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Foreword

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

1 Scope

This|document specifies the test method to determine the iso-electric point of fine ceranpic powders,
which is measured in the state of suspension.

2 Normative references

The following documents are referred to in the text in such a way that-some or all of their content
constitutes requirements of this document. For dated references, only-the edition cited [applies. For
unddted references, the latest edition of the referenced document (including any amendments) applies.
[SO 4316, Surface active agents — Determination of pH of aqueous‘solutions — Potentiometrig method
ISO 13099-1, Colloidal systems — Methods for zeta-potential determination — Part 1: Electrogpcoustic and
electfrokinetic phenomena

[SO 13099-2, Colloidal systems — Methods for zeta-paogential determination — Part 2: Opticalimethods
ISO 13099-3, Colloidal systems — Methods for zetgpotential determination — Part 3: Acoustic methods

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 13099-1, ISO 13099-2 and
ISO 13099-3 and the following apply.

ISO gnd IEC maintain terminelogical databases for use in standardization at the following dddresses:
— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropediatavailable at http://www.electropedia.org/

31

zeta[potential

¢-potential

differen€e‘between the electric potential at the slipping plane and that of the bulk liquid, where the
electirie’potential difference is proportional to the electrophoretic mobility of the charged particle to

the electrode when the electric field is applied to the dispersed particles in the solution

Note 1 to entry: See Figure 1.

Note 2 to entry: Zeta potential is expressed in volts. Electrophoretic mobility (u) is electrophoretic velocity
divided by electric-field strength. Electrophoretic mobility is positive if the particles move towards a lower

potential (negative electrode) and negative in the opposite case. Electrophoretic mobility is expressed in square
metres per volt second (m?2/V-s).
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Figure 1 — Schematic of zeta potential for the dispersed colloid particle
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Figure 2 — Representative example of iso-electric point
4 Principle
Zeta(potential is the potential in the interfacial double layer.at the location of the slipping j

a point in the bulk fluid away from the interface. According to general colloid chemistry p
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rostatically stabilized dispersion system typicallydoses stability when the magnitud
ntial decreases. As a result, there will be some region surrounding the condition of z¢
he iso-electric point) for which the system isfot particularly stable. Within this unst
articles may agglomerate, thereby increasing the particle size. Determining the pk
e the zeta potential becomes zero (the ise-electric point) is, therefore, important for z¢
hsers. Zeta potential may be determined by the electrophoretic light-scattering (ELS)
ming potential method and the eléctroacoustic method, according to ISO 13099-1,
SO 13099-3, respectively.

Apparatus and calibration

The fisual laboratory apparatus and, in particular, the following.
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5.1 | Zeta potential analyser and calibration

The zeta potential analyser may vary according to the measurement principle, such as ele
and flectroekinetic phenomena, the optical method or the acoustic method, and shall
ISO 1309941, 1SO 13099-2 and ISO 13099-3, respectively. The calibration of the analy
perforined using the standard sample with a predefined zeta potential.

NOTE The standard sample provided by the zeta potential analyser supplier could be applied.

5.2 pH meter

The pH meter should be within the measuring range of pH 2 to pH 10. The calibration of the pH meter

shall

5.3

conform to the standard procedure detailed in ISO 4316.

Sample dispersion vessel

A vessel of polypropylene or glass in the dimension range of 100 cm3 to 1 000 cm3 It is used for
dispersing the powder sample in the electrolyte solution.
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Materials that do not elute in the range of pH 2 to pH 10 should be used. Special care is needed for soda
lime glass, which may elute in a strong base condition.

5.4 Sonicator

The sample should be dispersed by a tip sonicator, preferably, or a bath-type sonicator. A homogenizer,
mortar, or vacuum degassing machine can be applied when needed.

5.5 Balance

A balance with a measuring capacity of 200 gor above with 1ﬂ-mg precision

5.6 Temperature-control device

A thermomater with a measuring range of 0 °C to 50 °C with a precision of 0,5 °C. A builtsin'temperature
sensor is aldo applicable.

5.7 Magnetic stirrer

A stirrer or magnetic stirrer coated with polytetrafluoroethylene resin.

