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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 maybe 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 do¢ument was prepared by Technical Committee ISO/TC 22, Road Vehicles, Subcommitt¢e
SC 34, Priopulsion, powertrain and powertrain fluids.

Alist of gll parts in the ISO 12103 series can befound on the ISO website.

Any feedpack or questions on this documentshould 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

This document specifies a grade of test aerosol, which is composed of soot from a combustion source
similar to soot occurring in the environment that motor vehicles are commonly subjected to. This test
contaminant is developed for air filter media and element testing.

Ambient aerosols include at least two distinct modes of aerosol: a sub-micron mode and a super-micron
mode. Generally the sub-micron mode comes from combustion sources or condensation of gases. The
super-micron mode comes from physical abrasion processes and wind-blown dust. The test dusts
dfscribed 1n [SU 12T03-T can be used to simulate the super-micron mode of ambient aerosoliqr testing
ajr filters. The soot aerosol described in this document is intended to simulate the sub-microery mode of
ambient aerosol.

There are several possible methods of generating soot aerosol, to simulate the .sub-micrpn mode
fdr air filter testing purposes such as dispersing soot from a powder or using, generated soqt from a
mbustion process.

(@)

Particle size of soot dispersed from bulk powder exceeds the environmentabsoot considerably
F

br generated soot from a combustion process, a new procedure is, described in this documepnt. Using
aliphatic hydrocarbons, the soot consists of a combination of carbenyorganic hydrocarbons gnd other
sfibstances.
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TECHNICAL SPECIFICATION ISO/TS 12103-3:2020(E)

Road vehicles — Test contaminants for filter evaluation —

Part 3:
Soot contaminant

[y

Scope

—3

his document defines particle size distribution by number and chemical content limits‘involving one
ade of test aerosol made from combustion soot.

[o)°]

2| Normative references

The following documents are referred to in the text in such a way that'some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
uhdated references, the latest edition of the referenced document (including any amendments] applies.

et

40 15900, Determination of particle size distribution — Differeatial electrical mobility analysis fqr aerosol
particles

[

40 29904:2013, Fire chemistry — Generation and measurement of aerosols

NJIOSH, Elemental carbon (diesel particulate): Method-5040, Issue 3

3| Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 15900, ISO 29904 and the
fqllowing apply.

I40 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

djffusion flame
flame from ablirner which gets its oxygen from the ambient surrounding air by diffusion and cgnvection
echanisms instead of having the oxygen forcibly premixed into the fuel

brieration
process Il which alTDOTNE particles are produced and injected INto a detined alrstream

1]
3|2
8

3.3
mobility particle size
particle size provided by an electro-static classifier

Note 1 to entry: The method is based on a principle that uses the forces exerted on charged particle in an electro-

static field. The method is used for particles in the nm range and the classifier is typically combined with a
condensation particle counter to actually determine the concentration.

© IS0 2020 - All rights reserved 1
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optical particle size
particle size as recorded by an optical particle sizing instrument or spectrometer

Note 1 to entry: The optical size differs in general from the physical size of a particle as it depends on particle
properties like the light diffraction index.

3.5
particle
number,

Note 1 to
have a wi
particles

3.6
particle

system donsisting of a method to classify particles by electrical mobility and measures the numb
concentrfation of particulate at each size through means of one or more condensation particle counte
and or electrometers

3.7
soot

particled from a combustion process consisting of carbon and being created during incomplet
incinerafion of organic fuels

Note 1 to
to severa

consists g¢f elemental carbon (EC) and organic carbon (0C). A lotof organic compounds are known and most

them are
hydrocar

3.8

thermalfoptical transmission
method {o measure elemental carbon (EC).with its relationship to atmospheric soot (3.7)

Note 1 to
it as a m
defined a

4 Symbols and abbreéviated terms

Symbol
u

o

O-gGO

Abbrevi
SMPS

size distribution
mass or volume of particles as function of the particle size

entry: In this document the term is used for number distributions only. Particle size distributions'm
e variety of shapes but for the purpose of this document and application the distributions of sqot!(3.]
fan be assumed to be of alognormal type.

number sizer

entry: The particles start with clusters of several hundred.€arbon atoms and can form large grains U

bound on the EC-agglomerates. Some of the organic*compounds are carcinogenic like poly aroma
bon (PAH).

bthod for the accurate measurement of light-absorbing particulate carbon and thus allows EC to
5 black carbon (BC) as in the’ agthelometer.

