INTERNATIONAL

ISO

STANDARD 7203-2

Third edition

2019-07

Fire extinguishing media~="Foal
concentrates —

Part 2:

Specification for medium- and hi
expansion foam‘concentrates for
application to'water-immiscible

Agents extincteurs.=— Emulseurs —

Partie 2: Spécifications pour les émulseurs moyen et haut
foisonnements destinés a une application par le haut sur |
non misgibles a l'eau

m

gh-
top
liquids

s liquides

Reference number
1SO 7203-2:2019(E)

©1S0 2019


https://standardsiso.com/api/?name=8260ef94b428846031ef9ca7c29f51b0

ISO 7203-2:2019(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2019

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=8260ef94b428846031ef9ca7c29f51b0

ISO 7203-2:2019(E)

Contents Page
FOT@WOT ... et eeeeeeeeeeeeeeeeeeereeseeeee v
0010 00 Y6 0 ot o (0) o VS0 vi
1 S0P ... 1
2 NOIFINATIVE TEECI@INCES .........ooooooooeeeeeeeeeoeeeeeeeeeeeeeee oottt ettt ettt e eeeeeese e 1
3 R @ T Y o Lo B0 = 0 0 o (0] o KOOSO 1
4 Classification and uses of foam concentrates e, 4
4.1 (O3 3314 Tz= L Lo o US04 NS 4
4.2 USE WILN SEQ WaATET ......oooooeeeeeeeee oo eeeeeeeseneseeeeseseeeseeeeeenenee s e e 4
Tolerance of the foam concentrate to freezing and thawing................... "o, 4
Sediment in the foam CONCENETATE ...l e oo 4
6.1 Sediment DefOre ageINg ... e bt e 4
6.2 Sediment after AGEINE ...t et 4
7 Determination Of VASCOSILY ... S adhos s oo 4
7.1 A\ LS w ) VL=V o T {0 Y= 00 a el o) aXet<) 0 1 = Lo <X J O o T RS 4
7.2 Pseudo-plastic foam CONCENLIALES ...yt 4
8 pH of the foam concentrate..............
8.1 PH HMitS.
8.2 Sensitivity to temperature
9 Surface tension of the foam SOIUTION ... 50 e 5
9.1 Before temperature CONAitIONINE ... g e 5
9.2 Temperature SENSITIVILY ... a0 e 5
10 Interfacial tension between the foam solution and cyclohexane.................cofocin, 5
10.1  General
10.2 Before temperature CONGEIONING ...t 5
10.3  Temperature SENSITIVIELL ... s 5
11 Spreading coefficient of .the foam solution on cyclohexane ... for, 5
12 EXPANISIONL ..o s
12.1 Medium-expansion foam concentrates — Limits
12.2 High-expansion foam concentrate — LimitsS.......coinins

13 TSt fire PEITOTIMAIICE ... s 6

14 Marking, packaging and specification sheet
14.1  Marking ...
14.2 Packaging
143 Specification sheet

Anne

Annex B (normative) Determination of tolerance to freezing and thawing............ccce. 9
Annex C (normative) Determination of volume percentage of sediment ... 11
Annex D (normative) Determination of viscosity for pseudo-plastic foam concentrates................ 12

Annex E (normative) Determination of surface tension, interfacial tension and spreading
COCTTICIOIIT ... 14

Annex F (normative) Determination of expansion and drainage time for medium-
€XPanSion fOAM CONMCEMETATES ...t 15

Annex G (normative) Determination of expansion anddrainage time for high-expansion
FOAIM COMOEIIETATES ...t 20

© 1S0 2019 - All rights reserved iii


https://standardsiso.com/api/?name=8260ef94b428846031ef9ca7c29f51b0

ISO 7203-2:2019(E)

Annex H (normative) Determination of test fire performance formedium-expansion foam

COTMCERIIETATES ... 26
Annex I (normative) Determination of test fire performance forhigh-expansion foam

COMCECIIETATES ... 31
Annex J (informative) Determination of radiation measurement method.............ne. 36
Annex K (informative) COmMPAatIDILIEY ... 40
BIDIHOGTAPIY ...t 41

iv © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=8260ef94b428846031ef9ca7c29f51b0

ISO 7203-2:2019(E)

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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desdribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria.nes

e subject of
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trade name used in this document is information given for thé convenience of users a
titute an endorsement.

an explanation of the voluntary nature of standards, the meaning of ISO specific
essions related to conformity assessment, as wélloas information about ISO's ad
(World Trade Organization (WTO) principles in?jthe Technical Barriers to Trade
v.iso.org/iso/foreword.html.

This
fight

This
revi

The

document was prepared by Technical Committee ISO/TC 21, Equipment for fire protec
ing, Subcommittee SC 6, Foam and powder media and firefighting systems using foam anc

third edition cancels and replaces the'second edition (ISO 7203-2:2011), which has been
bed.

main changes compared to the previous edition are:
hddition of Clause 4 confaining specifications for Class A foam concentrates;
pxtension of Clause 2:

modification of €lduse 12 to run two tests instead of one and take the average of both va
having just one datum;

correction/of several figures;

the“extension of Annex H by a scheme of a decision tree and the modification of thg

nd does not

terms and
herence to
(TBT) see

tion and fire
| powder.

technically

ues instead

acceptable

Lfemperature range for testing fire performance;

— removal of Annex “Typical anticipated performance for various types of foam concentrate”.

Alist of all parts in the ISO 7203 series can be found on the ISO website.

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

Firefighting foams are widely used to control and extinguish fires of Class B (flammable liquids) and/or
Class A fuels (solid materials, usually of an organic nature) and for inhibiting reignition.

Foams can be used in combination with other extinguishing media, in particular halons, carbon dioxide
and powders, which are the subject of other International Standards, including, ISO 6183, ISO 7201-1,
[SO 7201-2 and ISO 7202. A specification for foam systems can be found in ISO 7076.

