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

Zeta potential is a parameter that can be used to predict the long term stability of suspensions and
emulsions, and to study surface morphology and surface adsorption of particles and other surfaces
in contact with a liquid. Zeta potential is not a directly measurable parameter. It can be determined
using appropriate theoretical models from experimentally determined parameters, which depend on
electric charge separation at interfaces. “Electrokinetic phenomena” encompass such experimentally
observed effects. A group of electrokinetic phenomena at high frequency on MHz scale is referred to
as “electroacoustics”.[1] Each classical electrokinetic phenomenon at DC or low AC conditions has
electroacoustic analogue. These electroacoustic phenomena have been widely used to determine
eledtrophoretic mobility of various concentrated particulates without sample dilution. The [purpose of
thig part of ISO 13099 in methods for Zeta potential determination is description of genherjal features
of quch electroacoustic methods that should be common for all instrumental implemeptation for
megsuring electrophoretic mobility using electroacoustics and following calculation’ of zetp potential
of particulates.

© IS0 2014 - All rights reserved v
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1 (Scope

Thip part of ISO 13099 describes in general electroacoustic effects that can be defined as high
eledtrokinetic phenomena.

Parficular attention is given to two methods of measurement of electrophoretic mobility ¢f particles
suspended in a liquid at high concentration above 1 % v/v, colloid vibration current (CVI)[2] g
sonfc amplitude (ESA),[3] [4] respectively.

Estjmation of surface charge and determination of zeta potential can be achieved from
eledtrophoretic mobility using proper theoretical models, which'are described in detail in IS
2 |Normative references

The following documents, in whole or in part, aré<hormatively referenced in this docums
indispensable for its application. For dated reférences, only the edition cited applies. For undated
refgrences, the latest edition of the referenced\document (including any amendments) appligs.
[SO|13099-1, Colloidal systems — Methods for zeta-potential determination — Part 1: Electroq
eledtrokinetic phenomena

[SO|13099-2, Colloidal systems — Methods for zeta-potential determination — Part 2: Optical 1
3 |Terms, definitions(and symbols

For|the purposes of thisdocument, the following terms and definitions apply.

3.1 Electric double layer (EDL)

The electrie double layer (EDL) is a spatial distribution of electric charges that appears on
vicipity efthe surface of an object when it is placed in contact with a liquid.

3.1

Debye-Hiickel approximation
model assuming small electric potentials in the electric double layer

3.1.

2

Debye length

Kl

characteristic length of the electric double layer in an electrolyte solution

Note 1 to entry: The Debye length is expressed in nanometres.
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3.1.3

diffusion coefficient

D

mean squared displacement of a particle per unit time

Note 1 to entry: The diffusion coefficient is expressed in metre squared per second.

3.14

Dukhin number

Du

dimensionless number which characterizes contribution of the surface conductivity in electrokinetic

and electrd
systems

3.1.5
dynamic v

n
ratio of theg

iscosity

applied shear stress and the rate of shear of a liquid

Note 1 to enftry: For the purpose of this part of ISO 13099, dynamic viscosity is used as‘aimeasure of resistan

a fluid whic

h is being deformed by shear stress.

Note 2 to e:]:ry: Dynamic viscosity determines the dynamics of an incompressible'Newtonian fluid.

Note3toe

3.1.6
electric su
o
chargeson
of the surf:

ry: Dynamic viscosity is expressed in pascal seconds.

rface charge density

interface per area due to specific adsorption ofions from the liquid bulk, or due to dissocia
ice groups

Note 1 to enftry: Electric surface charge density is expressed in coulombs per square metre.

3.1.7

electric su
s
difference

rface potential

n electric potential between the surface and the bulk liquid

Note 1 to enftry: Electric surface patential is expressed in volts.

3.1.8

{ -potenti
electrokin
zeta potern

4

difference

hl

etic potential
tial

nrelectric potential between that at the slipping plane and that of the bulk liquid

acoustic phenomena, as well as in conductivity and dielectric permittivity of heterogeng

Note 1 to entry: Electrokinetic potential is expressed in volts.

3.19

Gouy-Chapman-Stern model
model describing the electric double layer

3.1.10

isoelectric point
condition of liquid medium, usually the value of pH, that corresponds to zero zeta-potential of dispersed

particles

ous

e of

fion
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3.1.11

slipping plane

shear plane

abstract plane in the vicinity of the liquid/solid interface where liquid starts to slide relative to the
surface under influence of a shear stress

3.1.12

Stern potential

wd

electric potential on the external boundary of the layer of specifically adsorbed ions

Note¢ 1 to entry: Stern potential is expressed in volts.

