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Foreword

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

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

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

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the meaning of ISO specific terms and expressions related to conformity
assessment, as well as informatiomdbotit ISO’s ddherenceto the WTOprinciplesjin the Technical Barriers
to Trade (TBT), see the following URL: Foreword — Supplementary information.

The committee responsible for this document is' ISO/TC 24, Particle characterization including sieving,
Subcommittee SC 4, Particle characterization.

IS0 13317 consists of the followingpartsjunderithe general titleDetermination-of particle size distribution
by gravitational liquid sedimentation methods:

— Part 1: General principles and guidelines
— Part 2: Fixed pipette method
— Part 3: X-ray gravitational technique

— Part 4: Balance method

iv © ISO 2014 - All rights reserved
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Introduction

This document is a part of the ISO 13317 series. It describes a method to determine particle size
distribution by use of the mass of particles deposited at a balance. This method is based on a direct mass
measurement and gives immediately the mass-based distribution of particle diameter. This method
does not use any fitting parameters. The results obtained are Stokes diameters.

© IS0 2014 - All rights reserved v
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Determination of particle size distribution by gravitational
liquid sedimentation methods —

Part 4:
Balance method

1 Scope

This part of ISO 13317 specifies the method for the determination of particle size distribution by the
mass of particles settlingunder gravity in liquid. This method is based on a direct mass measurementand
gives the mass distribution of equivalent spherical particle diameter. Typically, the gravitational liquid
sedimentation method applies to samplesin the 1 um to 100 um size range and where the sedimentation
condition for particle Reynolds number less than 0,25 is satisfied.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application:yFor dated references,jonly ithe jedition cited applies. For undated
references, the latest edition of'the referenced document (including any amendments) applies.

IS0 9276-1, Representation of results of particle size‘analysis < Part 1: Graphical representation

ISO 13317-1, Determination of particle sizedistribution.by gravitational liquid sedimentation methods —
Part 1: General principles.and guidelines

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

ISO 14488, Particulate materials — Sampling and sample splitting for the determination of particulate
properties

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 13317-1 and the following
apply.

3.1
apparent particle density
particle mass divided by the volume it would occupy including all internal pores

© ISO 2014 - All rights reserved 1
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4 Symbols
For the purposes of this part of ISO 13317, the following symbols apply.

Quantity Symbol Unit Derivative Unit
Mass of dispersion medium my kg —
Maximum amount of sample same as the firstline ms kg —
Apparent particle density Ds kg - m-3
Liquid density %) kg - m-3
Cumulative mass for particle diameter greater than x; M; kg
Total mass of particles Mmax kg
Sedirr_lentation time for particle having a diameter x; bt s .
and time, respectively v
Particle diameter Xj m —
Liquid viscosity n Pa-s
Sedimentation distance h m
Gravity acceleration g m - s2
Cumulative distribution by mass for particle diameter x; Q3. dimensionless —
Sedimentation mass at time t; ahditend, reSpectively GEinGéha kg —
Particle diameter corresponding to time t required tq
move distance h f m o
Maximum particle diameter Xmax m —
Sedimentation velocity v{x) m sl
Response function : gtx) dimensionless —
Distribution density by mass q3(x) m-1
Distribution density by mass at time ¢; q3,i(x) m-1
Parameter defined by Formula (A.6) yi(K) dimensionless —

5 Principle of Method

This method is based on particle settling in a gravitational field and uniformly dispersed particles at
start (homogeneous technique). The relationship between settling velocity v, that means the time ¢
required to settle the distance h, is defined by the following formula according to Stokes law.

V=

2
?:(ps—pl)gx W

18n

From Formula (1), the Stokes diameter x is directly obtained.

f 18nh
S et A 2
¥ (ps_pl)gt ( )

The above formulae can be applied for Reynolds numbers of sedimenting particles less than 0,25. The
determinationofthe particlesize by gravitational sedimentationisacumulative method (see SO 13317-1).
In this case, the method determines the rate at which solid particles settle from the suspension in a
known volume of cylindrical vessel to a given distance. The mass of particles settled at time ¢ is summed
up from the mass of all particles of a diameter greater than x and in part of particles of diameters less
than x. This method does not use any fitting parameters to obtain particle size distribution.

