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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 wark SO collaborates closely with the
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Introduction

The characterization of particle properties like size, form and specific surface area requires very careful
sampling and sample splitting practices to be followed. The distributions of the values of such properties are
related to the number of particles, which cannot be increased as in sampling for chemical analysis. Deviations
from statistical values occur due to the presence of particles of different sizes and shapes for each component

in a pawder obtained from a sampled mass of powder

© 1SO 2007 — All rights reserved \"
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INTERNATIONAL STANDARD ISO 14488:2007(E)

Particulate materials — Sampling and sample splitting for the

determination of particulate properties

1 cope
This |nternational Standard specifies methods for obtaining a test sample from a defined bulk
matefial (powder, paste, suspension or dust) that can be considered to be representiative of tha

defingd confidence level. It is particularly relevant to the measurement of particle size, size dis
surfage area.

2 ormative references

The following referenced documents are indispensable for the sapplication of this documen
refergnces, only the edition cited applies. For undated references, the latest edition of th
docupent (including any amendments) applies.

ISO 3165, Sampling of chemical products for industrial use(Z Safety in sampling

ISO 206, Chemical products for industrial use — Sampling — Vocabulary

ISO 9276-2, Representation of results of particle’ size analysis — Part 2: Calculation of ave
sizes{diameters and moments from particle size-distributions

ISO 14887, Sample preparation — Dispersing procedures for powders in liquids

3 Terms and definitions

For the purposes of this decument, the terms and definitions given in ISO 6206 and the following

31
bias
systgmatic difference between true (or accepted) value and measured value

3.2

bf particulate
t bulk with a
tribution and

t. For dated
b referenced

rage particle

Bpply.

“critFaI” size class
spec

ic_size class, whose sampling error, in its fractional mass, has a significant influence upon the product

properties

3.3
error

difference between a measured value and the true value, which may have a random or a systematic nature

3.4
gross sample
primary sample, composed of several sample increments

3.5

grab sample
sample that has not been taken under well-defined conditions
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3.6

primary sample

sample (sing

3.7
representati

le or composed) taken from a defined bulk product

ve sample

sample that has the same properties as a defined batch of material and represents the bulk material, within a

defined confidence limit

3.8

sample

part of a defiped-bullcpreducttakenforthe-purpose-of-characterization
3.9

sample increment

single sampl
from a produ

3.10

sampling sgquence

sequence of
product

3.1
spot samplg
sample, take|

3.12
test sample
sample that i

4 Abbre

For the purpgses of this document, the following-abbreviations and symbols apply.

Ccv

F¢1,¢2
FE

MMD

b, taken from any of a defined set of locations in a bulk product or at any of a defined'set of fimes
ction/transportation line, to be mixed with other increments to form a gross sample

sampling, sample division and combination steps that result in a test\sample for a defined bulk

h at a defined location or production time, from a batch of material

5 entirely used for a property characterization

yiations and symbols

coefficient of variation, i.e. §tandard deviation relative to the corresponding mean value,
expressed as fraction or percentage

standard F-distributien value with ¢, and ¢, degrees of freedom
fundamental ecror
mass median diameter

fotal Aumber of particles in sample or sample increment

umber of particles in a defined size class

ng

"min

TMMD

number of particles in a sample or sample increment required to obtain a defined maximum
deviation ¢,,,, with a defined level of confidence

required number of particles in a sample to meet the stated error of the MMD

total number of particles in the log-normal particle size distribution required to reach a maximum
coefficient of variation of 3,16 % in xqq

number of measured samples

number of samples required to obtain a defined maximum deviation &,,,,, with a defined level of
confidence, between the estimated and the true mean value of a property of interest

© 1SO 2007 — All rights reserved
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Op(x;) cumulative number-based particle size distribution
Os(x;) cumulative volume- or mass-based particle size distribution
r dimensionality (type of quantity) of a distribution: » = 0: number; » = 1: length; » = 2: area; r = 3:

volume or mass

SD standard deviation
Sy estimate of standard deviation of y, coming from measurements
t Student's ¢-factor for statistical significance, which depends on the confidence level taken and the

numper or degrees ot freeaom (/V — 1) (10 be taken 1rom statistical tables)

Var variance

X particle size

Xs 5 percentile size of the particles

Xg5 95 percentile size of the particles

X; particle size corresponding to percentile i

y value of any property of interest of the particulate material, e.g. specific size, shape, purface area
y mean value of y

Zg critical z-value related to a defined confidence.fevel according to the standard normal distribution

(to be taken from statistical tables)

Emax defined maximum level of deviation at\defined confidence level (half-width of the stated
confidence interval)

1% granulometric factor, related to’the width of the particle size distribution, expressed bl the ratio
xg5/x5 Of the undersize particle size distribution; y~ 0,25 for wide particle size distribytion with
XQ5/X5 > 4, Y= 0,5 for2 < XQ5/X5 < 4, y= 0,75 for1 < XQ5/X5 < 2, and y= 1 for XQ5/X5 ~1

P density of particles. in kg/m3

o standard devidtion; square root of variance (theoretical value)

gy geometric.standard deviation of the log-normal particle size distribution

Op fun(da)mental error (standard deviation) of mass fraction of particles smaller than or efiual to x;, i.e.
30y