3.2| Electrokinetic phenomena

Note 1 to entry Electrokinetic phenomena are associated with tangential liquid motion)adjacent tp a charged
surflace.

3.211
ele¢troosmosis
motion of liquid through or past a charged surface, e.g. an immobilized set of particles, a poious plug, a
capjllary or a membrane, in response to an applied electric field, which is the result of the fofce exerted
by the applied field on the countercharge ions in the liquid

3.212
ele¢troosmotic counter-pressure

Apep
pregsure difference that is applied across the system'to stop the electroosmotic flow

Notg 1 to entry: The electroosmotic counter-pressur€value is positive if the high pressure is on the higher electric
pote¢ntial side.

Note 2 to entry: Electroosmotic counter-pressure is expressed in pascals.

3.2{3
ele¢troosmotic velocity

Veo
uniform velocity of the liquid)far from the charged interface

Note 1 to entry: Electroasniotic velocity is expressed in metres per second.

3.24

ele¢trophoresis
moyement of-charged colloidal particles or polyelectrolytes, immersed in a liquid, under thg influence
of an externalelectric field

3.2{5

ele 'hr-nph oreticmaobil ify

u
electrophoretic velocity per unit electric field strength

Note 1 to entry: Electrophoretic mobility is positive if the particles move toward lower potential (negative
electrode) and negative in the opposite case.

Note 2 to entry: Electrophoretic mobility is expressed in metres squared per volt second.

3.2.6

electrophoretic velocity

Ve

particle velocity during electrophoresis

Note 1 to entry: Electrophoretic velocity is expressed in metres per second.

© ISO 2014 - All rights reserved 3
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3.2.7
sedimentation potential

Used
potential difference sensed by two electrodes placed some vertical distance apart in a suspension in

which particles are sedimenting under the effect of gravity

Note 1to entry: When the sedimentation is produced by a centrifugal field, the phenomenon is called centrifugation
potential.

Note 2 to entry: Sedimentation potential is expressed in volts.

3.2.8
streaming current

Istr
current thfough a porous body resulting from the motion of fluid under an applied pressure gradient

Note 1 to enftry: Streaming current is expressed in amperes.

3.29
streaming current density

] str

streaming current per area

Note 1 to enftry: Streaming current density is expressed in coulombs per square metre.

3.2.10
streaming potential
Ustr
potential difference at zero electric current, caused by the flow of liquid under a pressure gradjent
through a ¢apillary, plug, diaphragm, or membrane

Note 1 to erjtry: Streaming potentials are created by charge accumulation caused by the flow of counterchafges
inside capillaries or pores.

Note 2 to enftry: Streaming potential is expressedin volts.

3.2.11
surface conductivity
Ko
excess eledtrical conduction tar{gential to a charged surface

Note 1 to enftry: Surface condtetivity is expressed in siemens.

3.3 Electroacousticphenomena

a liquid thdt contains ions. Either of these fields can be primary driving forces. Liquid might be a simpple
Newtonian liguid or complex heterogeneous dispersion, emulsion, or even a porous body. There|are
several different electroacoustic effects, depending on the nature of the liquid and type of the driving
force.

Electroacopsticqphenomena arise due to the coupling between the ultrasound field and electric fie'lF in

3.31

colloid vibration current

CVI

a.c. current generated between two electrodes, placed in a dispersion, if the latter is subjected to an
ultrasonic field

Note 1 to entry: Colloid vibration current is expressed in amperes.

4 © ISO 2014 - All rights reserved
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3.3.2

colloid vibration potential

Cvu

a.c. potential difference generated between two electrodes, placed in a dispersion, if the latter is
subjected to an ultrasonic field

Note 1 to entry: Colloid vibration potential is expressed in volts.

3.3.3

electrokinetic sonic amplitude
ESA

amplitude is created by an a.c. electric field in a dispersion with electric field strength, |E; it is the
coupterpart of the colloid vibration potential method

Not¢ 1 to entry: See References [3] and [4].
Note 2 to entry: Electrokinetic sonic amplitude is expressed in pascals.

3.3/4

ion|vibration current
IVI
a.c.|electric current created from different displacement amplitudes.in an ultrasound wave{ due to the
difference in the effective mass or friction coefficient between afion and cation

Not¢ 1 to entry: See Reference [5].

Note¢ 2 to entry: Ion vibration current is expressed in amperes;.

