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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 procgdures used to develop this document and those intended for its further maintenance\are
described|in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed-\for the
different {ypes of ISO documents should be noted. This document was drafted in accordance with the
editorial fules 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 of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Detailq of
any patenf rights identified during the development of the document will be in the.Introduction andjor
on the IS( 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 pot
constitutqg an endorsement.

For an exyplanation of the voluntary nature of standards, the ¢ieaning of ISO specific terms gnd
expressiohs related to conformity assessment, as well as information about ISO’s adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/
iso/forewprd.html.

This document was prepared by Technical Committee }SO/TC 229, Nanotechnologies.

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

Air filter media play an important role in the performance and efficiency of different types of

:2020(E)

air filters.

In this respect, most air filter media take advantage of nonwovens to separate solid or liquid particles.

Air filter media have a wide range of applications such as gas turbine inlet air, industrial dust c

ollectors,

respiratory masks, personal protective equipment, heating, ventilation and air conditioning systems,

cleanrooms, etc.

dif;

Sirjce the diameter of nanofibres is significantly smaller than that of conventionalmicrofibres
in filters, it offers a higher chance of inertial impaction and interception, i.e. amore optimunj
effiiciency. The slip flow also results in a reduced pressure drop and moreccontaminants pa
the¢ surface of the nanofibres. Hence, the inertial impaction and interception.efficiencies rise. 4
the filtration capability of the nanofibres layer increases for the same pfessure drop as compa
conventional fibre layer. Additionally, the very high surface area of nanafibres facilitates the g
of fontaminants from the air. All these desirable features have led-to a wide range of air fi
coptaining nanofibres being used for air filtration applications@(Z1g],

Different techniques such as electrospinning, force spinning and other methods have begd
produce air filter media containing nanofibres. The deposited nanofibres form a web-like

layler on the surface of the substrate. Nanofibres can exhibit different crystalline structures, m
anfl diameter. The surface area and crossed-fibres(porosity of the formed nonwoven layer
affected by the nanofibre diameter as well as theimorphology. Polymeric nanofibres such as g
polyvinylidene fluoride (PVDF), polyacrylonitfile (PAN) and polyurethane (PU) are normall]
ain filter media. Nanofibres can be depositéd on different kinds of woven and nonwoven s
ex A shows a schematic of the cross-séction of an air filter medium (see Figure A.1) and SH
relpting to the morphology of the nanaofibres (see Figures A.2 and A.3).

In recent years, air filter media containing nanofibres have been commercialized and widely used by

ted by the
ng one or
ite during

employed
filtration
5sing near
\s aresult,
red with a
dsorption
ter media

n used to
honwoven
brphology
is mainly
olyamide,
[y used for
ubstrates.
tM images

is document facilitates the communication between sellers and buyers and supports thg growing
trdde of this new class of air filter media.
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TECHNICAL SPECIFICATION

ISO/TS 21237:2020(E)

Nanotechnologies — Air filter media containing polymeric
nanofibres — Specification of characteristics and
measurement methods

1

Scope

Thlis document specifies the characteristics to be measured of air filter media containing

na

hofibres on the surfaces of a substrate. It also describes measurement methods for deterr

individual characteristics.

Th

is document does not cover characteristics specific for health and safety issues.

NOTE The properties/performances assessment of air filter media related toapplications requi
of relevant published standards. The physical properties and performances offiltration media, such 3

dr

p, and the particle removal efficiency of air filter media are measured with-test methods suitable

applications.

2
Th|

Fo

Normative references

kre are no normative references in this document.

Terms and definitions

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

ISP and [EC maintain terminological databases for use in standardization at the following ad

3.1

ISO Online browsing platform:@vailable at https://www.iso.org/obp

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

air filter
filter

de

Uice for separating solid or liquid particles (3.6) or gaseous contaminant from an air strea

though the deyice

No

No

fe 1 to enfry:'The device is generally formed of a layer or layers of porous, fibrous or granular mate

fe 240¢entry: Air being cleaned by a filter must pass through the filter, whereas an air cleaner can|

polymeric
hining the

res the use
S pressure
for specific

resses:

m passing

rial.

reduce air

corrtamination by any method.

[SOURCE: 1SO 29464:2017, 3.1.16, modified — The preferred term has been changed to “air filter”.]

