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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 proce@lures used to develop this document and those intended for its further maintenance
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed forj
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

Fine bubble technology has recently seen growth in its application to markets such as cleaning, water
treatment, agriculture and aquaculture and biomedical fields. Now methods are needed to evaluate the
efficacy and efficiency of generation systems. The characteristics of most importance are the number
concentration and size indices of the fine bubbles produced by such systems.

Furthermore, fine bubble dispersions in water can contain other solid and liquid particles. Contaminants
such as these particles make accurate characterization of fine bubbles extremely difficult. Therefore,
distinction of fine bubbles from contaminants is an urgent issue. This is also why the term index is used
as it can never be 100 % established that a particle is a bubble and not a contaminant.

Curfrently, there are several measurement methods widely used to evaluate the numben conpcentration
index and the size index of particles. However, there are few methods to distinguish’ bubbles in fine
bubble dispersions from other particles.

If the bubbles can be totally eliminated (with no residual bubbles) by mechanisms such as fissolution
or fllotation, this issue can be solved. If a method that eliminates fine bubbles in a specific|size range
is ufsed, it is potentially possible to distinguish fine bubbles from other.solid and liquid pafticles. The
concentration of material after potential elimination can be compared-in particle concentration index
to the liquid used prior to generation. If elimination has been succegsful, they should be thg same, and
by tlhis comparison, elimination techniques can be developed and optimized.

Thip document is intended to specify the most effective techniques for eliminating fine bubbles from
find bubble dispersions in water and their optimization,
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Thi

dispersion in water and how to optimize the elimination procedures to obtain better efficier
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NOTI

shellls”. Fine bubble with shells means the fine bubble whose surfacefinterface is covered almost cg

andg

Scope

5 document specifies the elimination techniques for removing fine bubblesfrom fi

5 document is applicable to fine uncoated bubbles (without shells).
pes not apply to fine coated bubbles (with shells).
E Fine bubbles dispersed in liquid are classified into “fine bubble with shells” and “fine bulj

bject or a collection of objects.

ine bubble
cy.

ble without
mpletely by

2 |Normative references

The following documents are referred to in the text in such a way that some or all of their content
conptitutes requirements of this document. Fgr)dated references, only the edition cited dpplies. For
undated references, the latest edition of the referenced document (including any amendments) applies.
[S0|20480-1, Fine bubble technology — General principles for usage and measurement of finel bubbles —
Part 1: Terminology

[SO|24261-1:2020, Fine bubble technology — Elimination method for sample characterization — Part 1:
Evafuation procedure

3 |Terms and definijtions

For|the purposesfjthis document, the terms and definitions given in ISO 20480-1 and thg following
apply.

[SOland [ECunaintain terminology databases for use in standardization at the following addyesses:

— [ISOOnline browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

31

fine bubble dispersion
FBD
liquid which contains fine bubbles

[SOURCE: ISO 20298-1:2018, 3.1]

3.2

frequency
number of cycles per second

Note 1 to entry: Expressed in Hertz (Hz).
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[SOURCE: 1
3.3

S0 5577:2017, 3.1.1]

ultrasonic wave
any acoustic wave having a frequency (3.2) higher than the audible range of the human ear, generally

taken as hi

gher than 20 kHz

4 Requirements

4.1 Sa

nle
i

Fine bubbl
shall be ge
air, nitroge

The purity
bubbles in
processes

measurem

The fine by

If the mea
case of app
ISO 3696)

b dispersions in water that are going to be used to test fine bubble elimination techmic
herated using cleaned fine bubble generating systems with clean water and clean gas'suc
n or oxygen.

level of water and gas depends on the sample. The size and concentratior’indices of
the sample should be evaluated because fine bubble elimination is enetof the evalua
for specified samples. Therefore, the purity level cannot be generally determined :
bnt condition for evaluations of the elimination efficiency.

bble dispersion shall not contain stabilizing agents such as surfactants.

urement accuracy of size and concentration indices is yery important (for example, in
lication to the accreditation of fine bubble business), a;swater purity level of ISO Grade 1
s recommended for the water used for generating FBD)

4.2 Me

ring instruments

a‘Eu
When the neasuring instruments are selected for evaluating the potential for fine bubble eliminaf]

the follow

ng requirements for the concentratien and the size range shall be considered. T}

ues
h as

fine
[ing
s a

the
see

ion,
ese

requiremepts depend on the characteristics of saniple to be evaluated.

