absolutel
calculation to be reasonably* accurate, the size interval should be narrow (i.e. a large
hnels should be counted; the number of channels across the particle size distribution s
e as possible as narrew Size intervals allow better evaluation of the mean size). The ¢
ected counts shalldberecorded and used in the calculations.

.4 Calculations

mass measured by the instrument may be calculated by the Formula (D.3)

i ZZANiVi (p-Vr)

m

!

yual should

iplied with
s gives the
o whether
hlly, a mass

electrolyte
st possible

h. Measure
[y clear. For
number of
ould be as
incidence-

(D.3)

11T

The particle mass accounted for, in percent, may be calculated by Formula (D.4)

My, =M, /m x 100

where

©IS

M, isthe mass of particles measured by the instrument;

m

M,, isthe percentage of particles accounted for in a measurement in comparison to input pa

m is the mass, of the powder dispersed in a volume, V.

02021 - All rights reserved
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D.3.5 Results

The ratio of the mass of the particles measured by the instrument and the true particle concentration,
as determined by weighing the powder sample dispersed in the weighed volume of electrolyte, should
deviate from unity by no more than 5 %. A value deviating by more than 5 % indicates that not all
particles can be measured using one aperture or that errors are made due to effects coming from
sampling, the state of dispersion, shape, porosity or electrical conductivity of the particles. When it can
be assumed that only part of the particles is measured, then the two (or more) aperture technique (see
Annex F), should be used, if possible, to achieve highest possible accuracy.

D.3.6 Repeort

Itis essential that the whole mass integration procedure and all data be reported on a suitable datasheet.

D.3.7 Theeoretical example of mass balance

See Table I).2.

Table D.2 — Example of mass balance
Diameter Vi N AN, AN,V N AN Vi
pum um3 w3 pum3

19,83 to 21,91 | 4,644 45 x 103 487 487 2,261 85 x 106 2,261 85 x 106
21,p1 to 24,49 6,598 91 x 103 898 411 23712 15 x 100 4,974 00 x 106
2449 to 27,07 [9,038 52 x 103 1301 403 3,642 52 x 106 8,616 52 x 10°
27,07 to 29,65 (1,201 72 x 104 1691 390 4,686 72 x 106 1,330 32 x 107
29,p5 to 32,231,558 90 x 104 2190 499 7,778 92 x 106 2,108 22 x 107
32,3 t0 34,801,979 83 x 10* 2921 731 1,447 25 x 107 3,555 47 x 107
34,80 to 37,38 (2,470 70 x 104 4175 1254 3,098 26 x 107 6,653 73 x 107
37,B8 to 39,96 3,037 87 x 104 6678 2503 7,603 78 x 107 1,425 75 x 108
39,p6 to 42,54 | 3,685 89 x 104 11602 4924 1,814 93 x 108 3,240 68 x 108
42,64 to 45,12 4,420 18 x 10* 20'384 8782 3,881 80 x 108 7,122 48 x 108
45112 to 47,69 | 5,244 34 x 10¢ 31583 11199 5,873 14 x 108 1,299 56 x 10°
47,69 to 50,27 | 6,165 35 x(10* 42 342 10 759 6,633 30 x 108 1,962 89 x 109
50,7 to 52,85 7,190,39. %104 50083 7 741 5,566 08 x 108 2,519 50 x 109
52,85 to 55,43 |8,323)24 x 10* 54 548 4 465 3,716 33 x 108 2,891 13 x 109
55,43 to 58,01 {9,569 31 x 104 56 803 2255 2,157 88 x 108 3,106 92 x 109
58,01 to 60;58/1,093 11 x 105 57 840 1037 1,133 56 x 108 3,220 28 x 10°
60,68 t0 63,16 | 1,241 67 x 105 58 369 529 6,568 42 x 107 3,285 96 x 10°
63[16-tp 65,74 | 1,403 42 x 10° 58 659 290 4,069 93 x 107 3,326 61 x 109
65,74 to 68,32 (1,578 66 x 10° 58 804 145 2,289 06 x 107 3,349 55 x 109
68,32 t070,90(1,767 91 x 10° 58 894 90 1,591 12 x 107 3,365 46 x 109
70,90 to 73,47 {1,971 30 x 105 58936 42 8,279 45 x 106 3,373 74 x 109
73,47 to 76,05 | 2,189 75 x 10> 58963 27 5,912 32 x 106 3,379 65 x 10°
76,05 to 78,63 | 2,424 23 x 10° 58976 13 3,151 50 x 106 3,382 81 x 10°
78,63 to 81,21 (2,674 88 x 10° 58987 11 2,942 37 x 106 3,386 08 x 109
81,21 to 83,79 [2,942 25 x 105 58993 6 1,765 35 x 106 3,387 84 x 109
83,79 to 86,37 3,226 87 x 105 58993 0 0,000 00 3,387 84 x 109

24
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V. =100,00 ml

m =252mg=252x103g

Vyp =333,695 0 ml

p =2,23g/ml

zANi Vi=3,387 84 x 107 (um?3)=3,387 84 x 10° x 10~2ml

ISO 13319-1:2021(E)

Usi]lg Formulae (D.3) and (D.4) gives

3,387 84 x 10° x 10712 x 2,23 x 333,695 0

=0,025 21
m 100,00 8 8

M

= 002521 466_100,0

25,2 %1073

The recovery of particles is 100 % with the aperture in use.

