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reword

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
des
diffi
edif

Atte
pat
any
on 4

Any
con

For
exp
the
AWALY

procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriamee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this document may be th¢
ent rights. ISO shall not be held responsible for identifying any or all such-patent rightg
patent rights identified during the development of the document will.bée“in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents}):

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation of the voluntary nature of standardsythe meaning of ISO specific
ressions related to conformity assessment, as wellas information about ISO's ad
World Trade Organization (WTO) principles in, the Technical Barriers to Trade
w.iso.org/iso/foreword.html.

Thi
Ali

Any
cony

©IS

5 document was prepared by Technical Committee ISO/TC 281, Fine bubble technology.
5t of all parts in the ISO 21910 series canibe found on the ISO website.

feedback or questions on this docuiment should be directed to the user’s national standa
plete listing of these bodies can'be found at www.iso.org/members.html.

enance are

ded for the
e with the

 subject of
. Details of
ion and/or

d does not

terms and
herence to
[TBT), see

rds body. A

02020 - All rights reserved


https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
http://www.iso.org/iso/foreword.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=b66cbc53e2678cebf28ba3c6af17cf3c

ISO 21910-1:2020(E)

Introduction

Recent development in the fine bubble technology expands its market, such as cleaning, water
treatment, agriculture and aquaculture as well as biomedical. Above all, the application of microbubble
technology accelerates the market penetration.

Many measurement technologies have been historically developed to assess the characteristics
of microbubbles and are now used in various application fields. However, the dynamic nature of
microbubbles makes it hard for the users to report their measurement results with confidence. The
low stability of microbubbles that includes shrinking, deformation, coalescence and dissolution of

individual

This docun

used in a measurement laboratory. The application of the document to measurement system'Wwill v

comparabl

equipped and the specified sampling procedures are met. Since the comparability releyance depend

the sampli

descriptions. The specifications of the measuring instruments are described in-other standards or

individual

microbubble can require a specific sampling procedure and short measurement time.

hent is intended to specify an evaluation method for size index of microbubbles in water t
b results over an application field, as far as the specified types of measuring instruments
hg procedures and the measurement environments, each measurement-camrrequire reley

pperation instruction manuals.
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Fine bubble technology — Characterization of
microbubbles —

Part 1:

Off-line evaluation of size index

1 (Scope

Thif document specifies the evaluation method for the size index of microbubbles in m
disilersion. It is only applicable to microbubbles with or without shell in_water within
fropm 1 pm to 100 pm. It describes the sampling methods from the point génerating or
microbubbles in the retention container to the detecting point of the measuting instrumentg.
2 |Normative references

There are no normative references in this document.

3 |Terms and definitions

For|the purposes of this document, the following tefms and definitions apply.

[SO|and [EC maintain terminological databasesfer use in standardization at the following adg
— |ISO Online browsing platform: available-at https://www.iso.org/obp

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

31

measurement time

perjod for a sequence of méasuring process, whereas the size index and/or the number cor
ind¢x of the microbubbles can be assumed stable all through the period and reproducib
perjods with similar nmieasurement condition

Note 1 to entry: Measurement time is described by the starting time and the ending time, or by either
the furation.

3.2

water diluent

icrobubble
the range
dispersing

dresses:

jcentration
e over the

of them and

hnd whose

honmogeneous water which is used for dilution without causing any deleterious effects
nu;lltl . e ltrnfine bubblesist

Note 1 to entry: Water diluent is used to decrease the number concentration of ultrafine bubbles in a dispersion
without changing their total number, state of aggregation with particles, size or surface chemistry.

Note 2 to entry: Water diluent is called blank water when its number concentration of ultrafine bubbles is known
to be zero and when it is used for the evaluation of ultrafine bubbles.

[SOURCE: ISO 20298-1:2018, 3.2]

3.3

retention time
period from the point generating or dispersing microbubbles in the retention container to the detecting
point of the measuring instruments

© IS0 2020 - All rights reserved
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3.4

method repeatability
closeness of agreement between multiple measurement results of a given property in different aliquots
of a sample, executed by the same operator in the same instrument under identical conditions within a
short period of time

Note 1 to entry: The variability includes those uncertainties due to operator sub sampling technique, any changes
in the sampled material together instrument variations.