5 Principles of sampling and sample splitting

5.1 General

Particulate materials consist of discrete particles, each having its own properties such as size, shape, surface
area, density and/or composition. Sometimes, the material is well mixed and the properties show only random
variations with respect to location in the bulk and/or time of production. More often, however, segregation
occurs due to the free-flowing behaviour of the material and/or fluctuations in the production process. This can
result in a systematic deviation between the mean properties at different locations and at different times. For
representative sampling, each of the particles in a bulk product must have the same probability of being
sampled, in their proportions. For well-mixed materials, a single sample of adequate quantity may suffice. For
most materials, some degree of segregation is to be expected. Then, several sample increments must be
taken from different locations or at different production times. These are either analysed as such or combined
into one primary sample. In most cases, there is no recipe for representative sampling. The quality of the

© 1SO 2007 — All rights reserved 3
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sampling procedure can only be assessed by measurement. Often, the primary sample collected in this way is
too large for characterization of the required property. Then, sample splitting is necessary until the required
quantity for the test is obtained.

The total error of sampling and sample splitting consists of two parts: the fundamental error and the
segregation error.

The fundamental error is related to the discrete nature of particles given their different properties. It is a
statistical error, related to the random variations of the properties with respect to location. It represents the
lower limit of the total sampling error. This error depends on the amount (number, mass) of sample taken.

according to| their size, shape and density. It cannot be predicted, but only assessed by measureme
samples take¢n at different locations in the bulk and at different times of production. These measurements
provide an estimation of the segregation error (see 5.3).

Given the cgmplex behaviour of particulate materials, it is required that the complete procedure for sampling
and sample gplitting be described in a sampling plan (see Clause 6).

5.2 Fundamental error

5.21 Number distributions Qg(x)

For number{based size distributions, the fundamental error [expressed as the variance Var or sqlared
standard deyiation o of a fraction Qy(x;) at any point x;] can be calculated using the mathematics of binpmial
distributions |1, [6]:

Var[QO(xi)] = O'Qo,i2 = Qo(xi)“ - Qo(x,')]/n (1)

If the numbef of particles in a size class or above a certain size is very small in comparison to the total nymber
of particles faken into account for a measurement, thén Poisson statistics may be used for estimating the
variance or the standard deviation:

Var(ng) + a(ng)? = ng (2)
For example| for the number of particles larger than xg, it can be seen that
ng = [1+ Oplxgo)n 3)
and, since Qp(xgg) = 0,9 or.almost 1, Equations (1) and (3) give approximately the same answers.

If the fundamental erran)is the only error, the minimum number of particles n,;, required to obtain a degfined
maximum depiation_g,,, with a defined confidence can be derived from:

Emax = 70008+ =Ze JOo(x 1= Qg (x )/ 1 (4)

or

min = { Qo)1 = Qp(x;)] }’Zcz/gmax2 (5)

where z, is the critical z-value related to the defined confidence level according to the standard normal
distribution and may be obtained from statistical tables.

The standard deviation of x; can be calculated from 000,i through multiplication by the reciprocal value of the
slope of the cumulative size distribution at point x;:

0y = 000 i dx;/dQy(x;) (6)

4 © 1SO 2007 — All rights reserved
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The coefficient of variation of x; can be calculated from this standard deviation by multiplication by 100 and

division by x;:
CV,,=1000,/x;
5.2.2 Volume- or mass-based distributions O;(x)

(7)

For volume- or mass-based size distributions, the general calculation of the fundamental error is not simple.
One way is to use a spreadsheet programme (e.g. Excel) to convert the measured volume-based size
distribution of a typical sample into the corresponding number distribution. The conversion principles and
equations given in ISO 9276-2 shall be used.

This
shall

As an example of the results from such calculations, Figure 1 and Figure 2 are presented for a 1

of vg
cond
calcu

Figun
1%
width
the fu
(x90,3
size

largef

Figur
ensu
distri
numbk

always be the first step in a sampling procedure.

riation in x for various characteristic sizes as log-normal size distributiohs.” The calcU
icted for distributions around a median size of 30 um with a material density of 1 000 kg/m
lation is given in Annex B.

e 1 shows that, for a constant percentile, the sample mass requiredyto reach a coefficient ¢
ncreases with particle size distribution width. It increases from{about 10 mg to 1 kg as th
ratio (xgg 3/x193) increases from 2 to 100. The sample’ mass required is also
ndamental error is to be maintained for percentiles ever closer to the highest limit of the

requires a 1 000 times higher sample mass and vice, versa. Note also that acceptance (
coefficient of variation in the fundamental error requirés 100 times less sample mass.

e 2 illustrates that, for larger distribution width’ratios, larger numbers of particles must b
e a result whose error remains below the target of a 1 % coefficient of variation. For a very
pution, counting a few hundred particles*is‘all that is required. However, for very broad di
er in excess of 10 000 000 will need tobe assessed and counted.

estimation of the minimum amount of sample in view of a stated minimum funda]nental error