Attention is drawn to Annex K, which deals with the compatibility of foam concentrates, and the
compatibilipreffeamsandpewders:
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Fire extinguishing media — Foam concentrates —

Part 2:
Specification for medium- and high-expansion foam
concentrates for top application to water-immiscible liquids

1

This|
to m
reig

Thes
com

2

The
cons
und{

ISO

ISO
and

ISO
viscd

ISO
ISO

ISO
Cent

ISO
cond

ISO

Scope

document specifies the essential properties and performance of liquid foaim, conce
ake medium- or high-expansion foams or both for the control, the extinction and the i
hition of fires of water-immiscible liquids. Minimum performance on cextain test fires i

e foams are suitable for top application to fires of water-immiscible liquid. Those
ply with [SO 7203-1 are also suitable for top application to fires of\water-immiscible liq

Normative references
titutes requirements of this document. For dated, references, only the edition cited

804, Surface active agents — Determination, of surface tension by drawing up liquid films

B104, Petroleum products — Transparent-and opaque liquids — Determination of kinemd
Calculation of dynamic viscosity

B219, Plastics — Polymers/resins(inythe liquid state or as emulsions or dispersions — Dete
sity using a rotational viscometer with defined shear rate

B310-1, Test sieves — Technical requirements and testing — Part 1: Test sieves of metal wi
8696:1987, Water forandlytical laboratory use — Specification and test methods

3734, Petroleunr) products — Determination of water and sediment in residual |
rifuge method

1203-1, Fire'extinguishing media — Foam concentrates — Part 1: Specification for low-exp
entratesfor top application to water-immiscible liquids

(2033, Fire extinguishing media — Foam concentrates — Part 3: Specification for low-exp

trates used
hibition of
b specified.

foams that
1ids.

following documents are referred to in the text in such a way that some or all of their content

hpplies. For

ited references, the latest edition of the referenced'document (including any amendmernts) applies.

tic viscosity

‘mination of

re cloth

fuel oils —

ansion foam

ansion foam

conc

= b £ . 1 o n . . (3% S L]
TILruecs Jjur Ltop upprcutiornr to wuLlcr=riisCIivic rgurus

BS 5117-1.3:1985, Testing corrosion inhibiting, engine coolant concentrate (“antifreeze”). Methods of test
for determination of physical and chemical properties. Determination of freezing point

3 Terms and definitions

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

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

[SO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at http://www.electropedia.org/
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3.1

characteristic value
value declared by the foam concentrate supplier for the chemical and physical properties and the
performances of the foam, foam solution, and foam concentrate

3.2

25 % drainage time

time for 25

3.3
expansion

% of the liquid content of a foam to drain out

ratio of the

34

low-expan
expansion (|
concentrate

3.5

medium-e>
expansion (
concentratg

3.6

Olume of foam to the voluImne of the foarm Sotution from wiich itwas made

sion
3.3) in the range 1 to 20, as applied to foam and to associated equipment, systems
S

(pansion
B.3) in the range 21 to 200, as applied to foam and to associated“eéquipment, systems
S

high-expansion

expansion
concentratg

3.7
foam

3.3) greater than 200, as applied to foam and t@ associated equipment, systems
s

<firefightinjg> aggregate of air-filled bubbles formed from an aqueous solution of a suitable f

concentratg

3.8
concentrat
<foam> liqu

39
protein fod
P

foam concer

3.10
fluoroprot
FP

e
id that, when mixed with water in the appropriate concentration, gives a foam solution

m concentrate

itrate (3.8) derived from hydrolysed protein materials

bin foam concentrate

protein foalln concentrate (3.8) with added fluorinated surface-active agents

3.11

synthetic foam concentrate

S

and

and

and

oam

foam concentrate (3.8) based on a mixture of hydrocarbon surface-active agents and which can contain
fluorocarbons with additional stabilizers

3.12

alcohol-resistant foam concentrate

AR

foam concentrate (3.8) resistant to breakdown when applied to the surface of alcohol or other water-
miscible solvents

© ISO 2019 - All rights reserved
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3.13
aqueous film-forming foam concentrate
AFFF

foam concentrate (3.8) based on a mixture of hydrocarbon and fluorinated surface-active agents with

the ability to form an aqueous film on the surface of some hydrocarbons

3.14
film-forming fluoroprotein foam concentrate
FFFP

fluoroprotein foam concentrate (3.8) that has the ability to form an aqueous film on the surface of some

hydrocarbons

3.1
foam solution
solution of foam concentrate (3.8) and water

3.1
forceful application
appljcation of foam such that it falls directly onto the surface of a liquid fuel

31
gentile application

appljcation of foam indirectly to the surface of a liquid fuel via abackboard, tank wall or other surface

31
sediment
inso|uble particles in the foam concentrate

3.19
sprgading coefficient

valup calculated from the measured surface.and interfacial tensions to indicate the ability ¢
to spontaneously spread across the surface'ef another

3.20
temperature for use

f one liquid

maxjmum and minimum temperatures claimed by the manufacturer between whicli the foam

condentrate is ready for use

3.21
fluorine free foam concentrate
F3
foam concentraté)(3.8) which does not form an aqueous film on hydrocarbon fuels, b
targpeting Class'B-performance at forceful application and which does not contain any fluorag

3.2
Class A'foam concentrate

it which is
chemicals

foanp concentrate (3.8) for use on Class A fires

3.23

Class A fire

fire involving solid materials, usually of an organic nature, in which combustion normally
with the formation of glowing embers

Note 1 to entry: Adapted from ISO 3941:2007, Clause 2.

takes place

Note 2 to entry: Class A fires involve solid materials, usually of an organic nature (such as vegetation, wood, cloth
and paper), rubber, and some plastics, in which combustion can occur at or below the surface of the material with

or without the formation of glowing embers.
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4 C(Classification and uses of foam concentrates

4.1 C(lassification

The foam concentrate shall be classified as medium- or high- expansion or both and shall comply with
the appropriate requirements.