1) The tofal number concentration and tdtal'volume concentration of the entire sample including fine
bubblgs and contaminants (solid and liquid particles) shall be measured. Water diluent can be ysed
for dilyiting the FBD when the conCentration is too high for the measurement technique in question.

2) The size range of the entire~sample including fine bubbles, contaminants and aggregatef of
contarpinants shall be measured. Different measuring instruments may be used to confirm|the
larger pggregates.

NOTE For example, the.particle tracking analysis method can be used for evaluation of number concentration,

and the lasq
referred to

r diffraction’method can be used for the evaluation of volume concentration. ISO/TR 23015 ca
or details\of measurement techniques which can be used for FBD in water.

h be

5 Envirn

onment

The air cleanliness should be considered for the measurement to prevent the introduction of impurities.
Ambient temperature and atmospheric pressure should be stable to maintain the stability of ultrafine
bubbles.

Air cleanliness, ambient temperature and atmospheric pressure depend on the local environment and
can vary. However, as they are important settings and can influence the elimination process they should
be recorded prior to any elimination occurring.

If the measurement accuracy of size and concentration indices is very important, (for example, in the
case of application to the accreditation of fine bubble business), the air cleanliness of ISO Class 7 (see
ISO 14644-1) is recommended as the environment for generation and measurement of FBD in water.
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6 Elimination technique

6.1 General
Fine bubbles can be eliminated using the following elimination techniques. The elimination technique

should be selected based on the appropriate elimination efficiency which is determined by tuning and
optimizing the conditions and parameters for the corresponding technique.

6.2 Ultrasonication method

6.2{1 General

The ultrasonication method can eliminate fine bubbles in fine bubble dispersion in water by|irradiating
ultrlasonic wave with suitable frequency (see Annex A for an example), while irradiation off ultrasonic
wave with unsuitable frequency can generate fine bubbles. Therefore, setting of the frequency is very
important.

Other variables that can also change the effectiveness of eliminatign, include driving power and
irrddiation time.

6.2)2 System configuration

The typical system to eliminate fine bubbles by ultrasonication method has an oscillator, fransducer
and| tank as shown in Figure 1. A container that has fine bubble dispersion in water is put jnto a tank
filldd with water and irradiated by ultrasonic waves. It is recommended to irradiate ultraspnic waves
whose frequency is higher than 430 kHz.

Thq oscillator shall not be immersed in the fine ubble dispersion in water because direct c¢ntact with
theloscillator can generate contaminants. Forlexample, an ultrasonic probe or ultrasonic hgmogenizer
shall not be used.

©1S0 2021 - All rights reserved 3
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6.2.3 Key experimental variables for the)ultrasound elimination technique

fine bubble dispersion in water
water
tank
transdycer
oscillatpr
container

Figure 1 — Scheme for the ultrasonication system configuration

There are $everal key experimental variables that needed to be considered when using the ultrasound
eliminatiop method. These should\be specified in the method. If these parameters are not kept
consistent|then results are likely te’be inconsistent (between users, laboratories, samples, etc). They

are stated |n the following list:

1y
2)
3)
4)
5)

The

Specification of ultrasenic device (make, model, power);
Contaiper (type ofvessel, volume);
The valume offine bubble dispersion in water in container;

The hgight of water surface in tank;

The position of the vessel in the tank (The distance between transducer and the bottom of container
and location of the container in relation to the sides of the vessel).

container shall have a flat bottom and be made of a rigid material such as glass. The thickness of the

container bottom should be thick enough that it does not influence the ultrasonication environment.

The

container shall not be filled with fine bubble dispersion in water. The height of water surface in the

tank should be almost as high as the height of water surface in the container. If the distance between
transducer and the bottom of container is too small, ultrasonic waves will not be irradiated normally.
On the other hand, if it is too far, ultrasonic power will be attenuated.

© IS0 2021 - All rights reserved
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6.2.4 Conditions and parameters to be tuned or optimized

It can be possibly to set the following experimental parameters using the ultrasonic device under test.
Not all devices will necessarily provide the user with the ability to change all of the parameters. For
example, a simple ultrasonic bath might only allow the irradiation time to be adjusted.