[SOURCE: I

S0 13320:2020, 3.22]

4 Requ

4.1 Req
Microbub

irements

hirements on the sample

s should be present in pure water or can be in tap water if the numbers ‘of contamir

e
particles ;:{‘e much lower than those of microbubbles. The microbubbles should contain air, nitrg

and oxyge

The size r4g
instrumen
of the resu

Microbub
Microbub
classificati

4.2 Req

An approp(E

system an
as a size i
dispersibil
vicinity of

nge of microbubbles that can be measured depends on the specification of the measu
[ to be used as is the number or volume concentration range of@microbubbles. The reliab
ts shall be confirmed for each measuring instrument.

es which diameter is equal or larger than 10 um should‘be measured promptly (see 7.4
es less than 10 um and microbubbles with shell may.hot need to be measured quickly. ]
pn is referred to in ISO 20480-2.

1irements on the sample transfer and measurement system

iate sample transfer and measurementysystem which connects a microbubble genera
a measuring instrument enable to.gharacterize unstable microbubble dispersion in w
dex. Because of the low bubble stability of microbubbles without shell and the decreas
ty of microbubbles with shell, it is recommended to have the measuring instrument in
pither the generating systemqor the dispersing system.

The size index of microbubbles sheuld be determined just after the sample transfer. Signal acquisi

time of me
of sufficien
loading the
several tim

Attention
loading to

hsuring instrument should be set at a minimum interval which is necessary for the detec
t signals from the microbubbles to determine its size index with good reproducibility. Be

sample into a measuring instrument, clean the inside of a generating system by rinsir
es with water{diluent to remove contaminants.

hould be-pdid to avoid microbubbles to adhere to the inside of the tube which is used
he measiiring instrument.

Before eac

h _measurement, it should be confirmed if microbubbles are dispersed homogeneousl

. In cases where they are surrounded with a coating, e.g. a lipid, othergas can be applied.

ant
gen

[ing
lity

b.1).
his

[ing
hter
e in
the

fion
[ion
fore
git

for

saturated in water at a trial run

Microbubbles with shell are inherently stable; however, they may settle down to the bottom of the
container. The procedure to measure microbubbles without shell can be applicable to measure

microbubb

les with shell when they are dispersed uniformly during the measurement.

Storage or transportation of microbubbles without shell in microbubble dispersion is almost impossible
due to the low bubble stability.

© IS0 2020 - All rights reserved
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Measuring instruments

Measuring instruments based on the following measurement techniques should be used to determine

the

The

size index of microbubbles.
Dynamic image analysis methods (see ISO 13322-2).
Laser diffraction methods (see ISO 13320).

Light extinction liquid-borne particle counter (see ISO 21501-3).

rafaraneca oftho santbhoad hond chall bha yapm e

Ref

6 |Environment

Thd classification of air cleanliness should be applied for the measurement to'prevent the con
of ifnpurities.

Ambpient temperature and atmospheric pressure should be stable”to maintain the 5
microbubble size.

7 [Sample transfer and measurement system

7.1 General

Thg dynamic changes of microbubbles without sliell may make it difficult to measure the m
sizd. To obtain reproducible results with off-linemeasurement, the appropriate way to load m

dispersion is the key technology to measurethem promptly before they disappear.

For

Ess

7.2

Mic
may
us

—

7.3

7.3

mg loading tube and loading pump set at the back of a flow cell.

T eICC o Tt e TIot o SO STIarT oC T CPpoTTetr

br to Annex E for an example of comparison among three measurement techniques.

this purpose, the sample transfer and measurement system as shown in Figure 1 shall b

bntial information to define a sanple transfer and measurement system is given in 7.2 to

System structure

robubbles to be measured shall be generated or discharged in a retention container. Th
 work as a buffer tocirculate microbubbles dispersion. The samples shall be sucked intg

Arrangement of components

1 “Position of the inlet tube mouth

famination

tability of

icrobubble
icrobubble

b used.