3.2
air filter medium
porous permeable material employed in filtration (3.3) within which the filtrate is trapped or deposited

Note 1 to entry: The filter medium is composed of a nanofibre (3.5) layer(s) and substrate (3.7).

[SOURCE: ISO 9912-1:2004, 2.27, modified — “air” has been added to the term and Note 1 to entry has
been added.]

©lI
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3.3

filtration

separation of contaminants from a fluid stream in which they are suspended through retention
of the contaminants (by extension, also the whole of the activities involved in the construction and
commissioning of a filter installation)

[SOURCE: ISO 29464:2011, 3.5.29]

3.4
nanoscale

]ength range npprnVImafn]y from 1 nmto100nm

Note 1 to ¢ntry: Properties that are not extrapolations from larger sizes are predominantly exhibited in tIhis
length range.

[SOURCE:|ISO/TS 80004-1:2015, 2.1]

3.5
nanofibre
nano-objgct with two external dimensions in the nanoscale (3.4) angd-the third dimensfon
significantly larger

Note 1 to eptry: The largest external dimension is not necessarily in the nanoscalg.
Note 2 to eptry: The terms nanofibril and nanofilament can also be used,

Note 3 to eptry: If the dimensions differ significantly (typically by moréethan 3 times), terms such as nanofibr¢ or
nanoplate may be preferred to the term nanoparticle.

[SOURCE:|ISO/TS 80004-2:2015, 4.5]

3.6
particle
minute pigece of matter with defined physical beundaries

Note 1 to eptry: A physical boundary can also(be'described as an interface.
Note 2 to eptry: A particle can move as aunit.

Note 3 to eptry: This general particlé definition applies to nano-objects.
[SOURCE:|ISO/TS 80004-2:2015;"3.1]

3.7
substrate
base layei] for depositing nanofibres (3.5) on the surface

4 Abbreviated terms

AFM atomic force microscopy

FESEM field emission scanning electron microscopy
FTIR Fourier transform infrared

IR infrared

SEM scanning electron microscopy

STM scanning tunnelling microscopy

2 © IS0 2020 - All rights reserved
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M transmission electron microscopy

TGA thermo gravimetric analysis

UV-Vis ultraviolet-visible

XRD X-ray diffraction

5

5.

Thiis clause provides both mandatory and optional characteristics to be measuredjof‘air fi
containing nanofibres and their measurement methods. The purpose, definitiomand mes3

meg

Fo
lay]

5.
Th

1nd
me

reported in the example report format shown in Annéex B.

The relevant measurement methods listed in Table 1 shduld be taken for the determinat|

Characteristics to be measured and their measurement methods

General

thods are described for each characteristic in the following individual subclausés.

- all measurements of the characteristics, pieces of the air filter media saniple combining a
er(s) and a substrate are used as test specimens.

. Mandatory and optional characteristics and their méasurement methods

e characteristics of air filter media containing nanofibrestlisted in Table 1 shall be 1

ividual characteristics. The other listed measurementsmethods can be also used. The cha
asurements listed in Table 1 shall be done on a nanofibre layer deposited on the subs

Table 1 — Mandatory characteristics tolbe measured and their measurement meth

ter media
surement

nanofibre

measured.
ion of the
Facteristic
trate and

od(s)

Characteristics Refovant measurement Other measurement me
method(s)

thod(s)

Fibre diameter SEM or FESEM TEM

Morphology SEM or FESEM TEM, AFM or STM

Th

mdasured. The relevant measurement methods listed in Table 2 should be taken for dete

of

Mdasurement of the-characteristics listed in Table 2 should be done for air filter media with n|

e optional characteristids of air filter media containing nanofibres listed in Table 2

the individual charaetéristics. The other measurement methods listed in Table 2 can be

Table 2 —<Optional characteristics to be measured and their measurement methg

should be
rmination
also used.
anofibres.

d(s)

Relevant measurement

Characteristics method(s)

Other measurement methods

Specific surface area Gas adsorption method —

energy dispersive X

FTIR spectroscopy and/or UV-Vis Spectroscopy,

Chemical composition content

Raman spectroscopy, nuclear
magnetic resonance,

-ray

spectrophotometry gas chromatography,
high performance liquid
chromatography
Thermal stability TGA —
Crystalline structure XRD TEM or SAED
Crystallinity XRD DSC
Mean crystallite size XRD SEM or TEM

©lI
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5.3 Descriptions on characteristics and their measurement methods

5.3.1 General

Descriptions of the characteristics as well as the measurement methods listed in Tables 1 and 2 are
presented in 5.3.2 to 5.3.9.