% coefficient
lations were
3. A detailed

f variation of
e distribution
increased if
B distribution

Xg5.3: Xgg 3 @nd xqgq 3). For a distribution by mass, it should'be noted that a 10 times higher mean particle

f a 10 times

e counted to
narrow size
Stributions, a
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Y
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Figure 1 — Minimum sample mass for 1 % FE
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1011 I

10° |— X993 /

105 I
10" | I R N B N | | I | I
0° 10! 102
X90.3/X103
Key
Y ratio of total number of particles to the number larger than the specified size

5.3

Itis

Figure 2 — Ratio of total to fractional particle number

Total error/number of Samples or increments

tp be expected that sorme) degree of segregation will have occurred in the bulk product. The t

errorfshall be assessed thfough measurements of the property of interest in multiple samples. Th
shall fhave about the.same size and come from different locations in the bulk or have been take
timeq during the production process. The minimum sample size shall be calculated as indicate
Anneix B. From these multiple measurements of the value y of a property, both the mean val
standard deviation s, may be calculated from

and

btal sampling
ese samples
n at different
d in 5.2 and
ue y and its

(8)

_:%Zyi

where N is the number of measured samples.
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This total error may first be compared with the fundamental error as calculated above and the degree of
segregation assessed. Secondly, it can be converted to a confidence interval indicating a maximum level of
deviation ¢,,,, at a given level of confidence using

Emax = 15,/ JN

(10)

where ¢ is Student's ¢-factor for statistical significance, which may be obtained from statistical tables. The
t-value is dependent upon the confidence level taken and the number of degrees of freedom (N - 1).

Equation (10) may be rearranged to calculate the number of samples (or sample increments) N, required for a

deviation &,

« at a defined level of confidence between the estimated and the true mean value of y:

N, = (tsy

When the measured values y of a property follow a normal Gaussian distribution, which is genérally true
be interval of the variance of these measurements can be derived from a chi-squared distribjtion,
symmetrical. This is illustrated in Figure 3, which shows the 95 % confidence limits for the rgtio of
deviation to calculated standard deviation as a function of the number of.degrees of freedomn.

the confiden
which is not
true standard

2
&max)

YA
4l
3
B 1
2
1
| /———— \
B 2
0 ! ! ! ! | ! ! ! ! Lo
1 10’ 10 ¥
Key

X number of degrees of freedom
Y ratio of true standard deviation to calculated standard deviation

1 upper lim

it

2 lower limit

Figure 3 — 95 % confidence limits for confidence interval of standard deviation

(11)

then
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Figure 3 shows stabilization of this confidence interval when generally more than 30 samples are taken into
account for a best estimate of precision.

When measuring particle size and surface area, the exercise of estimating the standard deviation of the mean
measured property is only performed at the beginning, when starting with a given bulk product or production
process, or during validation. When products are to be checked on a regular basis, the minimum number of
samples required to assess the product quality may be taken as sample increments. These sample
increments may be combined to create a gross sample if they have the same mass. Such a gross sample
may be too large for characterization and thus has to be subdivided to obtain the required quantity of test
sample. During subdivision (sample splitting), the same equations can be applied as indicated earlier in this
clause.

6

A sainpling plan shall be specified and documented. If a quality standard of the 1SQ Q000 serieq
sampgling plan shall be a part of the quality standard documentation (see Reference\[11]).

The gampling plan shall consist of a general part and a technical part.

It is recommended, but not mandatory, that the sampling plan be made forithe whole sampling sq
primary sampling to the final test portion(s).

The general part shall address at least the following aspects:

The fechpi€al'part shall address at least the following aspects:

ampling plan

Material description.

All known relevant information on the powder teibe measured (for example, variance, hy
fleactivity, cohesion, etc.).

All known hazards related to the powder (for'example, toxicity, flammability).

[Description of the task.

easurement).

is used, the

quence from

groscopicity,

The use of the information to*be estimated from the powder (for example, sales contract, internal quality

he random variableste be estimated in exact terms (for example, mean percentage of material finer

an 10 ym in produgtion batch).

he variance‘(coéfficient of variation) and the related limit of confidence shall be specified fpr all sample

plitting stages. The total sample splitting variance estimate shall also be computed.

Sampling sites for all sampling and sample splitting stages, including site requirements.

Method of primary sampling (if applicable) (random, systematic, stratified, staged, sequential).

Mode of increment withdrawal (continuous, discrete).
Type of increment (time, mass, number).

Size of increments (number of particles or mass) in sampling and sample splitting stages.

Number of increments to be taken in primary sampling and subsequent sample splitting stages.

© 1SO 2007 — All rights reserved
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Number

of increments to be chosen for further sample splitting in each stage.

Combination of increments (if applicable).
Required reduction ratios for all sample splitting stages and overall reduction ratio for test sample.

Method(s) of sample splitting (one or more stages).

additions, etc.).

Detailed description of all other sample handling procedures used (i.e. mixing, sonification, dispersant

Method
Number
All equig
Cleaning
Qualificg
Sample
Sample

All equipmer
requirementg

7 Gener

7.1 Safety
Safety preca
requirementg
precautionar
described in

7.2 Primdary sampling

Representati
being taken
taken from a
locations sh{

ffinaranalysis.

of measurement repetitions for each test sample.

ment needed for sampling and sample splitting stages.
procedures for all equipment and sample containers.

tions of personnel for each stage of the sampling sequence.

marking.

storage procedure(s) and place(s).

specified in Clause 7 shall be applied.

