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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 prog¢edures used to develop this document and those intended for its further maintenance ate
describefl in the [SO/IEC Directives, Part 1. In particular, the different approval criteria needed\for the
different| types of ISO documents should be noted. This document was drafted in accordance with the
editoriallrules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

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

Any trade name used in this document is information given for the conveniénce of users and does npt
constitute an endorsement.

For an ¢xplanation of the voluntary nature of standards, the-mganing of ISO specific terms arnd
expressipns related to conformity assessment, as well as infermation about ISO's adherence to the
World Trjade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/
iso/foreword.html.

This dochiment was prepared by Technical Committee {SO/TC 281, Fine bubble technology.
Alist of 1l parts in the ISO 21256 series can be found on the ISO website.

Any feedpack or questions on this document should be directed to the user’s national standards body.|A
completg listing of these bodies can be found-at www.iso.org/members.html.
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Introduction

Salt and materials derived from other pollution sources are known to coat surfaces of exterior of
steel structures over time. Highway bridges and other steel structures are particularly vulnerable to
anti icing salts or ocean spray. It is necessary that this contamination be removed in order to prevent
growth of corrosion and to preserve the life time of the structure. Maintenance is conducted at times of

inspection, possibly via the erection of suitable scaffolding and platforms and therefore a rapid
cleaning mechanism is essential.

Hﬁgn-pressure water sprays are commonly used Ior the cleaning method due to their hydro

environment.

o

ted for the high-pressure spray is augmented with the addition of ultrafine bibbles (UFB)
arkets of ultrafine bubble water or its generating systems are growing rapidly.

ibble waters and their generating systems.

trafine bubbles under standardized conditions based on the most commonly used criteriz
bdrodynamic characteristics of high-pressure water spray, quality of raw water before mix
trafine bubbles, quality of salt stain, quality and dimension of coating and substrate of

u
1]

T

0

b

The test procedure correlates the ultrafine bubble enhancedyperformance with the preg
u

h

u

nfaterial and testing environmental conditions.

I1} this document, the presence of ultrafine bubbl€s:is evaluated by measuring their sizes and
concentrations. The performance of the methodis assessed by measuring the change in remoy

steel bridges long exposed to environments of express ways.

This document is intended to be msed as a guidance for conducting tests and gathering mor
develop an International Standard:

efficient

dynamic

ppwer. The method requires the operator long term engagement to dangerous operation inrinhpspitable

tthas been shown recently that cleaning process is much more effective and quieker once the water

and that

his document is intended to provide users of such products and systenis“with objective infprmation
h the cleaning performance of ultrafine bubble water and to facilitate the improvement of jultrafine

sence of
such as
ing with
est steel

number
al of salt

filom the test sample surface due to application of the ultrafine bubble water relative to that of plain
wlater as control. Example application of the test procedure demonstrates the test results on various

b data to
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Fine bubble technology — Cleaning applications —

Part 1:
Test method for cleaning salt (NaCl)-stained surfaces

Scope

1

This document describes the test method to evaluate the cleaning performance of ultrafine bubble
wjater when used in high-pressure water jet to wash out salt-stained steel surfacess
T
p

he evaluation is carried out by measuring comparative removal of salt stain from the surface of a test
ate with the ultrafine bubble water to that with control water.

Normative references

nstitutes requirements of this document. For dated referénces, only the edition cited applies. For

2
The following documents are referred to in the text in such asway that some or all of theif content
c
uhdated references, the latest edition of the referenced dogeiinient (including any amendments) applies.

[0 20480-1, Fine bubble technology — General principles for usage and measurement of fine bybbles —
Part 1: Terminology

140 20480-2, Fine bubble technology — General principles for usage and measurement of fine bybbles —
Part 2: Categorization of the attributes of fine hubbles

3| Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 20480-1, ISO 20480-2 and the
fqllowing apply.

[40 and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

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

3/1
hjgh-pressure water jet
equipmént that forces water out of a small orifice at high speed

3|2

cOntrol water

blank water

water used as reference in comparative test on the ultrafine bubble water

4 Principle of cleaning performance test

Cleaning of salt stains is performed using water containing ultrafine bubbles that are uniformly
distributed in the water medium.

The characteristics to define the ultrafine bubble water are the diameter and the density distribution
of ultrafine bubbles.

© IS0 2020 - All rights reserved 1
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The performance of the cleaning test is dependent in principle on the characteristics of the ultrafine
bubble water and the hydrodynamic performance of the high-pressure water jet as well as the
characteristic of the salt stains and the test environment.

In the test method, the characteristics of the high-pressure water jet, the salt stains and the test
environment are fixed, while the ultrafine bubble characteristics are modified to assess how ultrafine
bubbles can enhance performance.

The change in performance is assessed by measuring the density of salt stains after removal by high-
pressure water jet using ultrafine bubble water and control water.