5.3.2 Fibre diameter

The diameter of nanofibres deposited on the surface of substrate is one of the most basic characteristics
affecting air filter performance.

There can be other fibres in addition to nanofibres of which the diameters are larger than 100 nnf in
the nanof]bre layer of an air filter medium sample. The images obtained by microscopy are‘andlysed to
measure the diameters both of nanofibres and other fibres deposited on the substrate.

The diameter of a fibre is the distance on a two-dimensional image between the two edges on a crofss-
sectional line orthogonal to the longitudinal direction. A fibre may have bends and branches. One dathm
of diameter is obtained for each fibre. When the diameter varies along the fibre axis on an image, the
largest diameter is measured and recorded.

The target fibres shall be representative of the fibres deposited on a substrate, i.e. all types of fibres|on
an image phall be equally selected. It is recommended to obtain aboutd00 diameter data points for[an
air filter medium samplel21[10],

SEM or FESEM should be used to provide the images. If SEM.or*FESEM is not available, TEM may/|be
also used] The measurement results shall be displayed as achistogram of the number of fibres versus
diameter pt an appropriate interval of diameter. Also, theiaverage (median) and standard deviation] of
diameter flata shall be calculated and expressed in a unitiof nm.

NOTE The measurement results can be qualitative with increased uncertainty when the obseryed
microscop]c images lack the representativeness of saniple.

5.3.3 Morphology

The pres¢nce of desired nanofibres.deposited on the surface of substrate can be confirmed |by
microscopic images. Different types) of morphologies could affect the final performance of the fair
filter meflia containing nanofibrés(21l111[12]13]  Therefore, the determination of this qualitatjve
character]stic provides important information. Morphology refers to the orientation, structure gnd
shape of panofibres and other solid objects deposited on the surface of substrate. Annex A providles
example images of air filter-media morphologies. Microscopic images of the top surface of the nanofibre
layer should be obtained’by SEM or FESEM at appropriate magnifications, providing that the target
nanofibrep can be glearly observed. When SEM and FESEM are not available, TEM, AFM or STM may|be
used. Thelmagnification scale shall be shown on each picture. The number of microscopic images to[be
taken may beagreed between the seller and the buyer.

5.3.4 Specific surface area

The specific surface area of an air filter medium sample that contains nanofibres on the substrate is
an important characteristic for air filter efficiency. It is defined as the absolute surface area of a test
specimen divided by the test specimen mass. The test specimen for measurements is a piece of air filter
medium sample.

The specific surface area of air filter media containing nanofibres should be determined using a gas
adsorption method, see ISO 9277. This method depends on the measurement of the volume of gas
adsorbed by the surface of the air filter media containing nanofibres!141,

NOTE The reported specific surface area of the air filter media is a composite of the nanofibres and
substrate, and can be substantially less than a sample of pure nanofibres.

4 © IS0 2020 - All rights reserved
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5.3.5 Chemical composition content

The chemical composition content of polymers used to spin the fibres (mainly type and mass
percentages, in % mass fraction, and impurities) can affect some of the nanofibre properties such
as water repellancy, dimensional stability, flame retardancy, moisture sorption, breaking tenacity,
chemical reactivity, etcl13l,

The reported chemical composition, considering any blending of polymers, may be based on the
material specification or material safety datasheet provided by the polymer supplier to the air filter
media manufacturer.

Th
Sp
inf]
ch
pe
Sp

Ult
of
w3
to
av
en
ma3
fra

e chemical composition content of polymers can be measured by IR or UV-Vis~gbsorption
ectrophotometry. IR spectrophotometry is the subset of spectrophotometry thatdeal§ with the
rared region of the electromagnetic spectrum, which provides information regarding the type of
bmical bonds and functional groups. In this respect, collected samples are mixed'with KHBr to make
lets. FTIR spectra in the absorbance mode are recorded using FTIR spectfdmeter. Theg obtained
ectra are then analysed using IR software.

raviolet and visible (UV-Vis) absorption spectrophotometry is the measurement of the aftenuation
a beam of light after it passes through a sample. Absorption measurement can be at a single
velength or over an extended spectral range (200 nm to 800 nm).-Sd¢h data also provide infformation
Hetermine the nanofibres composition. When FTIR spectroscopy or UV-Vis spectrophotomgtry is not
hilable, other measurement methods including Raman spectroscopy, nuclear magnetic fesonance,
ergy dispersive X-ray spectrometry, gas chromatography of high performance liquid chromptography
y be used. The measurement results of chemical composition content shall be expressed [n % mass
ction.