4.2 Use with sea water

If a foam concentrate is marked as suitable for use with sea water, the recommended concentrations for

use with frgq

5 Tolers

Before and
by the supj
stratificatid

Foam concq

requiremenjts given in other clauses of this document after freezing and thawing in accordance with A

6 Sedim

6.1 Sediment before ageing

Any sedime
sieve, and t
with Annexl

6.2 Sediment after ageing

Any sedimg
sieve, and t
with Annex]

7 Deter

7.1 Newl

The viscosi
shall be de

strwateramd sea water shattbe idermnticat:

Ince of the foam concentrate to freezing and thawing

after temperature conditioning in accordance with A.2, the foam concentrate, if clai
plier not to be adversely affected by freezing and thawing, shall show/|no visual sig
n and non-homogeneity, when tested in accordance with Annex B.

ntrates complying with this clause shall be tested for complianee with the approp

lent in the foam concentrate

nt in the concentrate sampled in accordance with A.1 shall be dispersible through a 18
e volume percentage of sediment shall be ©ot more than 0,25 % when tested in accord
C.

nt in the concentrate aged in_accordance with C.1 shall be dispersible through a 18(
he volume percentage of sediment shall be not more than 1,0 % when tested in accord
C.

mination of viscosity

onian fodm'concentrates

'y of the foam concentrate at the lowest temperature for use claimed by the manufact]
fermined in accordance with ISO 3104. If the viscosity is greater than 200 mm?2s-1

container shalllbe marked “This concentrate can require special proportioning equipment”.

med
n of

riate
.2.1.

pum
ance

pum
ance

urer
the

7.2 Pseudo-plastic foam concentrates

The viscosity of the foam concentrate shall be determined in accordance with Annex D. If the viscosity
at the lowest temperature for use is greater than or equal to 120 mPa*s at 375/s, the container shall be
marked “This concentrate can require special proportioning equipment”.

NOTE

have a viscosity that decreases with increasing shear rate at constant temperature.

Pseudo-plastic foam concentrates are a particular class of non-Newtonian foam concentrates and

© ISO 2019 - All rights reserved
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8 pH of the foam concentrate

8.1

pH limits

The pH of the foam concentrate, before and after temperature conditioning in accordance with A.2,
shall be not less than 6,0 and not more than 8,5 at (20 * 2) °C.

emperature
| be within

onditioning
accordance

more than

‘turer to be

8.2 Sensitivity to temperature

The difference in pH between before and after temperature conditioning shall not be greater than
1,0 gHommits:

9 Burface tension of the foam solution

9.1 | Before temperature conditioning

The | surface tension of the foam solution prepared from the concentrate, before t
conditioning in accordance with A.2, at the supplier's recommended-<concentration, shal
+10 Po of the characteristic value when determined in accordance with E.2.

9.2 | Temperature sensitivity

The purface tension of the foam solution prepared from the'concentrate, after temperature g
in agcordance with A.2, at the supplier's recommended ggncentration, shall be determined in|
with E.2.

The |[value obtained after temperature conditiofiing shall not be less than 0,95 times, or
1,05|times, the value obtained before temperature conditioning.

10 Interfacial tension between:the foam solution and cyclohexane

10.1 General

Interfacial tension shall only-be tested on foam agents which are declared by the manufa
aqugous film forming.

10.2 Before temperature conditioning

Before temperature conditioning in accordance with A.2, the difference between (a) the

tensjon between the foam solution prepared from the foam concentrate and cyclohe;
deteymjined-in accordance with E.3) and (b) the characteristic value for interfacial tensi

exc

d-1,0 mN/m or 10 % of the characteristic value, whichever is greater.

interfacial
xane (when
bn shall not

10.3 Temperature sensitivity

After temperature conditioning in accordance with A.2, the interfacial tension between the foam solution
prepared from the foam concentrate and cyclohexane shall be determined in accordance with E.3.

The two values obtained before and after temperature conditioning shall not differ by more than
0,5 mN/m.

11 Spreading coefficient of the foam solution on cyclohexane

The spreading coefficient shall only be tested on foam agents which are declared by the manufacturer
to be aqueous film forming.

© IS0 2019 - All rights reserved
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Before and after temperature conditioning in accordance with A.2, the spreading coefficient of the foam
solution prepared from a concentrate claimed by the supplier to be “film-forming” shall be positive
when calculated in accordance with E.4.

NOTE

type FP, P, F3 or S.

12 Expansion

12.1 Medium-expansion foam concentrates — Limits

The foam pj
with A.2, W
expansion (

12.2 High

The foam py
with A.2, w
expansion

13 Test fi

The foam pi
sea water a
resistance |

appropriatg.

Foam concentrates conforming with this clause are more likely to be of type AFFF or FFFP than of

oduced from the foam concentrate, before and after temperature conditioning in accerd
ith potable water and, if appropriate, with the synthetic sea water of H.2.4, shallbhay
fnotless than 21 when tested in accordance with Annex F.

-expansion foam concentrate — Limits

oduced from the foam concentrate, before and after temperature conditioning in accord
ith potable water and, if appropriate, with the synthetic sea water of 1.2.4, shall hay
fnotless than 201 when tested in accordance with Annex G.

re performance

oduced from the foam concentrate with potable water, and if appropriate, with the syntl
ccording to H.2.4 and/or 1.2.4, shall have an extinguishing performance class and burn-
vel as specified in Table 1 when tested in accardance with Annex H or Annex I, or bot|

Table 1 — Test fire performance

Types of expansion foam | Mediuni-expansion foam High-expansion foam

Extinction time, seconds Not more than 120 Not more than 150

I % burn-back time, seconds Not less than 30 Not applicable

14 Marking, packaging and specification sheet

ance
€ an

ance
€ an

hetic
back
h, as

14.1 Marking

14.1.1 The|followinginformation shall be marked on the shipping container:

a) designgtions(identifying name) of the concentrate and, as appropriate, the words “mediunr” or
"high”’ br“medium and high" and "pvpnncinn foam concentrate”;

b) if the concentrate complies with Clause 11, the words “aqueous film-forming”;

c¢) recommended concentration for use (most commonly 1 %, 3 % or 6 %);

d) any tendency of the foam concentrate to cause harmful physical effects, the methods required to
avoid them and the first aid treatment if they should occur;

e) recommended storage temperature and temperature of use;

f) if the concentrate complies with Clause 5, the words “Not affected by freezing and thawing” or, if
the foam concentrate does not comply with Clause 5, the words “Do not freeze”;

g) nominal quantity in the container;

6 © IS0 2019 - All rights reserved
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h) supplier's name and address;
i) batch number;
j)  words “Not suitable for use with sea water” or “Suitable for use with sea water”, as appropriate.