Al procedures

/ precautions

utions are necessary when sampling and handling hazardous materials. Relevant sta
shall be followed and reference shall be made in the sampling plan to any toxicological
/ measures to protect the‘operator and remedial measures in the event of an accident. Mea
SO 3165 shall be taken,into consideration.

ve sampling-from a bulk particulate product requires that all particles have equal probabi
nto the sample, in their given proportions. Sample increments of about the same size sh
5 manyslocations in the bulk product as practical and combined into a single gross sample. 1
Il be chosen carefully and be described in the sampling plan. In order to minimize errors d

t and methods shall be validated and such documents shall be a part of the sampling plan|

The

utory
data,
sures

ity of
all be
hese
ue to

segregation,

this sampling shall be done at a place where segregation is minimal. Sampling from a m

pving

stream is a preferred method. Some generat rules for designing sampling equipment are as foltlows:

time and not a fixed part of the stream continuously.

The preferred design is one which collects the sample over the whole particulate stream for part of the

The frequency of sampling shall differ from that of any major process fluctuations or loading sequences. If

the frequency of such fluctuations is unknown, further investigations are necessary (see e.qg.
References [2] and [8]).

The sampler and sample container shall have no constraints, so that even the largest particles are easily

accepted. Thus, the diameter of sampling tubes and the distance between cutter edges shall be at least
three times the size of the largest particle and not be smaller than 10 mm. However, for liquid dispersions

of small

10

particles, a minimum size of 2 mm is acceptable.
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The sample container shall have sufficient volume to easily receive the full sample.

on their centre of gravity.

Samplers shall have thin walls or sharp edges to promote good control of acceptance of particles based

The speed of a sample cutter or sample tube shall be sufficiently low in order to avoid large particles

being lost by collision with the sides of the cutter or tube and small particles being carried away in the
upward air stream. As a rule of thumb, cutter speed shall be lower than 40 cm/s.

Local sampling tubes in pipelines shall be iso-axial to the pipe.

WARNING — Manual sampling from heaps always leads, with segregating materials, to lar

erro

7.3

Sam
No nj
be ug

Throlighout all the procedures and stages, the sample shallkbe protected from any contaminati

partig

Sam
of trd

Any
sonid
not o

Appr
shall

hygrg
Appr:
Sam

away
shall

ocal sampling In pipelines shall be done iso-kinetically where possible, while keeping thejlir
bout the same. The flow in the pipeline shall be either undisturbed or mixed thoroughly."No
ow regimes shall be used.

Sample handling

les.

ples shall not be unduly transported or handled. Ifitfransportation cannot be avoided, howeve

sample handling procedures, such.@s homogenization by mixing, thermal drying or d
ation or other methods, shall be validated to ensure that changes in the particle properties
Ccur.

ear flow rate
intermediate

ge sampling

ble increments shall be entirely utilized at all stages of sample division, preparation and njeasurement.
aterial may be added to or taken from the increment. Incomplete or contaminated incremgnts shall not
ed.

bn by foreign

, the method

nsportation shall be agreed upon between the“parties concerned. Transportation and hangling shall be
validated to ensure that changes in the particle properties of interest do not occur.

ispersion by
bf interest do

ppriate and validated thermal/drying conditions (heat source, temperature, atmosphere, ve
be specified. After thermaldrying, the material shall be allowed to cool in a desiccator. If t
scopic, it shall also pe.stored in a desiccator.

ppriate and validated dispersion conditions shall be specified.

ples shall be’stored so that no alteration in the properties of interest takes place. They sh

be validated.

Any equipment needed in the process of sampling shall be thoroughly cleaned. |

7.4

!

tilation, etc.)
e material is

all be stored

from direct daylight and shall not be subject to large temperature changes. Longer periodls of storage

Sample containers

Storage containers used for storing any sample shall be capable of holding the entire quantity of the sample.
The storage container shall be clean and sufficiently robust. The storage container shall either have a lid to

close

©I1SO

it securely or be of such a construction that it can be closed tightly in another way.
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7.5 Marking of sample containers

Containers shall be marked if the divided sample is not going to be used immediately. The container markings

shall include

— samplei

the following information:

dentification:

— number,

— in the case of parallel samples, the total number of samples and the sequence number within the
total;

— samplinJ; level identification;

— name of

— identification of lot number and producer's name;

— date of s

— name of

— other ne

— cartjier fluid identification,

— any

— othgr treatments to which the sample has been subjected,

— spe
— info
— ider
An alternate
related to the

files shall ha

In the event
containers c(

Markings on

commaodity;

ample preparation;
person who carried out the sample preparation and the affiliation;

cessary information (if applicable):

dispersion and stabilization reagents employed,

Cial properties of the material, such as hygroscopicity, segregation tendency,
rmation concerning safety,

tification of the sampling plan,applied.

strategy is to mark thé sample containers with a sample identification number which c4
above information, recorded in a sample preparation laboratory book or computer file. Com

e a backup.

of further division of a stored sample, the original sample identification shall be recorded o
ntaining the'newly divided samples.

sample containers shall be made in such a way that they will not become illegible durin
d

n be
puter

n the

g the

storage perig

8 Sample division techniques

8.1 General

Often the size of primary samples is too large for property characterization purposes. In such cases, the
sample shall be divided to give a test sample of a suitable size. Several techniques exist for sample splitting.
Their applicability depends on the flow properties and the homogeneity of the primary sample from which a
representative test sample is desired. Sometimes, different techniques are used in combination.