7.7.

b container
a flow cell

The position of the inlet tube mouth and the direction of it should be optimized for the spatial stability
at a trial run, or microbubbles should be measured at several positions to be averaged in consideration
to the velocity distribution in the retention container. If the position of the inlet tube mouth is set close
to the container wall and the surface of microbubbles dispersion, results may show low concentration.
If the position of the inlet tube mouth is set in front of outlet from a generating system, results may
show high concentration.

7.3.2 Position of the measuring instrument

The position of the measuring instrument should be close to a retention container to minimize the
tube length.

©IS
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13
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s R 3
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1 2 4\:

Key
generafing system

outlet thibe for generating system

outlet thbe mouth for generating system
retentign container

microbpbble

inlet tupe mouth for measuring instrument

N O U W

loading tube

7.4 Retdntion container

7.4.1 Gejneral

10
11
12
13

measuring.instrument
light source

detector

flow cell

loading pump
drainage tube

Figure 1 — Sample transfer and measurement system (side view)

A retention} containertshould be defined depending on the purpose of the measurement, e.g.to evalgate

the specification for)a generating system under the recommended condition or to understand

dispersed $ituation for each actual usage.

7.4.2 Configuration rnqnirnmnnfe forretention container
(=4

the

The retention container size should be defined after testing different sized containers at a trial run. In a
large container, microbubbles may disperse quickly leading to a low concentration.

The retention container structure should not be cylindrical shape in which microbubbles may rotate
inhomogeneously. It also should not be shallow shape in which microbubbles may float quickly to the

surface.

© IS0 2020 - All rights reserved
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Loading tube

1 Loading tube inner diameter

Inner diameter shall be equal or larger than at least 2 mm. Small inner diameter can affect microbubbles
characteristics due to interaction of the loading tube inner surface (see B.2).

7.5.

2 Loading tube length

Loading tube length should be short and may be defined by the length from the inlet tube mouth for the

med
mic
tim
inst

7.5

Cur]
and

7.5
As

Ral]
mic

7.5

Loal

dispersion. They shall not be soft materials)like natural rubber to prevent vibration. If mi

SUTIIE IMSTIUITENT O e GeteCting poimnt of the Measuring NSt uImernt. Long tube [engt
robubbles extinction due to interaction of the tube inner surface. It may be defined by th
b, flow rate and tube inner diameter. It is recommended to consider the volume insidé a
rument, that is the hidden tube and the flow cell volume up to the detecting point (See B\

3 Curvature of the loading tube

affect microbubbles characteristics.

4  Surface roughness

surface roughness of loading tube, the arithmetical{fnean deviation of the assess
1, is available. Surface roughness should be less than0,4 um. High surface roughness
robubbles adhesion and extinction due to interaction.oef the loading tube inner surface.

5 Loading tube materials

ding tube materials shall have hydrophobic'characteristic and shall not be eluted into m

may cause
e retention
measuring
).

vature of the loading tube should be larger than 100 mm. Small curvature’'may cause an ifiner vortex

ed profile,
may cause

icrobubble
crobubbles

arenegatively charged as microbubbleswithout shell, the tube materials shall not be positiv¢ly charged
matlerials like polyamide to prevent-adhesion. They should be negatively charged materialg like PTFE
(polytetrafluoroethylene) and PFA (perfluoroalkoxy alkane). (See B.3).

7.5/6 Suppression of loading tube sway

Sway or vibration of the loading tube may damage a measuring instrument and may int¢rfere with
accfirate measurements:

To inimize the.sway or vibration of the loading tube, the tube should be fixed at appropriate position.
7.6 Loading pump

7.6{1C- General

The samples shall be sucked from the back of the detecting point using a loading pump. The loading
pump should be adjustable of the flow rate. In addition, it should be sucked stably and be drained under
the atmospheric pressure. The pulsation created by a loading pump should be minimized to prevent
from producing large uncertainties in the results. The loading pump can include devices to minimize
pulsation like a dumper, an air chamber and longer drainage tube.