WARNING — It is extremely important that the foam concentrate, after dilution with water to
the recommended concentration, shall not, in normal usage, present a significant toxic hazard
to life in relation to the environment.

NOTE Recommended storage temperature and temperature of use are the same if the product is marked “do
not freeze”.

14.1.2 Markings on shipping containers shall be permanent and legible.

14.1.3 Itis recommended that non-Newtonian concentrates be appropriately identified.
14.1.4 Foam concentrates complying with ISO 7203-1 shall also be marked “low-expansion’
14.1.5 Foam concentrates in accordance with ISO 7203-3 shall also be'marked “alcohol resigtant”.

14.2 Packaging

The packaging of the foam concentrate shall ensure that thelessential characteristics of the foncentrate
are preserved when stored and handled in accordance with the supplier's recommendationg.

14.3 Specification sheet
14.3.1 Ifrequested by the user, the suppliershall provide a list of the characteristic values.

14.3.2 If the foam concentrate is Newtonian and the viscosity at the lowest temperature forfuse is more
than| 200 mm?2/s when measured in aecordance with ISO 3104, it shall be marked with the words “This
condentrate can require special preportioning equipment”.

14.3.3 If the foam concentrate is pseudo-plastic and the viscosity at the lowest temperature for use is
greafer than or equal te. 120 mPa-s at 375/s, it shall be marked “This concentrate can require special
progortioning equipment”.

14.3.4 Itis recommended that non-Newtonian concentrates be appropriately identified.

© IS0 2019 - All rights reserved 7
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Annex A

(normative)

Preliminary sampling and conditioning of the foam concentrate

A.1 Preli

The sampli
number of i

Store samp

NOTE C

iminary sampling

hdividual packages.

es in fully closed containers.

bntainers with a capacity of 20 | are suitable.

A.2 Conditioning of foam concentrate

A21 Ifth

hg method shall ensure representative samples, whether taken from a bulk container|or a

je supplier claims that the concentrate is not adversely dffected by freezing and thawying,

in B.2, befojre conditioning in accordance with A.2.2. If the foam\concentrate is adversely affected by

condition t}e concentrate sample through four cycles of freezing and thawing, generally as descijibed

freezing an

A.2.2 Con
(20 = 5) °C.

A.3 Subs

Test sample
before samj

equent testing

pling for further tests.

thawing, it shall be conditioned according to A.2.2 without prior freezing and thawing.

dition the concentrate in the sealed container for 7 d at (60 = 2) °C, followed by 1|d at

s prepared in accordance with A.1;or A.1 and A.2 as appropriate. Shake the sample contdiner

© ISO 2019 - All rights reserved
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Annex B
(normative)

Determination of tolerance to freezing and thawing

Apparatus

The

B.1.

B.1.
and

Figulre B.1 shows a typical form.

B.1.

65 nmim in diameter, with a stopper.

B.2

Set 1
sam

Top
on f1
if ne
cyliq

Plac
At t}h

tempperature of (20 + 5)°C:

Reps

Examine the satnple for stratification and non-homogeneity.

sual laboratory apparatus and, in particular, the following.
| Freezing chamber, capable of achieving the temperatures required in B.2.

P Polyethylene tube, approximately 10 mm in diameter, approximatelyl400 mm long
iwveighted at one end, with suitable spacers attached.

B Measuring cylinder, glass, of 500 ml capacity, approximately 400 mm high and ap

Procedure

he temperature of the freezing chamber (B:111) to at least 10 °C below the freezing
ble, measured in accordance with BS 5117-1:3, excluding 5.2.

Fevent the glass measuring cylinder (B.1:3) from breaking due to expansion of the foam
eezing, insert the tube (B.1.2) into:the measuring cylinder with the sealed end downwar
cessary to avoid flotation, the spacers ensuring it remains approximately on the centra
der. Fill the cylinder and fit the stopper.

e the cylinder in the freezing chamber, cool it and maintain at the required temperaty
e end of this period, thaw the sample for not less than 24 h and not more than 96 h in

bat three timesto-give four cycles of freezing and thawing before testing.

and sealed

proximately

boint of the

roncentrate
d, weighted
| axis of the

re for 24 h.
an ambient
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Nominal dimensions in millimetres

210

=2 = ———T

Key

1 spacers (e.g. plastic cable strap)

2 mass at sealed end

10

Figure B.1 — Typical form of polyethylene tube
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C1

Use
sam
(60 ;

C.2
The

C.2.]

Cenflrifuge tubes complying with [SO 3734 are suitable.

C.2.]
A ce

C.2

C.2.4

C3

Cen
reco

Was
can

.3 Sieve, of nominal aperture size 180 ym, complying with ISO 3310-1.

ISO 7203-
Annex C
(normative)

Determination of volume percentage of sediment

Sampling

2:2019(E)

h sample prepared in accordance with A.1. Ensure that any sediment is dispersed'by
ble container. Take two samples, testing one immediately and the other after ageingfor
E 2) °Cin a filled container without access to air.

Apparatus

usual laboratory apparatus and, in particular, the following.

| Centrifuge tubes, graduated.

. Centrifuge, operating at (6 000 + 600) m/s2.

htrifuge complying with ISO 3734 is suitable.