3.3]5
seigmoelectric effect
SEI
nontisochoric streaming current that arises, in a porous body when an ultrasound wave propagates
thrpugh

Notg 1 to entry: See References [6] and([Z}:

Not¢ 2 to entry: A similar effect can'be observed at a non-porous surface, when sound is bounced off 4t an oblique
angle.[11]

Note 3 to entry: Seismoelectyic effect is expressed in amperes.

3.3l6
ele¢troseismic effect
ESI
non-isochoric\electroosmotic pressure wave that arises in a porous body under influerjce of high
frequency-electric field

Not¢ Lto'entry: See References [6] and [7Z].

Note 2 to entry: Electroseismic effect is expressed in pascals.

3.3.7
dynamic electrophoretic mobility

Hd
electrophoretic velocity per unit electric field strength in high frequency (MHz) electric field

Note 1 to entry: Traditional electrophoretic mobility is low frequency asymptotic of the dynamic electrophoretic
mobility.

Note 2 to entry: Electrophoretic mobility is expressed in metres squared per volt second.

© IS0 2014 - All rights reserved 5
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4 Symbols

a particle radius

c electrolyte concentration in the bulk
D4 diffusion coefficient of cations

D. diffusion coefficient of anions

Deff effective diffusion coefficient of the electrolyte
Du Dukhin number

e elementary electric charge

F Faraday constant

Km conductivity of the dispersion medium
Kp conductivity of the dispersed particle
K conductivity of the dispersion

Ko surface conductivity

kg Boltzmann constant

m parameter characterizing electroosmotic flow contribution to surface conductivity
Np Avogadro’s number

P pressure

R ideal gas constant

r radial distance from the particle centre
T absolute temperature

Ust streaming potential

U electrophoretic mobility

Ud dynami€ electrophoretic mobility

X distance from the particle surface

VA acoustic impedance

Zj valence of the ith ion species

Z+ valences of the cations and anions

&m relative permittivity of the medium

Ep relative permittivity of the particle

£0 vacuum permittivity

n dynamic viscosity

6 © ISO 2014 - All rights reserved
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volume fraction
reciprocal Debye length
medium density
particle density

density of the dispersion

electric charge density of the diffuse layer

WM

Whd

¥

wd

Any
ach

The
eled
(sed

electric surface charge density
rotational frequency

7 Maxwell-Wagner relaxation frequency
critical frequency of hydrodynamic relaxation

electrokinetic potential, zeta potential

) electric potential in the double layer
Stern potential

drag coefficient

Principle

instrument designed for characterizing ¢ -potential should contain three essential comj
eving three distinctive purposes.

means for generating motion of the liquid phase relative to the dispersed phase (eith
liquid);

means for monitoring response induced by such motion;
means for calculating/{ -potential from the measured response.

first purpose-s-dsually achieved by manipulating one of the two fields that are resp
trokinetic phenomena (electrical and mechanical). For instance, in optical electrophoret]
ISO 13099-2) an electric field generates mechanical motion of particles relative to the

fiel

is usually constant in time or oscillates with low frequency up to KHz range.

Simfilarly,'one can go to a higher frequency electric field (MHz range) for generating relat
of phases. There is a special term for such high frequency electrophoresis (electric sonic

ponents for

er solid or

onsible for
ic methods
iquid. This

ive motion

amplitude

reflecting the fact that the wave nature of the mechanical motion at such high frequency becomes
dominant). This mechanic effect is an ultrasound wave. There is also a reversible effect: propagation of
an ultrasound wave though the concentrated particulate system generates an oscillating electric field
and related current (colloid vibration current). These effects are symmetrical according to the Onsager
principle.[8] Both of them can be used for generating a relative motion of phases. The field used for such
purposes is called “driving force”.

The second purpose of monitoring relative phase motion is often achieved by optical means as described
in ISO 3099-2.

[tturns outthatatahigh frequencyrange, thereisnoneed touse anadditional “monitoring” field. Instead,
the field complimentary to the driving force can be measured. If the electric field is the driving force,

© IS0 2014 - All rights reserved
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then the ultrasound response can be measured using the ESA method. Alternatively, if an ultrasound
wave is the driving force then electric current can be measured using the CVI mode.

Both these methods yield raw experimental data for calculating electrophoretic mobility from the
magnitude of the response field and sign of the surface charge from its phase. This electrophoretic
mobility becomes frequency-dependent due to a number of factors. There are well verified theories for
extracting {-potential from such “dynamic electrophoretic mobility” described in ISO 13099-1. The

simplest one is practically identical to the well-known Smoluchowski theory that usually serves as the

basis for optical methods.[9]

There are no known advantages of one electroacoustic method over the other.