7.6.2 Flow rate (Flow velocity)

Flow rate should be slow to avoid deformation and coalescence due to rapid fluid flow. Reynolds number
calculated from flow rate shall be less than 2 300 at which the transition from laminar to turbulent
flow occurs. It should preferably be less than 1 150.

© IS0 2020 - All rights reserved
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Calculate the Reynolds number using Formula (1):

_Vxd
14

Re (@8]

where

Re is Reynolds number;

V  is the flow velocity;

d isthe inner diameter of the loading tube;
v isthe kinetic viscosity.

The flow rate should be greater than 25 ml/min for prompt measurement, although the\lower lim|t of
flow rate mpay be automatically defined by the loading tube inner diameter and lengths, (See B.1).

7.7 Retdntion time

The retent]on time can be calculated using Formula (2):

2
retention time:[ (%) X1+V, ]/q (2)

where

d istheinner diameter of loading tube;
I istheloading tube length including inside tube in the measuring instrument;

V.

. is the cell volume to reach the detectingpoint;

q isthe flow rate from the point generating or dispersing microbubbles in the retention contajner
tolthe detecting point of the méasuring instruments.

The retentlion time is the most important parameter to measure microbubbles without shell with
diameter equal or larger than 10-pm. For prompt measurement, it should be equal or less than 5 s. Itfcan
be set at sgveral timing to reveal the behaviour of microbubbles, like 5 s, 10 s and 15 s. (See Annex 4).

7.8 Dispersion before/during sampling for microbubbles with shell

Microbubbles withshell shall be dispersed homogeneously before/during the measurement. A magnfetic
stirrer can|be used to disperse homogeneously. See Figure 2.

6 © IS0 2020 - All rights reserved
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Key)

N U1 A W N

8
Med
a)

b)

A

12
7 . [ ya
11
8+ | [ 9
10
6

stirrer

magnetic stirrer

retention container

microbubbles with shell

inlet tube mouth for measuring instrument
loading tube

7
8
9
10
11
12

medsuring instrument
light source

detector

flow cell

loading pump
drainage tube

Figure 2 — Dispersion before/during sampling system (side view)

Procedure

surements shallbe carried out in accordance with the following procedure.

Generate mierobubbles without shell or disperse microbubbles with shell into a retentio

until they.are homogenized.

Suckimicrobubbles dispersion with the inlet tube to load into the flow cell.

Adjust the retention time referring to 7.7.

N container

d) Measure microbubbles five times or more during generating.

e)

9

9.1

Measure the blank water.

Data acquisition

General

All data should be accumulated and summed statistically.

© IS0 2020 - All rights reserved
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9.2 Measurement time

Measurement time should be set as to minimize the variability. It shall be defined at a trial run.

9.3 Number of measurements

Data should be acquired 5 times or more repeatedly. The sequential data can be used to sum the average
of the size indices and uncertainty evaluation. (See Annex D).

9.4 Size

category

The size ¢
ISO 20480

1 pmto 10

q

NOTE
reliability a

htegory of microbubbles is defined as follows in accordance with fine bubble index
2).

pum, 10 pm to 100 pm

Jome measuring instruments do not include the size range from 1 pm to 10, jirh. In all cases

hd the uncertainty of the instruments need to be checked.

9.5 Results

The averag

e size and/or the modal size of microbubbles can be reported-as the representative va

The size range should be categorized as specified in 9.4.

9.6 C(alil

bration and traceability

The measufring instruments shall be calibrated in accordange with the standard used, e.g. ISO 1332

[SO 13320,

9.7 Unc

or ISO 21501-3.

ertainty evaluation

see

the

lue.