© IS0 2021 - All rights reserved
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Annex E
(informative)

Calibration for the measurement of porous and conductive

particles

E.1 Ge

Particles
sensing z
formation

Porous par
preparatio
impedance
a porous p
volume. If
out for the
solve this
or with a g
porous pa
particles c:
of a narrov

ral

conductive materials (e.g. metal particles) can be accurately measured by the.'€lectr
e method, provided that the voltage applied across the aperture does not’prohibit
bf a surface layer, the Helmholtz layer. This voltage may typically be 10 V tg 15V [4],

ical
the

ticles have a pore structure which may be filled with electrolyte solution during the sa

article generates a pulse with lower amplitude than a solid particle of equivalent enve
the calibration of the instrument is done with solid particles and no correction is car
effect of the porosity, the measured size will be too small(see Figure E.1). A techniqu
roblem is to fill the pores either with an organic substance that is solid at room temperat
olvent that is immiscible with water [121.[16], Howeyeb; this technique cannot be used ¥
ticles made of natural polymers because they change size in organic solvents. Por
in be accurately measured after calibration of thexmeasuring instrument using the mean
Iy sized fraction of the material under investigation as described in E.3.

ple

h procedure. This electrolyte solution will, at least to a certain extent) not contribute to[the
change in the sensing zone of the aperture when the particle passes through it. Therefpre,

ope
ried
e to
ure
vith
ous
Kize

Key
1
2
3

porous
reporte
reporte
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particle
d size with correction for the porosity (envelope size)

d size without correction for the porosity

Figure E.1 — Diagram illustrating the response of a porous particle
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E.2 Particles of conductive materials

To obtain acceptable results for conductive particles, such as metal particles, a distribution
under normal conditions. The analysis is then repeated using half the current and twice th
distributions should be the same. If they are not, the procedure should be repeated using an

is obtained
e gain. The
even lower

current. Some metal particles are highly conductive (e.g. copper, silver and platinum). These particles

do not easily form surface layers, but they can be correctly sized if a very low voltage is appl
barrier increased by adding a 0,5 % solution of cetrimonium bromide.

ied and the

E.3__Porous particles

E.3|1 General

In ofrder to compensate for the effects of the porosity, the scaling of pulse height is done with t
under test. A narrow size-range fraction of that material is prepared by sieving ot a similar
method. The mean diameter is then determined by computer-aided microscéopy, image ana
megsurements on photographs. Finally, the material is analysed by the electrical sensing

insfrument and the known mean diameter is used for calibration of the imstrument [21.[10],

E.3{2 Sample preparation

In the case of sieving, the sieves should have openings as clgse*as possible to the modal ¢
the|sample (e.g. 5 pm to 10 um on each side). Wet sieving/with electro-formed sieves is
The sieving fluid may be chosen according to the expertise of the laboratory to fit the actu
as yell as possible. The size of porous materials may vary with the ion strength of the
mediium. Therefore, the fraction shall be transferred+to the electrolyte solution in which th
be gxpressed. The sample is then allowed to stand'overnight or treated in an ultrasonic bath
subptitute the liquid inside the particle for electrolyte solution.

E.3{3 Microscopy and ESZ measurements

An

wit
im
be
des
sizd
alsa
wit

hliquot of the suspension of the-sieved fraction is transferred to a microscope slide a

eﬁe analyser. It is important that the sample is not allowed to dry. At least 400 parti
easured [2. The numbef of particles to be measured can also be calculated using the
tribed in 1SO 13322-1 [1Z) The modal diameter of the number distribution should be thg
parameter for calibration, but the median diameter either in number or in volume distri
be used. Finally, the particle size is measured with the ESZ instrument which has been
n microspheres:

E.4{ Calculations for microscopy

E.4{1-" 'General

he material
separation
llysis, or by
yone (ESZ)

iameter of
preferred.
h]l material
suspension
e size is to
in order to

hd covered

h a cover glass. Then photographs are taken, or the particle size is measured directly with an

'les should
procedure
e preferred
bution may
calibrated

The mean diameters of the microspheres and the sieved fraction are used to calculate a resp
which can be used for future calibrations.
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