5.3.6 Thermal stability

Thee thermal stability indicates the quality an@ability of the substances present in a filter medium to

res
wh
Sp

ter

sh¢uld be measured for both dymamic and isothermal conditions. The measurement results

ex
int
Co
me

the
he

.3.7 Crystalline structure

istirreversible change in their chemicalorphysical structure by decomposition or depolyr
en subjected to high temperatures, The measurement of thermal stability of a filter me
ecimen refers to the mass loss of .the specimen in dried form during heating to a suffici
hperature. The thermal stability,should be measured by TGA. The mass loss of test

bressed by a thermogravimetric curve composed of the sample mass and temperature
erpretation.

hsidering that the-results depend on many experimental and instrumental variableg
asurement conditions are also reported including the atmosphere (e.g. air, N,, 0,) and its
method of sample drying (e.g. freeze-dried or air-dried) and the temperature programme
hting ramp rate(s) and/or isothermal temperature(s)].

c nanoflbres may be composed of amorphous or crystallme phases Wthh could have a 9

nerisation
dium test
ently high
specimen
should be
with their

, relevant
flow rate,
used [e.g.

ignificant

ure of the

polymer; therefore analysis of the nanoflbres coating the substrate is requlred The Crystalllne
structure is defined as a structure of molecules or atoms that are held together in an ordered three-
dimensional arrangement. The XRD measurement is applied to analyse the crystalline structure of
nanofibres on the substrate. The measurement results should be expressed by XRD patterns composed
of 20 (°) and intensity with their interpretation.

5.3.8 Crystallinity

Crystallinity affects the moisture absorption of air filter media. Usually moisture absorption happens
in the amorphous regions of a fibre but not in the crystalline regions[12l. Crystallinity refers to the
presence of three-dimensional order at the level of molecular dimensions. The measurement results
of crystallinity are usually expressed as a percentage of the volume/mass of the material that is

© IS0 2020 - All rights reserved 5
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crystalline. The crystallinity can be measured by using XRD or DSC. DSC measures the heat flow into or
from the air filter medium sample as it is heated, cooled or under isothermal condition.

5.3.9 Crystallite size

Crystallite size affects the crystalline structure and, therefore, the mechanical properties and moisture
absorption. Crystallite is a small or even microscopic crystal. Crystallite size is usually measured by
XRD. The mean crystallite size can be measured by using Scherrer’s equation.

6 Repl T tiug
6.1 The|report shall include the items given in 6.2 and 6.3.

6.2 Genpral information:

— Sampije name;

— man:E\lcturer’s name;
— lot number;

— storage conditions prior to testing;

— type of substrate.

6.3 Marndatory characteristics listed in Table 1 and their méasurement results:
— characteristics measured;

— measyirement method taken;

— name]of testing laboratory;

— measyirement date;

— measyirement results.

-

Tables B.1l and B.2 give example formats for reporting the mandatory characteristics listed in Tablg
Table C.1 gives an example format for reporting the optional characteristics listed in Table 2 that can|be
provided $ubject to agreement between the seller and the buyer.

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

Typical structures of air filter media containing nanofibres

This annex provides a schematic of the cross-section of an air filter medium in Figure A.1. SEM images
relgting to the morphology of the nanofibres are shown 1n Figures A.2 to A.3.

A | nanofibres layer 6%
B | substrate layer %O
AN

Figure A.1 — Schematic of cross-section of an air fllteQnleum containing nanofipres

Figure A.2 illustrates a typical structure of the air fllg%edla containing nanofibres prepared by
de Josmng polyamlde nanofibres on the surface of a ms@ own polypropylene substrate.

EMCRAFTS WD HV Probe %x10000 2016.10.26

5.37mm | 20.00kV 1.00 ) DET SEI

Key

A microfibre
B nanofibre
C pore

Figure A.2 — Demonstration of air filter media containing nanofibres

© IS0 2020 - All rights reserved 7
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Figure A.3 illustrates types of nanofibres morphology and texture: random fibre-like, oriented fibre-
like, core-shell fibre-like and beaded fibre-like.

X%

a) Random fibre-like

8 © IS0 2020 - All rights reserved
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