The uncerftainty of measurements should.be composed of repeated measurement uncertainty,
calibration| uncertainty and others uncertainties (e.g. operators, flow rate and temperature). (See
ISO/IEC Gdide 98-1[2], ISO/TS 21749(3]),

10 Correction

10.1 General

Other corrgctions as well as calibrations especially important for microbubbles are specified as follpws

and shall b

10.2 Res¢

e applied:

rrved water used for blank preparation

The micro-scale objects are all picked up by the measuring instrument no matter if they are
microbubbles or not, and may be wrongly identified as microbubbles. In order to correct the reading of
the measuring instrument, one can assume that microbubbles without shell with low bubble stability
differ from those with high bubble stability, other micro-scale objects such as solid particles. Practically,
after the measurement on sample water, the sample water is kept for considerably longer time than
the bubble stability of microbubbles. The latter status of the sample water is used as the blank, whose
measurement result is to be subtracted from that of previous status of the sample water, yielding the
number distribution of the microbubbles. The size index is then calculated by taking statistics on the
number distribution. (See Annex C).

The preparation of the blank is one of the essential process of the measurement and is conducted
typically by leaving the sample water for a day in a given environment. The optimized environment

© IS0 2020 - All rights reserved
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and procedure should be established by using reference sample water with used liquid and standard
materials such as poly-styrene latex.

11 Report
The following information should be reported based on the testing results:
a) size index of microbubbles with measurement uncertainty;

b) the measurement time;

c) |theretention time from the generating or dispersing point to the detecting point;

d) |gas medium, liquid medium;

e) |history of microbubbles, guaranteeing the reproducibility of the measuremefitresults;
f) |environmental condition of microbubble dispersion, temperature, relative-humidity, pressure;
g) |date, time of measurement;

h) |identification of measuring instrument;

i) |identification of generating system;

i) |identification of measurement officer;

k) |identification of location of the measurement;

1) |declaration statement on the reliability of the.measurement result.

© IS0 2020 - All rights reserved 9
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Annex A
(informative)

Example of microbubbles without shell measurement using
dynamic image analysis

A.1 Sample transfer and measurement system

This sample transfer and measurement system contains the retention container generated microbubples
and the m¢asuring instrument whose principle is dynamic image analysis methods withflow cell.[See

Figure A.1,

It can be pet a given container for actual usage. The position of inlet tube mouth for measufing
instrument can be optimized to meet the purpose, or microbubbles can.be’measured at sevgral
positions. The water, after microbubbles disappear, works as diluent in a ]arge retention containef. In
this case, the concentration may decrease.

10 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=b66cbc53e2678cebf28ba3c6af17cf3c

IS0 21910-1:2020(E)

1
Key
1 |generating system 7>  measuring instrument
2 |outlet tube for generating system 8  light source
3 [|retention container 9  detector
4 |microbubble 10 flow cell
5 |inlet tube mouth for measuring instruthent 11 detecting point
6 |loading tube
NOTE The size of the retentien container is 0,25 m in width, 0,25 m in depth, and 0,25 m in height.
Figure A.1)— Example of sample transfer and measurement system
A.Z Procedure
Gerjerate microbubbles into a retention container until they are homogenized.
Suckmicrobubbles dispersion with the inlet tube to load into the flow cell.

Adjust the retention time as toset 5s, 10 sand 15 s.
Measure them five times or more during generating.
Leave the sample water for a day to prepare the blank water of microbubbles without shell.

Measure the blank water in the same way as microbubbles dispersion.

A.3 Number concentration

Measure the number concentration of the standard particle diluted water prepared as several kinds of
the concentration under the same condition as microbubble measurements.

© IS0 2020 - All rights reserved 11
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Draw a calibration curve with the known number concentration and the output data.

Calculate the number concentration of microbubble from the output data using a calibration curve. See
Figure A.2.

Y
4000

3500 ,
3000 .
2500
2000

1500 j
1000

500 "
o

\ \ \
0 5000 10 000 15000 20000

Key
X numbef concentration of standard particle dilute sample (ml)
Y value of measuring instrument (counts/10 min)

P regressjon line by the least squares method

Figure A.2 — Example-of calibration curve

A.4 Example of measurement results

Figure A.3 shows the relationship between size distribution and retention time, and Table A.1 showgthe
relationship between mean or modalsize and retention time within the size range of 10 pm to 100 fum.
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Figure A.3 — Relationship bétween size distribution and retention time

Table A.1 — Relationship between mean or modal size and retention time

within the size range of 10 pm to 100 pm

Retention time 5s 10 s 15s
Mean(size (um) 50,2 56,1 61,4
Modal'size (um) 47,5 61,4 69,8
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Annex B
(informative)

Effect of setting arrangement

L e—

This is thel example of comparisons among different flow rates using laser diffraction methods with
flow cell.