Electroaco
liquid as w!
Seismoeled

listic phenomena exist not only in particulates systems but in porous materials saturated y
b11. There are two known electroacoustic effects in porous media introduced by Fremnkel.[§
tric effect is a high frequency analogy of the streaming current/potential. Electroseig

effectis a hligh frequency analogy of electroosmosis. Annex A presents the relationship bétween class

electroking

Electroaco
is still at t
particulate

All electro

btic effects and high frequency electroacoustics.

vith
] [7]
mic
ical

istics effects in porous materials can be measured with modern deyices,[10] [11] [12] byit it

he stage of research. This part of ISO 3099 is dedicated to the electroacoustic method|
s only.

hcoustic instruments that have been designed to date are built as a probe. Such probe de

includes elements for generating (measuring) ultrasound and elements for generating (measur
d (current). There are common features for all existing instruments, presented in the fext

electric fie
section.

6 Zeta]

An electro
frequency.

potential probe design elements

hcoustic instrument contains an electronic block that generates electric pulses of cer
A pulse technique is an essential feature of all electroacoustic instruments. The freque

range of these pulses is from 1 MHz to 20 MHz,

The same
generated

block is used for analysing either electric (CVI mode) or ultrasound (ESA mode) pu
by a sample in response to the initial driving pulse.

S in

ign
ng)

fain
ncy

[ses

[ses
ices
hall
des

The electr¢nic block is supplied withra probe that contains elements required for transmitting pu
to the sample and receiving generated response. Such a sensing probe contains piezo-electric dev|
which are gble to convert electric energy into ultrasound and vice versa. All piezo-electric devices s
contain a delay rod that separates pulses in time. There shall be also an additional insert that prov
for matching of acousticimpedances between the probe and a sample.

There is a|so a system of two electrodes used either for launching electric pulse in the sampl¢ or

measuring|electric-résponse.

An initial

lectrlc pulse can be apphed dlrectly to the dlspersed system for generatlng relatlve p}

electric device. This approach is used in the ESA mode.

The CVI approach uses a piezo-electric device first, converting the initial electric pulses into ultrasound
that then are launched into the dispersed system. This ultrasound generates a relative phase motion and
electric current that is then measured with the electrode system.

7 Determination of the dynamic electrophoretic mobility

Electroacoustic devices measure the magnitude and phase of the electroacoustic signal, which might
be either ESA or CVI depending on the nature of the driving force. This is the raw experimental data
that might vary for different instruments. It shall be converted to some other parameters that would
be universal for all instruments and methods. Such a parameter was suggested by O’Brienl4] and is

8 © ISO 2014 - All rights reserved
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currently in use in all electroacoustic devices (“dynamic electrophoretic mobility”). This parameter
(mq) is the generalization of the electrophoretic mobility concept for high frequency oscillating particle
motion.

According to the O’Brien relationship, the average dynamic electrophoretic mobility, g, is defined as:

Pm 1
ta=(Agsa or Acy) [ 4y
0(pp—pm) |LA(@)F(Z)
where

Agsaand Acy;  are the magnitudes of ESA and CVI electroacoustic signals normalized«with cor-
responding driving forces;

A(w) is an instrument constant found by calibration;

F(Z) is a function of the acoustic impedances of the transducer'and the dispgrsion
under investigation describing reflection of ultrasound en the surface df the elec-
troacoustic probe.

The densities of the medium and particles, p, and py, are required, as well as the volume|fraction of
particles ¢.

Accprding to O’'Brien, a complete functional dependence of‘electroacoustics on key parametg¢rs, such as
zetq potential, particle size and frequency, is incorporated into the dynamic electrophoretjc mobility.

For
eled
Thi
eled

7.1
Ele

by particles and signal produced:by ions. Historically, the electroacoustic signal from ions w

eled

Thd
can
Inct

of i
And
sigr
Sys

dpnic background:

all considered cases, the coefficient of proportiondlity between electroacoustic signal af
trophoretic mobility is frequency independent and independent of particle size and zet
5 feature makes the dynamic electrophoreticiimobility an important and central paramn

d dynamic
W potential.
eter of the

troacoustic theory. It can be used for comparing results produced by different instruments.