2 © ISO 2014 - All rights reserved



1SO 13317-4:2014(E)

6 Measurement apparatus
a) Measurement apparatus to obtain the mass of the sediment

The apparatus measures continuously the increase of the mass of the particles sedimented out from
the suspension. The apparatus shown in Figure 1 a) typically consists of a sedimentation container
and mass measuring system (see Reference [2]). Figure 1 b) shows other type of sedimentation tray
(see Reference [3]). For the mass measurement apparatus (electronic balance), detection precision shall
be at least 1 % of the total mass of particles in the detection tray.
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a) b)
Key
1  controller 7  main inlet pipe
2 stirrer 8 Dbypass
3  dispersion bath 9 sedimentation container
4  valve 10 detection tray
5 precision electronic balance 11 personal computer
6  glove box

Figure 1 — Measurement apparatus — Sedimentation balance for particles in liquid

b) Sedimentation bath

A typical sedimentation bath is shown in Figure 2. The detection tray has a cylindrical side wall and
the clearance between the side wall of the tray and sedimentation bath shall be large enough to avoid
interaction between them. Dimensions for the tray are shown in Figure 2. The following ratios should

apply:
— 0,88<h/d,<1,15, 1,15<h, /d, <1,48;
— 0,43<d,/d,<0,71, 0,61<hy /d,<0,90.

© ISO 2014 - All rights reserved 3
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Figure 2 — Detection container

c) Dispersion bath

In the bath, the particles have to be dispersed before measurement and the dispersion state has to be
checked (see ISO 14887).

d) Measuring system

Figure 1 shows a schematic diagram of the measuring system. By use of a time-controlled valve (key
4), a precision electronic balance (key 5), and a personal computer (key 11), the cumulative mass of the
sediment on the tray is automatically recorded.

7 Measuring method

7.1 Measurement of density

The apparent particle density for the setting shall be measured (refer to ISO 13317-1:2001, 5.4).

7.2 Preparation method of suspension

Arepresentative sample according to ISO 14488 shall be dispersed according to ISO 14887 in a dispersion
medium.

7.2.1 Dispersion medium

When the test particles are not well dispersed by the dispersion medium, it is necessary to use a suitable
dispersing agent. In this case, the dispersion medium should satisfy the following requirements.

a) Viscosity of the dispersion medium has to be in a suitable range regarding the sedimentation time.

4 © ISO 2014 - All rights reserved



1SO 13317-4:2014(E)

b) Flocculation and agglomeration shall be avoided also during sedimentation process.

c) In the dispersion medium, the solid phase shall be insoluble, chemically and hydro-dynamically
stable, and not change its volume.

d) Avoid using volatile liquid as sedimentation medium.

7.2.2 Suspension

A suitable amount of test particles, dispersion medium, and if necessary, a dispersion agent shall be well
mixed in the dispersion bath.

The volume concentration of test particles in the dispersion medium should be less than 0,1 %. At higher
volume concentrations, the hindrance function accounting for the hydrodynamic hindered settling
effect has to be taken into account. Particle settling velocity reads:

_h_(ps—py)gx*
T 1e) ©)

where f(€) is the sample specific hindrance function (see ISO 13317-1) and ¢ is liquid volume fraction
defined by

_ (1_W)ps 1
Cmow)p. Y @

The values of ¢ and w are particle volume fraction and mass fraction, respectively.

7.3 Measurement
The following procedures shall be performed to take a measurement.

a) Have the dispersion medium"prepared. The temperature of the dispersion medium should be
constant during the preparation and measurement (see Annex A). Initial particle mass of W gram
is given into a small beaker and 10 cm3 of dispersion medium is directly added to the test particles
and well mixed to prepare a pre-suspension. After adding the appropriate amount of dispersing
medium, the supersonic vibration is applied to the pre-suspension. Finally the necessary amount
of dispersion medium has to be added, and the suspension has to be well mixed. After stirring of
the suspension, it is supplied to the sedimentation bath and the measurement is started. During the
preparation and the supply of the suspension to the dispersion bath, air bubbles shall be avoided.

b) The measurement is stopped when all particles are settled down and the mass of sediment shows
no further increase. In the case that fines are still suspended in the dispersion, the suspension is
sampled with a siphon. After drying the suspension, the mass of the fines is determined.

© IS0 2014 - All rights reserved 5
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