6 Operational procedures

6.1 Dispeérsion solution
This shall bg ion-exchanged distilled water with a condudétivity of less than 1 x 10~% S/m (25 °C) jn an
electrolyte golution.

6.2 pH-agdjusting acid or base and electrelyte solution

The pH-adjusting acids or bases and the type.of electrolyte solution shall be selected as follows.

a) The pHiadjusting acid and base shathbe hydrochloric acid (HCI) or nitric acid (HNO3) and soflium
hydroxide (NaOH) or ammoniuwm+hydroxide (NH,OH), respectively. The electrolyte solution [shall
be a salf, sodium chloride (NaCl) or ammonium nitrate (NH,NO3) solution with a concentratipn of
0,1 mol/1 for acid and baseand 1 mmol/1 to 10 mmol/I1 for the electrolyte solution.

b) Any combination of inorganic acid and base with an oxidation number 1, except those in a), may be
selected, and their eleetrolyte (1 mmol/1 to 10 mmol/1) may be selected.

6.3 Sample preparation and dispersion

6.3.1 Preparation

The dispersion solution of ion-exchanged distilled water shall be selected as in 6.1 and an electrolyte
solution of 10-3-10-2 mol/1 prepared. The powder sample shall be dispersed in the electrolyte solution
to produce a ceramic slurry of suspension.

6.3.2 Dispersion

The ceramic slurry shall be well dispersed by using a tip sonicator or ultrasonic bath. The ultrasonic
irradiation shall be carried out as follows. If the ultrasonic bath is applied, place the sample above
the spot of oscillation for no less than 3 min below 300 W power. If using an ultrasonic tip sonicator,
place the sonicator tip in the middle of the beaker bottom and top liquid interface of the ceramic slurry,
sonicate for 1 min to 5 min and stabilize for 5 min to prevent any temperature increase.

4 © IS0 2019 - All rights reserved
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The recommended concentration of the ceramic slurry is a mass fraction of 1 % to 10 % (depending on
particle size).

If the suspension (or colloid) is well dispersed, it may be measured without the assistance of sonication.

6.3.3

Stabilization

The suspension shall be stabilized after sonication, for a recommended time of 30 min, and the
supernatant taken for sampling.

Special care is needed in the case of an inhomogeneous mixture sample, because the selection of the

supermatantpartmight ot represent tirecompositionrof thesamplepowder:

An additional milling or dispersion method may be applied when the coarse particles@re very settled.

The fecommended sample concentration of ceramic slurry is 1 wt% to 2 wt% for thie streaming potential

metHhod, 1 vol% for the electroacoustic method and 0,001 wt% to 0,05 wt% for the-ELS. It shal| be adjusted

depending on the size of particles, where the smaller the size, the higher the econeentration ng¢eded.

7 Measurement

Zetalpotential measurement and pH adjustment shall be performed as follows.

a) $witch on the analyser and wait until the device is stabilized.

b) The initial calibration of the device shall be done in-accordance with 5.1.

c) (alibrate the pH meter in accordance with 5.2, including built-in parts in the zeta potential analyser.

d) Apdjust the concentration of the sample\as appropriate and place the sample slurry in the
measuring cell.
The zeta potential may vary depending on the concentration of the sample slyrry, so the
¢oncentration should be recorded.

e) Measure the pH and temperature of the sample solution after adjusting the concentratjon.

f) Measure the zeta potential in accordance with the selected method in Clause 4.

g) Adjust the pH of the’sample slurry from d) using the pH-adjusting acid and base sel¢cted in 6.2,
yhere pH changé{s recommended to be within 1, and stabilize the pH-adjusted sample|slurry for at

east 10 min,
h) § either pH 2
Which has a
e pH should

be ad]usted so that an absolute Value of zeta potential of more than 10 mV is obtamed
When the pH adjustment is overshot, then it is recommended that the pH adjustment not be
reversed, because this might result in an additional change in the concentration of electrolyte as
well as the sample concentration.

i)  Turn off the power of the zeta potential analyser.

8 Determination of the iso-electric point

Measure the iso-electric point as follows.

a)

Plot the pH versus zeta potential and connect the data points with a smooth curve.
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