Subtracting background electreacoustic signal generated by ions
troacoustic probes measure the'tetal electroacoustic signal, which is the sum of the signa

troacoustic effect predictéd theoretically by Debye in 1933.[5]

electroacoustic signahfrom ions is normally much smaller than the signal produced by p3
be neglected. Its ¥olé increases with increasing ionic strength due to a larger numh

1 produced
as the first

rticles and
er of ions.

easing ionic stréngth causes a decay in {-potential, which also enhances the relative c¢ntribution

ther facton that controls relative contribution of ions and particles in the measured elec

roacoustic

al is the'volume fraction of particles. The contribution from ions becomes more importapnt in dilute

emS_due to the smaller particles contribution.

Th

NEXt factor 15 particte size- increasing particie size teads toa reduction of the partictesT

which, in turn, amplifies the role of the ionic background.

The last factor is density contrast that also affects particles contribution.

ntribution

It is impossible to provide exact thresholds for individual parameters because the total effect depends
on multiplicative contributions of individual factors. It is possible to provide approximate values for
individual parameters causing sufficient reduction of the particles contribution for making ionic
background important. These empirical thresholds are: ionic strength exceeding 0,1 M, volume fraction
below 1 %, particle size above 10 microns, and density contrast below 0,1.

The electroacoustic signal generated by equilibrium supernate should be measured if one of the
mentioned above parameters is below the specified threshold. It is quite possible that large values of

© IS0 2014 - All rights reserved
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some parameters would compensate for low value of others and the particles contribution would still be
much larger than the ionic background.

If the ionic background signal becomes comparable with total measured electroacoustic signal for a
particular sample, then it shall be subtracted. This subtraction is not trivial due to the fact that both
electroacoustic signals (total and ionic background) are vectors, which is the usual presentation of AC

electric effects.

8 Calculation of zeta potential

8.1 Gen

Dynamic e
degree of t
in aqueous
That is wh
even atrat
volume fra

Dover =

Parameter,
applicabilif

Nevertheld
size thatle

Overlap of
in non-pols

There are glynamic electrophoretic mobility théories for both isolated and overlapped double layery.

Overlap of]

bral

ectrophoretic mobility, same as classical electrophoretic mobility, depends first df|all on
e individual particles or pores double layers interaction. This interaction is usually' neglig
solutions due to a very small Debye length, k1, as compared to the particle size dimensid
y double layers in aqueous solutions are usually assumed to be isolated ahd ot interact]
ner high volume fraction of particles ¢.1SO 13099-1 contains the followingformula for crit
ction, @over, that limits the range of isolated double layers model.

0,52
[1+(1/ ica)]3

y of the isolated double layers model is also high and this limitation is not very importan

ss, this factor might become more important foraiano-dispersions due to the small part
nds to xa decay. In fact, this is valid for classical electrokinetics as well.

the particle double layer becomes much more important in non-aqueous systems, especi
r ones where Debye length becomes much large due to the low ionic strength.

double layers is just one of the mechanisms that affect particle dynamic electrophor

mobility due to their interaction. Particles generate hydrodynamic and electric fields when t

participate
affect moti
Otherwise

8.2

in electroacoustic phenomena, as well as in the classical electrokinetic one. These fields cd
on of neighbouring partieles. Electroacoustic theory shall take into account this interact
it would be valid onlyfor dilute systems, where such interactions are negligible.

Isolqted double Jayers

Where thq
{ -potenti

re are isolated double layers, dynamic electrophoretic mobility is proportional to
, similarly to the classical electrophoretic mobility. There are several theories alloy

calculatior] ofthé ¢ -potential from the dynamic electrophoretic mobility. They are valid for diffe
ranges of deveral parameters, such as ka, surface conductivity, volume fraction, particle conductiy

the
ible
na.
ing,
ical

(2)

Kka, is usually quite large in aqueous solutions. As a result/ critical volume fraction that lifnits

t.

icle

ally

etic
hey
uld
ion.

the
ring
fent

ity.

Some of them take into account particles interaction (others do not), which would limit the volume
fraction range of applicability.