1) Frequency
2) Driving power

3) Irradiation time

Thevariables which can be adjusted by the device shall be optimized to maximize elimination efficiency
according to the procedure outlined in 6.2.5.

6.2)5 Procedure for parameter optimization

The key experimental parameters described in 6.2.4 shall be tuned or optimized in accordance with the
follpwing procedure:

1) [measure the size and number concentration of fine bubble dispersion in water;

2) |set a certain set of conditions on the device such as frequency, ‘driving power and time;
3) |putan appropriate volume of fine bubble dispersion in water into a container;

4) |put the cap on the container;

5) |put water in the tank;

6) |fix the container directly above the transdueer;

7) |homogenize the processed sample in th€)container;

8) |evaluate the elimination efficiency{(in accordance with ISO 24261-1:2020, 6.3);

9) |setseveral kinds of frequency; driving power and irradiation time and repeat steps 2) td 8);
10)|evaluate the elimination efficiencies corresponding to the respective conditions and pajjameters;

11)|determine the most appropriate conditions for the ultrasonication method based opn the data
generated in step.10) these being the conditions at which the maximum elimination is adhieved.

6.3| Ultracentrifugation method

6.3]1 General

Thip €limination method uses an ultracentrifuge. Fine bubbles and particles in the FBD arq separated
acc ldiug to—their dUllbiLy. Partictes treavier tham water movetowardsthreouter circumiference of
motion and fine bubbles and particles lighter than water move towards the inner circumference of
motion as shown in Figure 2. The fine bubbles gathered on the surface of a sample tube can disappear
(see Annex B for an example).

If the fine bubble dispersion includes liquid or solid particles as contaminants, they are also separated
by this method. The liquid or solid particles with a higher density than water can aggregate on the
bottom of sample tube. Aggregated particles shall be dispersed one by one again to evaluate the number
of particles accurately (in accordance with ISO 24261-1:2020, 6.3) after the centrifuge procedure. The
liquid or solid particles with a lower density than water float to the surface of sample. Floating particles
shall be homogenized to evaluate them as well.

© IS0 2021 - All rights reserved 5
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Figure 2 — Ultracentrifugation of fine bubble dispersion in a sample tube

6.3.2 System configuration

As shown ip Figure 3, the ultracentrifuge has a roter, where sample tubes are set, with a cooling systlem.
It is recommended to generate acceleration as higlras 1 000 000 g.

2
L

1 0 N

o

Key

1 sample tube
2 rotating shaft
3 rotor

Figure 3 — Scheme for the system configuration of ultracentrifugation

6.3.3 Specifications, conditions and parameters to be selected and predetermined

There are several key experimental variables that needed to be considered when using the
ultracentrifugation elimination method. These should be specified in the method. If these parameters

6 © IS0 2021 - All rights reserved
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are not kept consistent then results are likely to be inconsistent (between users, laboratories, samples
etc). They are stated in the following list:

1) Specification of ultracentrifuge (make, model);
2) Sample volume in each tube;

3) Temperature of the sample.

6.3.4 Conditions and parameters to be tuned or optimized

Thd Tollowing Iist outlines the Key experimental parameters that will be available to,the user for
adjysting and optimization. Their magnitude will need to be set according to the procedure joutlined in
6.3}5 to optimize elimination conditions:

1) |Number of rotations or centrifugal acceleration
2) |Ultracentrifugation time

The size distribution of fine bubbles and the viscosity of water affect the performance of ¢limination
effifiency. The number of rotations or centrifugal acceleration and.dtracentrifugation tirhe shall be
optjmized following this subclause to maximize elimination efficiericy: The sample volume ip each tube
can|be defined by the instruction of the instrument. The temperature can be set to keep congtant.