.  Wash bottle, plastic.
Procedure
rifuge each sample of-the concentrate for (10 + 1) min. Determine the volume of the se

d it as a percentagé-of volume of the centrifuged sample volume.

br cannot be‘dispersed through the sieve by the jet from the plastic wash bottle (C.2.4).

shaking the
(24 £ 2) h at

diment and

h the contents¢of the centrifuge tube (C.2.1) onto the sieve (C.2.3) and check whether the sediment

© IS0 2019 - All rights reserved
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Annex D
(normative)

Determination of viscosity for pseudo-plastic foam concentrates

D.1 General

This annex
procedure i

NOTE P
a viscosity w

D.2 Viscq

D.2.1 Apparatus

The usual 12

D.2.1.1 Re¢tational viscometer, in accordance with ISO 3219 with the following parameters:

maxim

maxim

The viscon]
temperatur

D.2.2 Test temperatures

The viscosi
temperatury
temperatur

D.2.3 Vis

If the samp
apparatus §

bives the procedure for determining the viscosity for pseudo-plastic foam concentrates
5 described in ISO 3219.

seudo-plastic foam concentrates are a particular class of non-Newtonian foam concentrate and

hich decreases with increasing shear rate at constant temperature.

psity determination

boratory apparatus and the following.

m shear stress of =75 Pa;
im shear rate of 2600/s.

eter shall be fitted with a temperature control unit which can maintain the sa
e within +1 °C of the required temperature.

y of the foam concentrate-shall be measured from 20 °C down to, and including, the lo
e for use claimed by the manufacturer, in increments of 10 °C. Use a fresh sample for
e.

Cosity meastrement

le contains‘suspended air bubbles, the sample shall be centrifuged for 10 min using
pecifiedsin C.2.1 and C.2.2 before the sample is placed in the apparatus.

The

have

nple

ivest
each

the

The test shquld be performed according to the following test procedure:

a) Adjust the temperature control unit.

b) Setthe gap.

c) Apply the sample.

d) Waita minimum of 10 min (with no shear) to reach temperature equilibrium.

e) Pre-shear for 1 min at 600/s.

f)  Wait 1 min without shearing.

g) Measure the shear stress for 10 s at each shear rate, starting at the lowest shear rate (preferably
at 75/s).

12 © IS0 2019 - All rights reserved
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h) Measure the shear stress at a minimum of eight different shear rates over the range (0/s to 600/s),
e.g. 75/s, 150/s, 225/s, 300/s, 375/s, 450/s, 525/s, 600/s. Calculate the apparent viscosity, v,
expressed in millipascal-seconds, as given in Formula (D.1)

v=1000x>L (D.1)
S2

where

s; s the shear stress, expressed in pascals;

5, is the shear rate, expressed in reciprocal seconds.

D.24 Results

Report the results as a table including test temperature, expressed in degrees.Celsius, the shear rate,
expijessed in reciprocal seconds, the shear stress, expressed in reciprocalyséconds, and the apparent
viscsity, expressed in millipascal-seconds.

© IS0 2019 - All rights reserved 13
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Annex E
(normative)

Determination of surface tension, interfacial tension and

spreading coefficient

E.1 Reagents and materials

E.1.1 Sol
analytical v
70 mN/m.

NOTE T
concentrate.

E12 Cyc

E.2 Prodedure for surface tension

Determine
method in 4

E.3 Prodedure for interfacial tension

After meas
at (20 £ 1)
cyclohexan

E.4 Spre

Calculate t]
solution (E.

tion of foam concentrate, at the recommended concentration for use incfreshly n
ater complying with grade 3 of ISO 3696:1987 and with surface tensignynot less

he solution can be made up in a 100 ml volumetric flask, using a pipette to measure the

ohexane, of purity not less than 99 %, for interfacial tension‘and spreading coefficient g

the surface tension of the solution (E.1.1) at a temperature of (20 * 1) °C, using the
ccordance with ISO 304.

iring the surface tension in accordahce with E.2, introduce a layer of cyclohexane (E
’C onto the foam solution (E.1.1),)being careful to avoid contact between the ring ang
. Wait (6 + 1) min and then measure the interfacial tension.

ading coefficient

ne spreading coefficient, S, expressed in millinewtons per metre (mN/m), between
1.1) and cyclohexane (E.1.2) from Formula (E.1):

Ye-Y,

nade
than

foam

nly.

ring

.1.2)
| the

the

(E.1)

is the surface tension of the cyclohexane, expressed in millinewtons per metre;

is the surface tension of the foam solution, expressed in millinewtons per metre;

per metre.

14

is the interfacial tension between the foam solution and cyclohexane, expressed in millinewtons

© ISO 2019 - All rights reserved
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Annex F
(normative)

Determination of expansion and drainage time for medium-
expansion foam concentrates

F.1 | Apparatus

The psual laboratory apparatus and, in particular, the following.

F.1.1 Collecting vessel, plastic, cylindrical, of volume known to *1 %,-équipped with a bottom
discharge facility, as shown in Figure E.1.

F1.17 Foam-making equipment, with nozzle as shown in Figures\F2 and E3 which, when tested
with| water, has a flow rate of between 3,1 1/min and 3,4 1/min at a‘hozzle pressure of (500 + 10) kPa
[(5,d % 0,1) bar].

F.1.3 Stop watch, or other timing device.

F.2 | Temperature conditions

Carry out the tests under the following temperature conditions:
— pir temperature (20 £.5) °C;

— foam solution temperature (@75 + 2,5) °C.

F.3 | Procedure

F3.1 Prepare two samples of foam concentrate in accordance with Annex A. Condifion one in
accofrdance with AnnexA.

F3.4 Carry out'the remainder of the procedure for each sample on the same day. Prepare a foam
solution of each sample following the supplier's recommendations for concentration, maximhum premix
time, compatibility with the test equipment, avoiding contamination by other types of foam, etc. Use
able’'water to make up the foam solutions and, if the suppher clalms that the concentrate igsuitable for

. 3 . aterlprepared in
accordance with F4 The concentratlon used in synthetic sea water shall be the same as the concentration
used in potable water.

F.3.3 Wet the vessel internally and weigh it. Record the mass as m;. Set up the foam equipment and
adjust the nozzle pressure to within the range (500 + 10) kPa [(5,0 + 0,1) bar] to give a flow rate between
3,11/min and 3,4 I/min. With discharge facility closed, collect foam, taking care that voids are not formed
in the vessel, and start the timing device when the vessel is half full. As soon as the vessel is full, stop

© IS0 2019 - All rights reserved 15
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collecting foam and strike the foam surface level with the rim, and clean the exterior surface of the vessel
of foam. Weigh the vessel and record the mass as m,.