8.2.1 O’Brien theory for dilute systems

The electroacoustic theory for dilute systems with negligible particle-particle interaction is valid for
spherical particles only but with no restriction on the particle size. It is called the “O’Brien theory for

10
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dynamic electrophoretic mobility”[4]. It yields the following expression for the dynamic electrophoretic
mobility:

s2a
and
effe

EDI]

For

F(w
at h

par

eled

Nei
to

mobility would depend only on those factors that are taken into account by Smoluchowski
eleg
frag

8.2

It i

for

intq
modle:

Thi

_ 2e0eC G
3n

(s)[1+F(a)’)]

3

(4)

Ind w'are two factors that determine the frequency dependewnce of dynamic electrophoref
j is the square root of -1. The factor G(s), reflects the frequency dependence related with

cts, whereas the factor F(w'), represents the influence of the Maxwell-Wagner polarizs
J[13] [14]

aqueous colloids, the inertia factor, G(s), plays a mote€ important role than the EDL polarizg
)- The inertia factor dramatically reduces the magnitude of the dynamic mobility of larg
igh frequencies. In addition to reducing the ;amplitude, the inertia factor also causes ¢

trophoretic mobility. This phase shift réaches a maximum value of 45° at the high frequd

her of these two factors is important at low frequency when the G(s) and F(w') factor
| and 0,5 respectively. This means that at sufficiently low frequency, dynamic elect

trophoresis. It is known/that Smoluchowski theory for electrophoresis is valid for 4
tion, any shape of the particles. That is why Smoluchowski theory is so popular.

2 Smoluchowski-theory for CVI in concentrates, including particles interaction

important to have Smoluchowski theory for electroacoustics as well. Such theory was
CVI mode.[2)-This theory effectively takes into account particles hydrodynamic and elect]
ractionsltyields the following expression for the dynamic electrophoretic mobility meas

(5)

ic mobility
the inertia
tion of the

tion factor,
b1 particles
lag in the

Ficle motion relative to the external driving force, and this interposes a phase shift on the dynamic

ncy limit.

5 approach
rophoretic
theory for
ny volume

developed
rodynamic
ired in CVI

K (pp-

s theory was verified with the equilibrium dilution experiment, see Annex B.

(6)

It is more limited than Smoluchowski theory for electrophoresis. There are two critical frequencies
that determine the valid range of this theory. The critical frequency of hydrodynamic relaxation (wnq)

©IS
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determines the range of the particle inertia and that of the factor G(s) influence. This factor becomes
negligible when frequency w satisfies the following condition:

O<<Wpg=

2 (7)

Pmd

This condition is valid for particles with sizes under 300 nm assuming that the frequency is 1 MHz. This
critical size increases with decreasing density contrast and becomes much higher for emulsions and soft
particles.

The critical frequency of EDL electric polarization wyw presents a frequency range where the second

factor, fung

tion F(w"), becomes negligible:

K

O<< Oy =—2 8
W= e (8)
Both theorjies presented above have been derived assuming a thin double layer:
Kka>>1,

(9)
and a negligible contribution of the surface conductivity, expressed in terms of small Dulthin
number:[1{2] [3] [4] [5] [6] [Z] [8]

Du<<1 10)
The theory| given in 8.2.3 eliminates restriction specified with Formula (10).
8.2.3 CV] theory in polydisperse concentrates with surface conductivity and particles interag-
tion
There is alqo version of CVItheory that takes into account particles interaction and eliminates restricfion
on the Dukhin number, see Reference [15].
i 9psPih(si) 3
=\ 3H. 2+¢+2Du;(1-¢)
i=t 4]¢(1—¢)511(51){pp —pm|:21 14 :|}
.ud=2£ mgog(ps_pm)ps _ (Si) _ (11)
30(Pp—Pm)Pm 3H 11 “
N i
1_&2 _Zl(si) |
o5 3H; 4
where

Index i corresponds to fraction with size a in polydisperse system with N fractions.

Duj = k0 / Ky aj is the Dukhin number for the ith fraction of the polydisperse colloid.

Si = aj \/a)pm /21, and special functions h, H, and I are given in Section 2.5.2 of Reference [2].

It is assumed that all fractions have the same {-potential .

This theory was verified with the equilibrium dilution experiment, see Annex B.
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8.2.4 ESA theories for concentrates with particles interaction

There are several papers of the same type and about the same range of parameters[1Z] [18] [19] dedicated
to the ESA effect in concentrated dispersions.

8.3

Overlapped double layers

Both theories mentioned above assume isolated non-overlapped DLs. This condition might not be valid
in concentrated systems, especially with nano-size range and/or low ionic strength. There is a theory

dev

eloped for overlapped DLs.[16] It exists so far only for the CVI mode:

wh

Qis
par
It i

med
to k

9

9.1

9.1
Thd
Me(

20a Pm
3nQ2

g = ¢
ps+iw(1—¢);pppm

bre

e

2a°

4

ficles interaction.

important to stress that this approximation of the electroeacoustic method makes pos
isurement of the electrokinetic charge in nano-colloids:and non-polar dispersions witho
now the Debye length.