12
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Spinning riffler

Spinning rifflers (rotary samplers) are the best choice to sub-sample free-flowing particulate materials. Other
materials may be made to flow freely by the use of additional agents in known quantities. Sticky and strongly
agglomerated powders are excluded. Spinning rifflers are available in different sizes; they can provide
samples ranging from about 0,5 g to 300 g.

The spinning riffler consists of a feed hopper, a vibratory feeder and a turntable or other rotating divider ring
where the sample holders are located.

Before sample splitting, the sampler shall be clean. The hopper design shall be such that a constant, non-

the e

hat no material to be sampled is lost outside the sample holders or remains trapped withi
ory feeder, divider ring or any other part of the sampler. Special care shall be taken inythe

ifs operation that material will not be retained between the sample holders. The material sha

| before being placed in the feed hopper. The vibratory feeder is then actuatedcand left to

still riinning so that no material remains in the hopper or in the vibratory feeder.

8.3

Statig
mate

Static riffle divider

rifflers — table rifflers or chute rifflers — are capable of pfoviding large quantities of
rials that are free-flowing or can be made to flow evenly. Their.quality of division is generall

that ¢f spinning rifflers. They usually find application with very.céarse materials. They shall no

mate

rials that readily liberate dust, nor for friable materials.

The [naterial shall be carefully mixed in a feed containgf.'and poured uniformly into the divider

samy
be ta
new

Slow

The s

le into parts. Any one of the divided parts shall be selected randomly as the divided samp
ken to prevent clogging of the riffles. If clogging does occur, the whole sample shall be re
bour carried out after cleaning the riffler.

pouring of sample into the riffler shall be-avoided.

ize of the riffle divider shall be in.accordance with Table 1.

TFable 1 — Size of static riffler to be used

ed in such a
the hopper,
riffler design
| be carefully
operate until

htire sample has been divided. The hopper and the vibratory feeder shall be ¢leaned whil¢ the riffler is

samples for
y worse than
be used for

to divide the
e. Care shall
mixed and a

Maximum particle size Opening width
mm mm
20to 16 50
16 to 10 30
10to 5 20
5t02,5 10
below 2,5 6

The static riffler shall be used in accordance with one of the two methods illustrated in Figure 4.

In method 1, the sample is divided into two parts. One of these parts is further divided into two, and so on,

until the sample size required for final analysis is obtained. The reduction ratio for division into / stages is -
2

©I1SO
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Key
1 sample to
2 divided sg

In method 2,
halves prody
same two-std

The reductio

a) Method 1 b) Method 2
be divided
mple

Figure 4 — Pouring schemes for a riffler

the sample is divided into two parts and both parts are separately divided into two. Two
ced by this division are combined and the resulting combined sample then divided again
p mode.

N ratio_is L
21/3 ’

bf the
n the

Method 2 is

g preferredmethod:

8.4 Coning and quartering

8.4.1 General

The technique of coning and quartering can be applied successfully for powders with poor flow properties.

Due tothe m

14

anual operations involved, the technique tends to be operator sensitive.
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Coning and quartering of powder

The material to be coned and quartered shall be thoroughly mixed in a mixing container. The material is then
poured carefully on to a hard, clean, nonporous surface. The pouring shall be made in a single pass and the
pouring point (spatial location) shall not be moved from the centreline of the cone which forms during the pour.

For quartering, a knife with four crossed blades is used. The height of each blade shall be more than the
height of the sample cone formed by pouring. The knife is carefully inserted into the top of the sample. The
movement of the blade shall follow the centreline of the sample cone. Care shall be taken that the knife is
inserted right to the bottom of the cone. A randomly chosen quarter is then removed as a sample without
moving the knife. All the particles shall be removed, using a small brush if necessary.

This
orin
mate

WA
syst

8.4.3

method shall not be used for powders having a tendency to segregate due to large differéndges in density

barticle size, or for powders that are prone to dust liberation. The method shall not be Used fpr hazardous
rials.
NING — This method tends to give a high random error and is operator sensitive. It may also give

matic errors. It shall be validated before use.

Coning and quartering of a paste

When using the coning and quartering method for pastes, form th€ material into a cone shape. A conical

moul
powd

Dired

8.5

The i

J in two halves may be used. Otherwise, the procedure is_similar to the coning and qua
ers.

t quartering of a filter cake shall not be carried out.

Increment division method

into
sam
agairn
shov
the s
the p
that n

reas of equal size, the number of areas corresponding to the number of increments requ
le from each area, selecting the sampling point within the area randomly. Before sampling, i
st which the sample will be‘taken, from the top to the bottom of the powder layer. Then, inse
| into the sample layer.down to the bottom of the layer. Use a blunt-ended shovel with sig
ample in a direction.perpendicular to the inserted plate, advancing the shovel until it makes
ate. When removing the shovel from the sample bed, remove the plate and shovel togett
o material isdost’ Combine the sub-samples thus obtained to give a combined sample.