Calculate the expansion, E, from Formula (F.1):

4
E=—+—
my —my
where
4 isthe vessel volume, expressed in litres;

(F1)

m;  i$ the mass, expressed in kilograms, of the empty vessel;

m,  i$ the mass, expressed in kilograms, of the full vessel.

Assume that the density of the foam solution is 1,0 kg/1.

Open the dfainage facility and measure the 25 % and 50 % drainage time. Determine the draiphage
either by placing the vessel on a set of scales and recording the mass loss or by collecting the drained
foam solutipn in a measuring cylinder. Adjust the drainage facility such thdt the drained foam solytion

can flow ouf but the passage of foam is prevented. For each sample carry out the test three times.

F.3.4 Forleach sample, calculate the mean values of the three test§ for the expansion and 25 %| and
50 % draingge time.

F4 Synthetic sea water

Prepare thq synthetic sea water by dissolving the components as given in Table F.1.

Table F.1 — Components of synthetic sea water

Percent mass fraction Component Chemical formula
2,50 Sodium chloride NaCl
1,10 Magnesium chloride MgCl,-6H,0
0,16 Calcium chloride CaCl,-2H,0
0,40 Sodium sulfate Na,SO0,
95,84 Potable water —

16
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Dimensions in millimetres

650
! ~
—

40

Key
1  pottom discharge facility

NOTE1 All dimensions are nominal.

NOTE 2 Nominal volume is 200 1.

Figure F.1 — Collecting vessel for determination of expansion and drainage time

© IS0 2019 - All rights reserved 17
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Key
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I
w N R O

18

Dimensions in millimetres
=340 |

>
S
ring Number Size
net 1
pipe 1
nut 1
acorn nyt 1 M6M 6
nipple 3 MHM 6
tee 1 G-1/4"-1/8"
nipple 1 G-1/4"
valve 1 G-1/4"
nipple 1 G-1/4"
nozzle 1 G-1/4"-3/8"
collar 1 G=1/8" GG3,5
pressur¢ gauge 1 12
1 G-1/4" 1-1,6 MPa D = 40
The nozgle shall be coaxial with thé barrel of the foam branch.
The pregsure gauge shall be poSitioned so as not to interfere with the air inlet of the branch.
Figure F.2 — Medium-expansion foam-making nozzle
© ISO 2019 - All rights reserved
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Dimensions in millimetres
260

5
\\———]

M~
a

Key
a [he screen shall be 24 mesh per inch, with a wirédiameter of 0,4 mm.

Figure F.3 — Net (2)

© IS0 2019 - All rights reserved 19
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Annex G
(normative)

Determination of expansion and drainage time for high-expansion

foam concentrates

G.1 Appllratus

The usual 12

G.1.1 Coll
known to *

G.1.2 Hig
tested with
[(50%0,1)

G.1.3 Sto]

G.2 Tem

Carry out the tests under the following temperature cotditions:

air tem

foam sd

G.3 Prodedure

G.3.1 Prej
accordance

G.3.2 Car
solution off
premix time
etc. Use pof]
suitable for

boratory apparatus and, in particular, the following.

ecting vessel (see Figure G.1), of volume, V, of approximately 500 1 and'that is accur
b 1, equipped with a drain at the base.

h-expansion foam generator, with nozzle as shown in Figures,G:2;G.3 and G.4 that,
ivater, has a flow rate of between 6,0 1/min and 6,2 1/min at a nozzle pressure of (500 + 10]
bar].

D watch, or other timing device.

perature conditions

perature (20 £5) °C;

lution temperature (17,5& 2,5) °C.

bare two samplesCof~foam concentrate in accordance with Annex A. Condition on
with Annex A.

htely

rhen
kPa

'y out the temainder of the procedure for each sample on the same day. Prepare a f
each saugiple following the supplier's recommendations for concentration, maxi

prepared in accordance with G 4. The concentratlon used in synthetlc sea water shall be the same as the
concentration used in potable water.

G.3.3 Wet the vessel internally and weigh it. Record the mass as m;. Set up the foam equipment and
adjust the nozzle pressure within the range (500 * 10) kPa [(5,0 = 0,1) bar] to give a flow rate of between
6,0 I/min and 6,2 1/min. With the drain at the base closed, collect foam, taking care that voids are not
formed in the vessel. Start the timing device when the vessel is half full. As soon as the vessel is full, stop

20
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collecting foam, strike the foam surface level with the rim, and clean the exterior surface of the vessel of
foam. Weigh the vessel and record the mass as m,.

Calculate the expansion, E, from Formula (G.1):

=V (G.1)

my —my
where

is the vessel volume, expressed in litres;

m, is the mass, expressed in kilograms, of the empty vessel;
m, is the mass, expressed in kilograms, of the full vessel.
Assyme that the density of the foam solution is 1,0 kg/1.

Open the drainage facility and measure the 25 % and 50 % drainage time. Determine the drainage
either by placing the vessel on a set of scales and recording the mass loess or by collecting the drained
foanp solution in a measuring cylinder. Adjust the drainage facility such that the drained fopm solution
can flow out but the passage of foam is prevented. For each sample, ‘earry out the test three ftimes.

G.3.4 For each sample, calculate the mean values of the thre€ tests for the expansion and the 25 % and
50 % drainage time.

G.4| Synthetic sea water

Prepare the synthetic sea water by dissolving-the components as given in Table G.1.

Table G.1 — €Components of synthetic sea water

Percent mass fraction Component Chemical formula
2,50 Sodium chloride NaCl
1,10 Magnesium chloride MgCl,-6H,0
0,16 Calcium chloride CaCl,2H,0
0,40 Sodium sulfate Na,S0,
95,84 Potable water —

© IS0 2019 - All rights reserved
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Dimensions in millimetres

1000

40

Key
1  bottom {lischarge facility

NOTE1 All dimensions are nominal.