Operational procedures
Requirements

1 Instrument location
instrument should be located.in a clean environment that is free from excessive electric

hanical vibrations are gotimportant.

Tenjperature fluctuations’are important. It is desirable to prevent temperature variation

dur]

9.1

ing measurement.périod for maintaining specified precision level.

2 Samplehandling

Sanpples _cambe stirred, mixed, or pumped for eliminating the possible sedimentation inf|

ens

irestability of results. Otherwise, there is not general requirement for sample being agit

(12)

(13)

a drag coefficient introduced according to the Stokes law, F =67r1a€2v, and reflecting hydjrodynamic

ible direct
it the need

h] noise.

t over 1 °C

luence and
ated.

Bu

1.1 | PRy o of i 1 1 4] e 1 N 1 o |
UITS UU TIUT AITTUTTTTSUILS UIIITSS LIITY dI'T dlldllITU LU TITTLT UUTS.

The electrophoretic mobility measured in a sample is only valid for a batch of material if the test sample
is representative for that batch.

9.1.3 Preparation

Sample can be measured without dilution.

Samples exhibiting sedimentation and deposit formation shall be homogenized before the measurement.

© IS0 2014 - All rights reserved

13


https://standardsiso.com/api/?name=ed81ede28ecf86959733b782670cecb1

IS0 13099-3:2014(E)

9.1.4 Sample volume fraction requirement

Sample volume fraction should be above 1 % v/v. Contribution of particles exceeds contribution of ions
and precision of the measurement.

9.2 Verification

9.2.1 Reference materials

Electroacoustic instruments perform better for systems with higher density contrast. That is why

traditional
Reference

fatexstandardsare notappropriate for verifyingand caltbratimg electroacoustic INSIrumeg
materials are used in two different stages of the measurement process:

: Reference materials used for calibration should meet the requirements speeified

Calibratio|
certified rEFerence materials, namely beinghomogeneous and stable and having value assigned accorg

to a metro
to verify tr

Daily qua
correct pej
charts. Ref]
a metrolog

Different r

NOTE £
existed. No
currently fr]
0,01 KCl sol
using Smoly
[2] This valy
measureme

the daily quality control, but are insufficient for(calibration and/or instrument verification. However, in|

absence of
stated value

9.2.2 Re

To achieve
to be folloy

a) Setup

ogically valid procedure. These materials shall be used to either calibrate the‘instrumen
ueness of the measured results.

ity control: Reference materials shall be used with every measurement series to ens

erence materials for this purpose need to be homogeneous and stable, but do not have to i
ically valid assigned value.

eference materials shall be used for calibration and for daily quality control.

ts.

for
ling
t or

ure

formance of the instrument system. This control is most suitably.done using quality conitrol

ave

\t the time of the publication of this standard, no certified reference materials for zeta pote

chwski approximation as —38 mV, which corresponds to electrophoretic mobility -4 (um/s) (c
ht of the same material conducted using ESA method (paper).[24] These materials are well suite

ertified reference materials, these hayve to be used. Priority should be given to materials with cle
s by the producers.

beatability

ved:

the instruméntadequately, select the proper settings for operating conditions and alloy
ufficient warm-up time.

the measurement protocol given for the material.

tial

h-certified reference materials with assigned values.dre available from several suppliers. Anofher
equently used option is using Ludox®DY This is a 50'% silica suspension and is usually diluted w{th a
ition to a mass fraction of 10 %. There is reportedivalue of {-potential for these particles calculgted

).

e of the electrophoretic mobility measured-with CVI methods agrees within 10 % with indepenflent

for
the
arly

the desired repeatability of electrophoretic mobility measurement, the following steps rleed

 all

hi-at least six consecutive measurements with the same aliquot.

parts q
b) Follow
c) Perfor
An

instrument is considered as meeting the requirement of this standard if the CV for the mean

electrophoretic mobility value of six measurements for a reference material is less than 3 % if the
absolute value of the reference material mobility is higher than 1 ym-cm/V-s.

9.2.3 Int

ermediate precision

The test of intermediate precision shall follow the procedure set out in 9.2.2 except that six different
sample aliquots at an appropriate concentration shall be used.

NOTE

Care must be taken that the material used is stable after opening.

1) Ludox® is an example of a suitable product available commercially. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO of this product.
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An instrument is considered as meeting the requirement of this standard if the CV for the mean
electrophoretic mobility value of six measurements for a reference material is less than 4 % if the
absolute value of the reference material mobility is higher than 1 ym-cm/V-s.