Table 2 — Bed thickness in manual incremental division of sample

tering of dry

hcrement division method can be used not-only for materials with good flow properties but glso for those
with poor flow properties. Here, too, the quality of sample division depends upon the ability of the

operator.

The material shall first be mixed thoroughly without dust formation. The material is then spread on a flat, clean
surfal!e and formed into a rectangular bed having a uniform thickness as given in Table 2. Mark

the rectangle
ired. Take a
hsert a plate,
rt a sampling
ewalls. Take
contact with
er to ensure

©I1SO

Maximum particle size Thickness of sample layer

mm mm

20 351060

16 30 to 45

8 251035

4 20t0 30

2 15to 25

1 10to 15

0,5 or finer 5to 10
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If a different quantity of sample is needed than that obtained by the above procedure, either the size of the
increment or the number of increments shall be varied. By weighing the first sub-sample obtained, an estimate
of the size of the final combined sample can be computed. If adjustments are necessary, the sub-sample
already taken is returned to the original material and the procedure is re-started with a new increment size or
number of increments.

This method shall not be used for powders having a tendency to segregate. Nor shall it be used for materials
that show a large variation in particle density or size or for materials that are prone to dust liberation. The
method shall not be used for hazardous materials.

WARNING — This method tends to give a high random error and is operator sensitive. It may also give

o
A~

systematic errers—Fhe-method-shal-be-validated-beforeus

8.6 Scoop sampling

Scoop samp
narrow parti
very operato

Before samj
Free-flowing
paste (see 8

spoon or spgtula and combined to form the test sample.

8.7 Sampling from paste

ling is, in general, subject to large errors. Only for well-mixed, sticky powders-having a
le size distribution, or for pastes, might it provide adequate quality. The technique tends
sensitive due to the manual nature of the operations involved.

ling, the particulate material shall be mixed well within its container by stirring or rot
materials shall be mixed with a few drops of liquid, containing seme dispersant (1], to fq
.7). Several sample increments, preferably at least ten, shall e taken by means of a s

fairly
to be

ation.
rm a
Coop,

This method| allows extraction of very small samples from pastes and powders after they have been rixed
into a (homogeneous) paste. In a paste, the high concentration of solids in the liquid restricts segregation of
particles.

Small spot s

Prior to preparing the paste, prepare a dispersiqg,liquid containing suitable amounts of dispersants. Care
be taken thaf the dispersing liquid contains no dispersant particles that may interfere with the measure

mples to be used as test portions may be-obtained from a well-mixed paste made of fine pqg

wder.

shall
ment.

Place a weighed amount of solids onto aselock glass. Add a few drops of the prepared dispersing liqui¢l and

carefully kn
paste form.

formed, it shall be thoroughly mixed.

Samples ma
of the paste

This method
breakage or

d the powder to a paste. The total amount of liquid shall be such that the material is bar
are shall therefore be_taken in adding the final drops of dispersing liquid. After the pasts

y be taken fromrthe’paste either at random or systematically. In systematic sampling, the su
s divided into/parts and a sample taken from each part.

shall be‘validated by comparing it with another sample splitting method to confirm that no p3
Hissolution occurs.

Bly in
b has

rface

rticle

8.8 Suspensions

8.8.1

alllplllls

General

Suspension sampling allows preparation of very small samples (10 cm?3 or less) from suspensions and also
from powders after they have been mixed with a dispersant to give a homogeneous suspension. The
suspension shall, of course, be stable (no sedimentation) during the period of sampling.

16
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8.8.2 Sample splitting by pipette

With powders, prepare the suspension by filling a cylindrical vessel with liquid containing a suitable amount of
dispersant and add the sub-sample prepared by any of the methods described earlier. Dispersing procedures
shall be in accordance with ISO 14887. Take care that the powder is properly wetted and ensure that no
solids are left on the walls of the vessel. The vessel shall be equipped with a stirrer and with baffles to prevent
symmetrical flow during mixing. Agitate the suspension thoroughly and, while agitating, withdraw aliquots
containing the required test portion amounts using a pipette or dropping tube of an appropriate volume and
orifice diameter.

After sampling, flush the pipette with particle-free suspension liquid and add this liquid to the sample aliquot
taken-

Before reinserting the pipette in the suspension, clean the outside of the pipette.

This method is best suited for powders with a maximum particle size of about 20 pnn{o’ 40 um.| It is not well
suitedl for powders having a large variation in particle density, shape or size.

WARNING — This method may cause systematically low contents of coarse particles|if used for
powders containing coarse and/or dense particles.

The method shall be validated for all new materials.

8.8.3| Sample splitting using multiple capillary tubes

Multiple suspension samples may be obtained simultangously by permitting a dispersed sample to flow
through a set of capillary tubes spaced symmetrically in;a vessel. Typically, the capillary tubes have a bore of
0,7 mm. The sampling process may be validated by measuring the volume of particle-free susgension liquid
which comes through each capillary. The volume delevered by the capillaries to the sample rece|vers shall be
accufrate to within 2 %.