5 Testapparatus for cleaning test
5.1 Hiph-pressure water jet

5.1.1 Test conditions

A high-pressure water jet is used to carry out the cleaning test, as shown in Figlire 1.
The test ponditions are as follows:

a) highfpressure water jet nozzle: inner diameter 6 mm at outlet;

b) watdr temperature: 15 °C to 25 °C.

Key
1  nozzle of high-pressiire' water jet
2 watef flow

3  steelltest plate

Figure 1 — Salt removal method using a high-pressure water jet

5.1.2 Characteristics of the high-pressure water jet
The characteristics of the high-pressure water jet should be as follows.

a) The high-pressure cleaning machine should have an outlet pressure from 5 MPa to 9 MPa and the
amount of outlet cleaning liquid should range from 300 1/h to 400 1/h. The cleaning width on the
target should be stable, between 250 mm and 300 mm at a distance of 2 m from the outlet gate.

b) Ultrafine bubble water should be continuously supplied to the high-pressure water jet during the
cleaning test.

2 © IS0 2020 - All rights reserved
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5.2 Measuring instrument

After removal, the adherent salt stains on the test plate shall be measured using a surface salinity meter

to perform density measurements.

The following conditions apply:

a) the surface salinity density is measured based on the electrical conductivity data after conversion

(see ISO 8502-914]);

honldbho 41 07 (o
oC—=1—70 101

s
s
b
b
b

[«=]

10 OC and CNnocy
TOH-5edHTt T ahtov—G

b‘ Braciciarn
Preets

a|

Apnex A shows an example of surface salinity meter, according to ISO 8502-9.

6 Salt-stained steel test plate for cleaning performance test
The salt-stained steel test plate shall have the following features:

flat plate with simple configuration;

b] plate made of steel of carbon steel grade;

c] with dimensions 530 mm x 530 mm and thickness 10 mm.

7| Procedure

711 General

The salt density is measured before and after cleaning the surface of the steel test plate. The
bg very carefully conducted from the beginning to the end as it is a destructive test.

712 Measurement before cleaning the surface of the steel test plate

Salt density shall be measured before cleaning the surface of the steel test plate in accordance
fqllowing procedure.

Four even-numbered-peints on the surface of the steel test plate are measured with th
salinity meter. See-Eigure 2.

fest shall

with the

b surface

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=9130ec62e118074ee54eedb48ea7d3dc

ISO/TS 21256-1:2020(E)

3 / 9
5 6

Key
1  notnpeasured initially 6 Dinitial-6
2 Dinitid-2 7  not measured initially
3 notneasured initially 8  Dinitial-8
4 Piitd-a 9 notmeasured initially
5 notnpeasured initially

b) The
Pinitig
where p;

7.3 Clq¢

Figure 3
the surf3

Figure 2 — Initial measuring points.before cleaning

nitial salt density average is calculated using Eormula (1):

1= (Pinitial-2 * Pinitial-4 * Pinitial-6 T Pinitial-s}/& (

tia 1S the initial adherent average valtie before cleaning on the surface (mg/m?).

raning method of the surface of the steel test plate

shows an outline of the-test method. When reproducibility of manual operation, for cleaniy
ce, is significantly deteriorated, introduction of automatic operation is recommended.

tance of 2 m is kept’between the outlet gate of the high-pressure water jet and the surface
teel test plates

steel test plate is tightly fixed and the cleaning liquid of the high-pressure water jet is outlet
angle to'the surface of the steel test plate.

“«_n

high<pressure water jet is reciprocally moved like a round-trip starting from “a”, going throug

)

18

Of

nt

c”and “d” and returning to “a” as shown in Figure 3. The number of repetitions is arbitrary, b

1t

a) Adis
the s
b) The
righ
c) The
llb", «
20 ti

mes are enough.

d) Time needed for the nozzle to make a reciprocal move is approximately 1 s.

e) To compare removal quantities, cleaning liquid with or without ultrafine bubbles is applied for the
cleaning test.

© IS0 2020 - All rights reserved
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530 mm

Kpy
1| surface of steel test plate, standing up vertically
2| water flow from “a” to “b”

3

(]

water flow from “c” to “d”
Figure 3 — Cleaning method

714 Measurement of salt stains after cleaning the surface of the steel test plate

Salt density shall be measured after cleaning the Surface of the steel test plate in accordance
fdllowing procedure.

with the

b surface

a] Five odd-numbered points on the subface of the steel test plate are measured with th¢
salinity meter, as shown in Figure 4.
4
I T
| |
| 1
s %
; i
=T Lo e 7
| j
O Q|
1 1
27 e L ] 8
1 i
O q QO
1 i
3 : i * 9
5 6
Key
1 pawa 6 not measured after cleaning
2 notmeasured after cleaning 7 Paw-7
3 Paws 8 notmeasured after cleaning
4 not measured after cleaning 9 Pawo
5 Paw-5

Figure 4 — Measuring point after cleaning
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r cleaning, the average salt density is calculated using Formula (2):

Paw = (paw-l * Paw-3 T Paw-5 T Paw-7 * paw-9)/5 (2)

where p,,, is the adherent average density after cleaning the surface (mg/m?).

c) The

surface of the steel test plate is cleaned until a specified maximum number of cleaning or until

the residual salt density value reads "0". The surface is measured at every cleaning stage.