Flow rate gnd tube length are adjusted to keep the identical retention time. Higher flow'rate and lojger

tube length cause decrease the number of microbubbles and enlarge the size of them_See Table B.1 pnd
Figure B.1.

Table B.1 — Example of the setting comparing among the flow rate

Condition 1 Condition 2 Condition 3
q Volume flow rate (ml/min) 166 211 362
Re Reynolds number? 986 1254 2151
\Y Velocity (mm/sec)P 220 280 480
| Tube length (m)¢ 0,7 1,0 2,0
d Tube diameter (mm) 4
Kinetic viscosity (cSt{mm?Z/s}) 0,893
RT Retention time (second) 5
V. Cell volume (ml) 5
a  Calculaed by Formula (1) (see 7.5.1).
b Calcula]ed using volume flow rate and tube diameter.
¢ Adjustefl to keep the identical retentiofi time.
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Figure B.1 — Relationship between size distribution and flow rate

B.2 Tube diameter and length
Thip is the example of comparisons between different tube diameters. Tube diameter and|length are

adjysted to keep the identical-tetention time and the nearly identical flow rate. Smaller tube diameter
and|long tube length cause deerease the number of microbubbles. See Table B.2 and Figure H.2.

Table B.2 — Example of the setting comparing among the tube diameter and length

Condition 4 Conditign 5
d Tube diameter (mm) 2 4
1 Tube length (m)? 2,5 0,7
Re Reynolds number? 1854 986
V Velocity (mm/sec) 828 220
Volume flow rate (ml/min) 156 166
\ Kinetic viscosity (cSt{mm?/s}) 0,893
RT Retention time (second) 5
V. Cell volume (ml) 5
a  Adjusted to keep volume flow rate the same level.
b Calculated by Formula (1) (see 7.5.1).
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B.3 Tube materials

This is the

Figure B.2 — Example of size distribution

example of comparisons between'different tube materials. One is PFA, negatively chargefl as

microbubblles without shell. Another is polyamide, positively charged materials. Latter causes decrgase

the numbe

16

I of microbubbles. See Table By3 and Figure B.3.

Table B.3 — Example-of the setting comparing among the tube materials

Condition 6 Condition 7
Matetial PFA Polyamide
Charge Negative Positive
Surface roughness Ra 0,19 0,08
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Figure B.3 — Example of size distribution comparing among the tube materialls
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(informative)

Example of corrected data by subtraction of blank water

This is the example of subtraction of blank water using dynamic image analysis methods with flow

cell. Microbubble-dispersion-A-shows-theresult-measuringmicrobubble-dispersionwhich-mayinelude
some solid|particles as contaminants. Blank water B shows the result measuring blank water, whidh is
prepared By leaving the microbubble dispersion for a day under a given environment. The corre¢ted
data are sybtracted value of Blank water B from value of microbubble dispersion A. See Table C.1 fand
Figure C.1.
Table C.1 — Example of the measurement results (Size range: 10 pm t0.100 pm)
Microbubble Blank water
Sample description dispersion B A-B
A
Number cdncentration (/ml) 68 639 18 68 621
Megn size(um) 32,7 37,5 32,7
Modal size(pum) 27,0 20,5 27,0
NOTE1 Thif is an example of the measurement results under the conditien of 5 s’ retention time.
NOTE2 Nurpber concentration is calculated using the calibration curvesmade for each measurement.
Y |4
1,6E+03
1,4E+03
1,2E+03 b 4
L4 .
8E+02 'ﬂ—
*
6E+02 P4 3
‘ L3
4E+02 é >
2E+02
0
1 10 100 Y

Key

X  size (um)

Y number concentration(/ml)

¢ size distribution of microbubble dispersion
® size distribution of blank water

Figure C.1 — Example of size distribution comparing among microbubble dispersion and
blank water
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