Chedgk that the suspension sampler is clean- Test the sampler, both before and after the sample splitting
opergtion, for blocked capillary tubes.T0-do this, add particle-free suspension liquid to the [sampler and
obsefve the flow of liquid from the capillaries while applying an overpressure to the sampler. If any blockage is
obsefved, clean the blocked capillaries ‘and repeat the check.

It is trﬁcommended that the sampler not be used for powders whose maximum particle size exceeds about
one-third of the capillary tulbebore.

Prepare a suitable amount (about 100 cm3) of suspension in a separate container and pour iff into a glass
vessg¢l of about 150,603 which can be tightly sealed and is equipped with a stirrer and capillary tupes attached
to its| base plater-Wash out the container, adding the washing liquid to the suspension in the plass vessel.
Makg sure that the sample receivers can receive the whole of the prepared suspension plus alll the washing
liquid. Mix_the* suspension thoroughly for 15s to 30 s. While mixing, apply a slight under-prgssure to the
sampler.to Keep the capillaries free of suspension. Place the capillary tubes in the sample receivdrs and, while
contipying to stir the suspension, split the sample by applying an over-pressure to the sampler. When splitting
is complete, thoroughty wasit the sampler.
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9 Validation

The quality of the primary sampling procedure shall be validated using the actual material and method
adopted. The standard deviation and confidence interval shall be calculated using the procedures given in 5.3
and the maximum error at the given confidence level shall be compared with the required maximum error.

The quality of the sample splitting technique(s) shall also be validated.

The simplest validation to be performed when the dry riffler splitting technique is used is a mass validation.
Measure the mass of the gross sample together with the masses of all the increments. Repeat this three times.
If the mean loss of material is larger than 1 %, or if the loss in any single experiment is more than 1,3 %, the

riffler is dee
variation in t

properly.

For a more 1|
material to
similar flowa

The results 4

sample treatinent chain.

ed t0 be not working property and this shaft be corrected before further use. tf the coeffici
he mass of the increments is larger than 1 %, then the riffler is also deemed to be notwgd

gorous validation of the sample splitting method, the method given in Annex A can-be used
e split shall be a standard reference material that has a similar particle size*distributior
ility to the material to be treated.

hall be verified against the required total variance. The results can also6 be used to desig

ent of
rking

. The
and

n the

18
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Annex A
(informative)

Calculation of variances at different stages in the sampling sequence

AA1

General

The
cove

A.2

In the
expe
Figur
used
by l/l»]
analy
squa

or, in

The
given

ariances at the different stages in the sampling sequence can be estimated by an expefim
ing either the full sequence or part of the sequence.

Full sequence

full sequence, all sub-samples taken are further sampled or analysed. The symbols x;, Xjjs X
imental values of the random variable x at the different stages of\sampling and size 2
e A.1). The notation Xije is used for the mean over £, x,,, is used for.the mean over j and
for the mean over i, j and k. The number of primary sample increments (stage denoted by
, the number of secondary sub-samples (stage denoted by '/’ij) is denoted n, and the ny
ses (stage denoted by .,/l.jk) from each sub-sample is denoted by ns. Using this notation, th

es of the measurements can be given as

Z(xlfik - x---)z = Z(xijk - xij-)z * ”3Z(xy ™ Yise )2 * ”2”3Z(xi-- R )2

ijk ijk

a shorter notation,

2
Z(xijk —x,,,) =S89 tS1tS2
ijk

Eums of squares represent estimates of the variations in the different phases of the error
in Table A.1.

Table A.1 — The estimates that the sums of squares represent

ental method

7+ denote the
nalysis (see
k, and x,,, is
) is denoted
mber of size
e sum of the

(A1)

(A.2)

hierarchy as

Sum of.squares Number of degrees of freedom

Represents an estimate of

2
S0 7 Z(xl]k _xl-.j.) I’l1}’12(}’l3 - 1) n1n2(n3 - 1)6)2
ifk
Z
519 :n3Z(xi]‘._xioo) }11(}1271) H1(H2*1)(}’l30’12+0'02)
)

S = n2n32(xioo _xooo)z (}11 - 1)

(}11 — 1)(}12}130‘22 + n30'120'02)

©I1SO
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i
l//1 J W1 n Wm m

Cir Srik C11n3 é//]'k C,,m §n11n3

Figure A.1 — Sampling sequence errors
(for meanings of symbols,'see Clause A.2)

Using Table A.1, we can obtain the equations used,for testing the statistical significance of the variandes of
the different gtages of sample preparation and division.

For the statigtical assumption that oy = 0, the'test equation is

1 /[n1 (n2 —1)}

S0 /[n1n2 (l’l3 - 1):| - F¢1'¢2 X F[n1(n2_1)]'|:”1”2(”3_1)] (A3)

where F¢1‘¢2 is the standard-F-distribution value with ¢, and ¢, degrees of freedom.