9.2.

4 Trueness

The accuracy of operation of instruments shall be determined using certified reference materials
meeting the definition of ISO Guide 30 and having been produced in compliance with ISO Guide 34. In
the absence of certified reference materials, non-certified reference materials meeting the definitions
of ISO Guide 30, of hard spheres from a reliable source, homogenous and stable having a defined

eleg
min
The
An

six

agr
tak

9.3

The
as v

Usul

Wrong particle size calculated from the electroacoustic phase can be also a source of the 4
otential. The phase of the electroacoustic signal depends on several parameters, not only particle

¢-p

sizg

factlor. If these and contrjbutions from others factors are attributed to the influence of the pa

the

Sedimentation of particles on the surface of the electroacoustic probe leads to increasing volu

int
incy

+ L. 43 Lailis daot 3 d L 3 ] + HPOA | it L. |
1 U}JllUl CLIU lllUUlllL)’ ULCLUIT IIIIIICyu U_y U}JLILC\I IIICaIlio dt DPC\,ILICU CUIIUILIVUIIS LAdIl UL uUostuy,
d that the use of non-certified reference materials precludes absolute demonstration’g
test of accuracy shall follow the procedure set out in 9.2.3.

nstrument is considered to meet this standard if the mean electrophoretic mobility v4
measurements is in agreement with the assigned value of the reference material. For c}

bn into consideration.

Sources of measurement error

main source of the errors in the reported values of {-potential are errors in input param
olume fraction of solids, densities, viscosity of liquid, dieleetric permittivity of the liquid

ally, high values of { -potential exceeding 100 mV occur due to
lower input volume fraction values than in reality;

lower input density contrast, than in reality;

lower input dielectric permittivity, thamin reality, or

higher viscosity, than in reality.

. For instance, particlesand particle aggregates porosity affect the phase. Particles shapg

1 it would be wrongand calculated ¢ -potential would be wrong as well.

he vicinity of/sehsing elements. This effect would be reported as increasing {-potential
easing volume fraction, unless recognized by the user.

bearing in
f accuracy.

lue for the
ecking the

bement both the uncertainty of the reference material and an uncertainty\of the six resuflts shall be

eters, such

rror in the

is another
Fticles size,

e fraction
instead of
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Annex A
(informative)

Electroacoustics: high frequency electrokinetics

Electroacoustics 1s a famlly of electrokmetlc effects that occur at hlgh frequency osc1llat1ng either

electrlc or

liquid. Bot

Every trad

tional electrokinetic effect has its electroacoustic analogue as shown in Table A:D.

Table A.1 — Electroacoustic analogues of electrokinetic phenomena

h electroacoustics and electrokinetics are result of the electric and mechanical fields©oupli

Electrokinetics Electroacoustics
Electrophgresis: Electric sonic amplitude:
Motion of particles in electric field DC, AC KHz Ultrasound generated by‘particles motion in the ele

tric field, AC MHZ

Sedimentation potential, Dorn effect:

Electric fiel

Colloid vibration current:

d generated by particle sedimentation, DC |Electric field génerated by particle motion in ultra-

Electric fiel
sure applie

conditions sound wave, AC conditions

Electroosmosis: Electroseismic effect:

Liquid motfon through a porous material induced by  |Liquid motion through a porous material induced by
electric field, DC, AC KHz electric field, AC MHz
Streaming|current/potential: Seismoelectric effect:

d/current generated by gradient of pres-
 to the porous material, DC, AC KHz

Electric field/current generated by gradient of pres
sure applied to the porous material, AC MHz

There are 1
justify intr

First of all, a wavelength of-mechanical (sound) field becomes comparable with system-sa

dimension$
described
the same t
tremendoy
electroaco

Secondly, 3

umber of differences between electroacoustic and traditional electrokinetic phenomena
pduction of electroacoustics as a separate group of experimental phenomena.

5 at MHz range.dtis 1,5 mm at 1 MHz in water. That is why mechanical force needs
n wave termifiology at MHz range, in contrast to traditional electrokinetic phenomeng.
me, wavelength is still much longer than particle size. This “long wavelength limit” lead
s theorycimplifications, which allow introduction of Smoluchowski theory analogues fo
hstic effeets.

| diquid behaves as compressible on macroscopic scale, which opens up completely

t

hat

ple
be
At
S to
- all

lew

avenues fo

16
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