NOTE 2 Njominal volume is 500 1.

Figure G.1 — Collecting vessel for determination of expansion and drainage time
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Dimensions in millimetres

1010
400 |
1516
1 \ 17 25 t
B | ! | ! E 18
2-=TT¢ 19 T
ol ._iiig__._ N
=| 5 . ,
N N
X 10,11 \ e
6,7,8 9 10,11,12 8,13 14
Key
1 |housing Number Diniension Material
2 |ring 1
3  |perforated plate 1
4 motor (1400 rpm; 0,3 HP; 50 Hz; 3 ph; 380 VAC) 1 1 mm SS 1317
5 |fan (1400 rpm; 7,5 mm water, 2 000 m3/h) @405 mm, 10 x 12
6 screw 1
7  |nut 1
8 |washer 8 M6S 6 x 16 SS 2343
9  [support 8 M6M 6 SS 2347
10 |screw 8 RB 6,4 SS 2347
11 |washer 2
12 |nut 20 M6S 6 x 14 SS 2347
13 |nut 20 RB 8,4 SS 2347
14 |screen 6 MéM 8 SS 2347
15 [valve 4 MVM-K 6 SS 23443
16 |pressure gauge 1
17 |[tee 1 OLOR %"
18 |nipple 1 ?63R%4",0-10 bar galvanited
19 |pipe 1 galvanized
20 lbend 2
21 nozzle 1
22 inspection cover 1 galvanized
23 screw 1 %"HH 6,5
24 washer 1
25 handle 1 M6S 5 x 16 SS 2343
1 @18/5,5 x 2 SS 2343

Figure G.2 — High-expansion foam generator — General arrangement

© IS0 2019 - All rights reserved
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Key

1

2

26

27 and 28
29

30

31

32

24

Dimensions in millimetres

housing (2 mm plate)

ring
collar

screen-sunports 2 mm nlate)
rr \S r J

1 -1 [a
m
-+ n =
+ T+
30 1010
29 =

B24L 4

bar reinforcement
legs
screw

nut

Figure G.3 — High-expansion foam generator — Housing (1)
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Dimensions in millimetres

i 15 175
2240
Q294
i 34
|
| &
|
_________ e o
n
L16
]

Key
33 pupportring (1,5 mm plate)
34 perforated screen (0,7 mm plate;2 mm holes at 3 mm pitch)

Figure.G:4 — High-expansion foam generator — Screen (14)
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Annex H
(normative)

Determination of test fire performance for medium-expansion

foam concentrates

H.1 Genc

This annex
foam conce
other tests
programmes

Testing at tq
will not res

H.2 Geng

H.2.1 Test series and criteria for success

H.2.1.1 Fq

Carry out t
neither are

H.2.1.2 Fg

Conduct o
compositi
times (test
successful,

If the repea
that series.

If one of the
conduct a
Clause 13 if

oh

eral
specifies the procedure for determining the test fire performance for medium-expar

lescribed in this document. It is recommended that they be carried out at the’end of thg
, S0 as to avoid the expense of unnecessary testing.

bmperatures above the range required by this document can resultinpoor performancg
11t in conformity to this document.

rral conditions

am concentrates not compatible with sea water

vo or three tests (the third test is not netcessary if the first two are both successful
successful). The concentrate conforms.to)Clause 13 if two tests are successful.

am concentrates compatible with sea water

given in F.4. If both are(successful, repeat the test with the greater of the two extin
3). If the extinction times are identical, repeat the sea water test. If the repeat td
'he test series is complete.

first twatests (test 1 or 2) is not successful, repeat that test. If this repeat test is succes
secondsrepeat test; otherwise terminate the test series. The concentrate conforn
thpee(tests are successful.

test with potable water (fest 1) and the other (test 2) with synthetic sea water of

sion

htrates. The tests described in this annex are more expensive and time-consuming than the

test

and

or if

the
rtion
st is

L test is unsucces$sful, carry out a further repeat test (test 4). If that test then fails, terminate

sful,
s to

- . 1 . £ 9 - . "
Flgure H.l E,IVCD d 51 a}}lllb VECI OSIUIT Ul LT UTUISIUIT LI CTT,
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H.2.2 Decision tree fire test protocol

Frdsh water s >
yes yes
IR —‘ Terminate test
and failed and pass
Figure H.1 — Decision tree for fire performance test on water-immiscible fug
H.2{3 Temperature and wind speed

Carry out the tests under(thé following conditions:

repeat |«

Start fire testing

Fire test 1 Fire test 2
( Fire test3 \
Repeatthe testwith

greaterextinction
time/if the same

repeat

i

repeaE the seawater
test

re test

(T (Fire toxt)
Frqdsh water saltwater

yaon\

Terminate test

and failed

re test N

i

Fire test
saltwater

2ls

hir temperatupe
fuel tempefature
watertfemperature

foain solution temperature

(5 - 40) °C;
(17,5 £ 2,5) °C;
(17,5 £ 2,5) °C;
(17,5 £ 2,5) °C;

maximum wind speed in the
proximity of the fire tray

NOTE

H.2.4 Records

3m/s.

If necessary, some form of wind-screen can be used.

During the fire test, record the following:

location;

a)

b) air temperature;

© IS0 2019 - All rights reserved
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c) fuel temperature;

d) water temperature;

e) foam solution temperature;

f) wind speed;

g) 90 % control time;

h) 99 % control time;

i) extinctfon time,

i) 1% burn-back time.

It is recommended that the time is recorded at 1 % burn-back. Control times and burn-backtime cqn be
determined either visually by an experienced person or from thermal radiation measurements. Anhex |

gives detail

H.2.5 Foa

Prepare a f
premix timg

Use potablg
suitable for
water in ac(

H.2.6 Fud

Use an al
specificati

a)
b)
‘)
d)

distilla
maxim
maxim
density

NOTE1 T
with H.2.1 is

NOTE2 T
commercial

5 of a method suitable for medium-expansion foams.

m solution

, compatibility with the test equipment, avoiding contamipation by other types of foam

use in sea water, make a second foam solution at the‘same concentration using syntheti
ordance with G.4.