In a similar manner;atest function can be formulated for the statistical assumption that o, = 0; oy = 0. |f this
assumption ¢annot(be accepted, then

So /(7’11 - 1) _ _
Sq /[n1 (1/12 - 1):| - F¢1'¢2 B F(n171)’|:'11('1271):| (A4)

If the statistical assumption that o, = 0; o4 = 0 can be accepted, the test function is

So /(I’l1 - 1)
(SO + S1)/|il/l1 (n2n3 -1

)] - F¢1v¢2 - F(11171),[n1(n2n371ﬂ (A.5)

The latter equation should be used if the assumption of test function (A.3) is accepted.
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If neither the assumption o, = 0 nor the assumption o4 = 0 can be accepted, then estimates for the variances
of different sample treatment tasks can be evaluated by solving the equations in Table A.1.

Variances should not be estimated if the estimates prove to be without significance.

A.3 Partial sequence

In the case of a partial sequence, only a selected number of sub-samples are treated further. Let the number
of sample divisions be denoted as K; for sampling stage i and the number of sub-samples taken be »; for
stage i.

The hean value x of the random variable x is then (see Figure A.2)
1 nq np n3y
v = DD xi (A.6)
M3 52 i k=1
The ¢stimates for the variances for the stages are
nq g n3
2 1 2
2. R (A7)
nyng (n3 ‘1);:,2_;‘;( %)
TR IR
S =— X —x;) ——= (A.8)
n1 (7’!2 - 1) =1 j:1 v l”l3
and
2 2
12: 1 4 (x _fz_sz §3 (Ag)
(1/11 —1) = nop I’lzi’ls
In thgse equations
1 n3
Kij = — D ik (A10)
"3 k=1
and
1 1D
; _le.j (A.11)
112 j:1

The variance for real sequential sampling is

2 2 2
2 :K1—n1s_1+iK2—n2 S2+ 1 K3—n3s_3

o A.12
po K1—1 n4 n4 K2—1 nyp nqno K3—1 ns ( )

The test equations are the same as in full sequence calculations.
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\

Figure A.2 — Partial sampling sequence —Example in three stages
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Annex B
(informative)

Estimation of sampling errors and minimum mass of sample

B.1 General

This pnnex provides examples of how to estimate sampling errors and the minimum mass of-Sar

hple required

for a|stated precision. Generally, the total sampling error consists of two parts: a fundamental error (FE),

which is due to the particulate nature of the material, and a segregation error, which is caused by
of th¢ material. In Clause B.2 of this annex, a graph is presented which relates, in the_case of
partigle size distribution, the sample mass required for a 3 % fundamental error,inxthe quantit
largef than xgj 5 to the median particle size and the width of the distribution. Clause B.3 gives a
the dalculation of the sample mass needed for a 3 % fundamental error-when sampling
Clauge B.4 converts a fundamental error in the quantity of oversized matefial into that for the c
chargacteristic size. Clause B.5 presents an example of the calculation of the‘total sampling error
of measurements. Clause B.6 summarizes a procedure for estimating the minimum amour
(incrgment) and the minimum number of samples/increments needed. to reach a given precisio
valug in a particle size distribution. Equations and background afe given in the main text of this
Stanglard and in References [1], [2], [3], [4], [5], [7], [8], [9] and [10Q].

B.2 |Graphical representation of sample mass required for a fundamental e
In Fi
funda
of the
mate
mas§
partid

jure B.1, the lines indicate, for a log-normal ‘size distribution, the sample mass require

 distribution. The width of the distribution is expressed as the ratio between xgj 53 and x
fial is assumed to have a true density-6f 1 000 kg/m3. Figure B.1 gives a quick indication g
required to obtain an FE of 3 % in'the amount above xq 3, provided that an adequate es
le size distribution is available:
Figure B.1 also illustrates the (Considerable increase in the required sample mass as the particl
the W
1 ug;
1 00(

for millimetre-sizedCparticles it is about 0,1 kg to 1 kg. For materials having a true densit

kg/m3, the samplesmass has to be multiplied by the known particle density divided by 1 000.

segregation
a log-normal
y of material
h example of
hlass beads.
brresponding
from a series
t of sample
n for a given
International

ror of 3 %

|l to reach a

mental error of 3 % in a quantity of material larger than xgj 3 in relation to the median size and the width

0,3, and the
f the sample
timate of the

b size and/or

idth of the size distribation increases. In the sub-micrometre region, the minimum sample mass is about

higher than
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Y
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1 ——
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/
- /
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10° 10 102
Y i X90,3/10.3
Key

Y samplem

Figure H

hss required (g)

B.3 Exam
sampling

This example illustrates a precedure for the calculation of the sample mass required to reach a

8.1 — Graphical representation of'sample mass required for a fundamental error of 3 ¢

ple of the calculation of the sample mass needed to obtain a 3 % FE wh

glass beads

dtated

precision for|the FE in a quantity of material larger than a stated characteristic size in a size distribution| The
example uses a precision (coefficient of variation) of 3 % for the fundamental error and xgp3 @

characteristi¢ size. Other'values may be chosen.

5 the

It is assumgd that the variance of the fundamental error and the number of particles ng are relatgd in
ithhPoisson statistics [see Equation (2)]:

accordance

Var(ng) = 0'(110)2 =ng

O'(no) = \/(”o)

and

CV(ng) = [100V(ng)ling %

CV(ng) = 100(ng) %

Thus, for a precision of 3 %, the number of particles greater than xgq 5 will require ng =1 111.
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