6.3]5 Procedure of parameter optimization

Thd key experimental parameters described in 6.3.4 shall be tuned or optimized in accordanfce with the
follpwing procedure:

1) |measure the number concentration of fine lxibble dispersion;

2) |seta certain number of rotations or a c€ytain centrifugal acceleration;

3) |[seta certain ultracentrifugation time and a temperature;

4) |put the same appropriate volume of fine bubble dispersion into each tube;

5) [put tubes in a rotor so théy)are directly across from each other to balance a centrifuge;
6) |homogenize the processed sample in a tube;

7) |measure the number concentration of the processed sample;

8) |evaluate the€limination efficiency (in accordance with ISO 24261-1:2020, 6.3);

9) |set seyeral kinds of ultracentrifugation time and repeat from 4) to 8);

10)[plottime and reduction rate and evaluate the effective ultracentrifugation time at this cpndition;

11) set several kinds of number of rotations or several kinds of centrifugal acceleration, repeat from 3)
to 10); and evaluate the elimination efficiencies corresponding to the respective conditions and
parameters;

12) determine the most appropriate conditions for the ultrasonication method based on the data
generated in step 10), the conditions being those at which the maximum elimination is achieved.

6.4 Freeze and thaw
This method consists of two steps: freezing and thawing. By freezing until the temperature of the

sample is below -15 °C, fine bubbles will be eliminated (see Annex C for an example). After thawing, the
samples return to the liquid state. A typical home/laboratory freezer is adequate for this purpose.

©1S0 2021 - All rights reserved 7
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For a freezing experiment to take place, a sample of water from the water source, but which has not
been used for bubble generation, shall also be taken. The fine bubble dispersion should be generated in
the usual way (documenting time taken to generate and left to settle before any characterization).

Samples should be placed in a sample container which should be washed with the control water to
remove any dust prior to the placement of ultrafine bubble dispersion in it.

Samples should be frozen for at least 24 h and preferably at least 48 h before thawing.

Thawing should be done at room temperature, and the sample should be completely defrosted before
it is remeasured. Devices such as hot plates and microwaves should not be used to speed up thawing.

The samples should then be measured in the usual way. The sample before and after freezing callx be
compared.|If elimination has been successful, the concentration index data of the thawed fifig,bubble
dispersion|should have a similar concentration index to the unprocessed water.

6.5 Boiljng and cooling

To date, bdiling by holding the sample at approximately 100 °C for 1 h has not been found to eliminate
bubbles.

8 © IS0 2021 - All rights reserved
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Annex A
(informative)

Example of results for the ultrasonication method

Tables A.1 and A.2 present an example of elimination results using the ultrasonication method. Ultrafine

bubble-dispersionis-preparedusinethe-swirhneflow-methodwith-pure-waterand-filtered-air. Number
e WHH RS oW-Re e Wit pure-waterahearireerea .

T O o P e T oo To pPropur C oo oS cIreJ

confentration is measured by the PTA method.

Table A.1 — Example of the conditions

Conditions
Frequency (kHz) 1600
Driving power (W) 100
Irradiation time (min) 15

Table A.2 — Example of the measurement results and the reduction rate

Number concentration Number concpntration
Number reduction rate? |index-before elimination | index after ellmination
Sample process proceps
Iy
% qo,b do,a
particles/ml particleg/ml
Typlcaldl'lltrafl_ne bubble 90,0 5,40 x 108 5,39 x 107
ispersion

2 |ro=9op ~ 90,) / 90 * 100

©1S0 2021 - All rights reserved 9
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Annex B
(informative)

Example of results for the ultracentrifugation method

Tables B.1 and B.2 provide an example of an elimination result using ultracentrifugation methods.
i ubhhla dicnarcion ic mranarad noinag tha cozieling flovy mathod vith ara vazatar and 11
Ultrafine bu P the-swirlingflow-met with-pure-water-and-filtered

TroTe—oTy

CTroToT o propur O oot oo

ceerrotr

air. Numbefr concentration is measured by the PTA method.

Table B.1 — Example of the conditions

Conditions
Sample volume in each tube (ml) 1
Temperature (°C) 25
Relative centrifugal force (g) 1050 000
Ultracentrifugation time (min) 15

Table B.2 — Example of the measurement results andthe reduction rate

Number reduction rate?

Number coneentration

index before elimination

Number concentrati¢n
index after eliminatipn

dispersion

Sample process process
o
% qO,b qo,a
particles/ml particles/ml
Typical ultrafine bubble 65.9 3,69 x 108 1,26 % 108

2 ro=(qo)~ 90,) / 9o * 100

10

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=bb66e8265c1f9151605fd1e361c16c63