1

iEhatic hydrocarbon mixture having ~physical properties according to the folloy
op:

ion range: 84 °C to 105 °C;

hm difference between initialand final boiling points: 10 °C;
m aromatic content: 1 %jmass fraction;

at 15 °C: (700  20Jkg/m3.

he normal valu€ of’surface tension of the aliphatic hydrocarbon mixture measured in accord
21 mN/m to 22-mN/m.

pical fuels’ meeting this specification are certain solvent fractions sometimes referred f{
leptane.

am solution following the recommendations from the supplier for concentration, maxigpum

etc.

water to prepare the foam solution and, if the supplier claims that the concentrage is

L Sea

wing

ance

0 as

H.3 Fire

test

H.3.1 Apparatus

The usual laboratory apparatus and, in particular, the following.

28
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1.1 Circular fire tray, stainless steel grade X5CrNi18-10 (ISO 3506

S30400), with dimensions as follows:

NOT
H.3.

H.3.
S304
so tH

The

H.3,

Plac
(55
surf

Susq]

[gnif
invo|

internal diameter at rim (1480 +15) mm;

depth (150 + 10) mm;
nominal thickness of steel wall 2,5 mm

E The tray has an area of approximately 1,73 m2.

2:2019(E)

: A2; ASTM: 304304; UNS:

1.2 Foam-making equipment, as described in E1.2.

1.3 Burn-back pot, stainless steel grade X5CrNi18-10 (ISO 3506: A2; ASTM: 30

at it can be suspended directly on the rim of the fire tray.

2 Test procedure

+ 2) | of fuel to give a nominal 50 mm fuel depth, withcapproximately 100 mm betw
hce and the upper rim of the tray wall.

vement of the surface of the fuel, mount themedium-expansion nozzle horizontally o

the fray, as shown in Figure H.2. Start foam application (60 * 2) s after full involvement. Ap

(1201 + 2) s. Record the extinction time as the-time after the start of foam application at whigd
e fire tray are extinguished. Following foam application, allow the fire in the burn-back

int
unti

If th

sustained flames appear above the foam blanket. Record this time as the 1 % burn-ba

e burn-back pot is extinguished due to overflow of foam during foam application,

immlediately.

£00), of nominal thickness 2,5 mm, diameter (150 # 5) mm and height (150 * 5)ymm, wi

Lipper rim of the burn-back pot shall be level with, and in contact with,.the upper rim of {

e the tray directly on the ground and ensure that it is level:¢Add approximately 30 1 o

end the burn-back pot containing (0,9 + 0,1) 1 of fuel on the sheltered side of the fire tra

e the fuel not less than 3 min and not more than'5 min after adding it. Not less than 4!

1304; UNS:
kh a bracket

he fire tray.

f water and
ben the fuel

y.

s after full
h the rim of
bly foam for
h all flames
pot to burn
k time.

re-ignite it
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Key

Ul s W N

30

foam-m
tray
burn-ba
fuel
water

king nozzle

Ck pot, suspended outside tray

Figure H.2 — Test fire arrangement for medium-expansion foam
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Annex I
(normative)

Determination of test fire performance for high-expansion foam

concentrates

1.1

This
cond
tests

prog

Test
will

1.2

1.2.1

1.2.1.1 Foam concentrates not compatible with sea water

Carr

neither are successful). The concentrate conforms to Clause 13 if two tests are successful.

Con
com
time
succ

If th
that

If onfe of the fiTst two tests (test 1 or 2) is not successful, repeat that test. If this repeat test is

cond
Clauy|

not result in conformity to this document.

I.2.]l.2 Foam concentrates compatible with sea water

General

annex specifies the procedure for determining the test fire performance for high-exp:
entrates. The tests described in this annex are more expensive and time-consuming th

described in this document. It is recommended that they be carried dut-at the end
ramme, so as to avoid the expense of unnecessary testing.

ng at temperatures above the range required by this document carresult in poor perfo

General conditions

Test series and criteria for success

y out two or three tests (the third test is\not necessary if the first two are both suc

uct one test with potable Wwater (test 1) and the other (test 2) with synthetic sea ¢
bosition given in G.4. If bothrare successful, repeat the test with the greater of the tw
s (test 3). If the extin€tion times are identical, repeat the sea water test. If the re
essful, the test seriesis complete.

e repeat test is unsuccessful, carry out a further repeat test (test 4). If that test then fail
series.

uct assecond repeat test; otherwise terminate the test series. The concentrate ¢
se 13\if three tests are successful.

insion foam
hn the other
| of the test

rmance and

ressful or if

ater of the
b extinction
peat test is

5, terminate

successful,
onforms to

F' 11 H h o £l | e 4+
lgl,ll CI. 1 SIVCD d sl alJlllL VECI OSIUIT Ul LT UCTUISIUIT LI TT,
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1.2.2 Decision tree fire test protocol

Fire test 1
Fresh water

( Fire test3 \

Repeatthe testwith
greater extinction
time/ifthe same

Fire test 2

Saltwater

S —— @ 1_10____" repeat

repeat the Seawater
test

Fire test

noyes
yes @ no
| Yes o No_ ‘
‘ |
Terminate test
: and failed

Fire test no
»<_pass? > ------
Fresh water

Terminate test
and pass

Terminate test
and failed

Terminate test
and pass

Figure 1.1 — Decision tree for fire,performance test on water-immiscible fuels

1.2.3 Temperature and wind speed

Carry out the tests under the following conditions:

air temperature (5-40)°C;

fuel temperature (17,5 % 2,5) °C;
water temperature (17,5 % 2,5) °C;

foam sqlution temperature (17,5 % 2,5) °C;

f Fir; t stw

saltwﬂ
“05 7‘

Fire {

est
ter,

maximum wind speed in the
proximity of the fire tray

3m/s.

NOTE If necessary, some form of wind-screen can be used.

1.2.4 Records
During the fire test, record the following:
a) location;

b) air temperature;
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