8 Cal¢ulation method of salt stain removal

81 C

The test

The adhgrent removal ratio is defined as Formula (3):

R

asr
where

R

asr
Piniti
Paw

Annex B
density 3

8.2 Calculation method of salt removal quantity

The salt
Q=p

where

Q
Paw

Piniti

culation method of salt removal ratio

Fesults are reported by using either the salt removal ratio or the removal quantity-{see 8.2).

i Pinitial ~Paw B)

Pinitial

is the salt removal ratio;
., is the initial salinity density (mg/m?);
is the measured salinity density after cleaning {mg/m?2).

shows an example of evaluation results. for the initial salinity density, the measured sdlt
fter cleaning and the removal quantity.

removal quantity is defined as Formula (4):

mitial ~ Paw (4)

is the remowval quantity (mg/m?2);
is theimeéasured adherent density after cleaning (mg/m?2);

1 As the initial adherent density (mg/m?2).

9 Testreport

The test report shall contain at least the following information:

a) desc
cons

ription of the weather conditions, washing liquid, washing machines, measuring instrument
idering they might influence the quantity of adherent stain and removal;

b) temperature and humidity;

c) test

conditions (pre-treatment condition, washing machine, washing liquid type measuring

machine and other conditions);

© IS0 2020 - All rights reserved
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d) test results (washing frequency, initial adherent density, and measured adherent density after
washing and removal quantity);

e) any deviations from the procedure;
f) any unusual features observed;
g) testdate (month, day, and year).

Annex C shows an example of a test result table.

© IS0 2020 - All rights reserved 7
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The surf;

Annex A
(informative)

Surface salinity meter

injected from an injection syringe into the measuring cell fixed on the steel surface and surface salinity
is dissolyed. According to the electrical conductivity, the surface salinity meter displays water-solubje

salinity density and surface salinity density after calculating the NaCl density.

Figure Al1 shows a typical example of surface salinity meter, according to ISO 8502-9.

General view

Key

1  operjtion key

2 LCD display

3 meaduring cell

4 churning switch

5 injecfing syringe
6  cabldg (1 mlength)

Figure A.1 — Example of a typical surface salinity meter

DimensSions in millimetres

Sn

Measuring cell
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Annex B
(informative)

Example of evaluation results for cleaning of steel bridge girder

edges
Table B.1 summarizes the test results for the cleaning performance of ultrafine bubble waterswith salt
r¢moval ratio.
Flgure B.1 and Figure B.2 show the change in the residual salinity densities due to successive ificrement
of jet stroke operations, which visualize the ultrafine bubble enhanced cleaning,
Table B.1 — Example of test results for cleaning of steel bridge girder edges
Without UFB (Control water) UFB water
Salt Salt
Initial value Value a!fter removal | Ihitial value Value agfter Removal
cleaning . cleaning -
ratio ratio
mg/m? mg/m? % mg/m?2 mg/m?2 %
Ghugoku | Mibu 88,8 5,0 94 96,6 0,2 99,8
Hxpressway |bridge
Takata 48,8 5,5 88,7 93,4 0,1 99,9
bridge
Miwa 82,2 1,5 98,2 1071 0,2 99,8
Bridge
Fukatani 17,4 4,0 77,0 21,3 0,2 99,1
bridge
Kouchi
River 38,5 2,9 92,5 25,6 0,2 99,2
bridge
Hinokami
River 64,2 3,0 95,3 93,9 0,7 99,2
bridge
Bicchu
River 64,3 4,2 93,5 54,3 0,3 99,4
bridge
Qkayama Hokubo
Fxpressway”|JCT-B 67,5 8,1 88,0 81,4 2,7 06,7
Ramp
bridge

© IS0 2020 - All rights reserved 9
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100

[—
0,1 ‘
0 5 10 15 20, X
Key
X number of strokes
Y relative residual salinity density in %

—— |enhanced (= with UFB)
--®~-- |control (= without UFB)

Figure B.1 — Results reported for Mibu bridge

100

10

1
[—
0,1 T
0 5 10 15 200y
Key
X number of strokes
Y relative residual salinity density in %

—e— enhanced (= with UFB)
--@~-- control (= without UFB)

Figure B.2 — Results reported for Sanwa bridge
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