Explanation
mean value of a Gaussian standard distribution

standard deviation of a Gaussian standard distribution

hundred pum. Small soot particles have the tendency to‘agglomerate. Soot particle from combustioF
i

entry: For the thermal-optical transmission method (TOT), an emphasis on optical behaviour presenlts

y
()

T
'S

Ip

f
ic

e

geometric standard deviation (the logarithm of the GSD 1S the standard deviation)
ations Explanation

scanning mobility particle sizer

Sub-micron particles <1 um

Super-micron particles >1 um

EC

elemental carbon

© IS0 2020 - All rights reserved
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0ocC organic carbon

TOT thermal-optical transmission

PAH poly aromatic hydrocarbons

EEPS engine exhaust particle sizer spectrometer

5 Test contaminant definition

Test aerosols according to this document are generated by combustion of an organic fuel imthd
They consist primarily of agglomerates of carbon particles where the primary carbon panticl
the order of 20 nm diameter. Some organic compounds may be condensed on the carbon’aggl
dpiring the combustion and dilution processes. The amount of condensed organic material de
the category of the test aerosol per 5.1.

5|1 Test contaminant designation

Spot contaminants are produced by burning a fuel (gas or liquid) and @re listed in the grade ag

ISO 12103-3, S1 for =67 % carbon content.

—3

his flame shall lead to an aerosol consisting of 70 % * 3% elemental carbon, 29 % * 3 ¢
arbon, and <1 % other substances. The air-to-fuel ratio ofhe’flame shall be set as +10 % stoich
balanced with adjustment of an inert mixing gas addition to the fuel flow to adjust the]
d|stribution. The stoichiometric balance is described inAnnex F.

(@)

%]

pot contaminant shall be tested per the methods.in Annex E and the above requirements.

5|2 Generation of soot aerosol

Test aerosols according to this document are generated by combustion of an organic fuel in thd
They consist primarily of agglomerates of carbon particles where the primary carbon particl
the order of 20 nm diameter. Organic compounds may be condensed on the carbon agglomerat
the combustion and dilution processes.

5|3 Particle size distribution
T

he unimodal partictéssize distribution shall be determined using electrical mobility sizing me
shall meet the distfibution and tolerances given in Annex A. The size distributions shall be prej
nprmalized number distribution.

5|4 Stability of aerosol concentration and particle size distribution

The-soot aerosol mass concentration limits and tolerances are given in Annex A.

test lab.
PS are on
bmerates
termines

follows:

organic
iometric
particle

test lab.
Es are on
s during

thod and
ented as

Care should be taken to ensure that the concentration is low enough to prevent size changes due to
coagulation from occurring in the test system. Recommendation for maximum number concentration is

107/cm3. More detailed information is provided in Annex C.

5.5 Chemical composition

For generating the soot a diffusion flame with gas (e.g. propane) can be used. But any fuel yie

lding the

defined chemical composition and size distribution is accepted. More detailed information is provided

in Annex D.

This flame shall lead to an aerosol consisting of the content breakdowns presented in 5.1.

© IS0 2020 - All rights reserved
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To achieve accurate reproducible filter test results, a soot aerosol ideally consisting of solely elemental
carbon (EC) would be preferable. Because soot from combustion always contains more or less organic
carbon (OC), the content of OC in the test aerosol shall be demonstrated.

Samples

of the aerosol shall be taken and analysed per NIOSH test method 5040 issue 3 for EC/OC.

The ratio of OC shall be demonstrated by thermal-optical transmission analysis by the thermal
protocol NIOSH 700+. It shall be demonstrated only once for each soot generator or after any significant
modification of the unit, e.g. after changing geometric dimensions of the burner, using another fuel gas
or other flow settings, etc.

It shall b
in this d
by a suit
be realiz
adjustab

For mord
Annex E

6 Ana

This clay
aerosol, v

6.1 An

The anal
example
ISO 2990
and the 3

e demonstrated for all fixed operating points which fit the described standardized soot aeres
bcument. For soot generators with continuously adjustable settings it shall be demonStrats
pble method that the OC content does not exceed 29 % within the adjustable range. This c4
ed by analysis of probes at some single set-points at the minimum and at the maximmum of t}
e range at least and one or more between.

information about the thermal-optical transmission and about the samplihg'method refer {

lysis equipment and operating procedure

se will identify the analysis equipment and procedure to sample, classify, and identify the so
which is being produced in this document. General handling information is provided in Annex

alysis equipment

b of particle number sizer equipment which shall be used to characterize the soot contaminarn
4 has four clauses per piece of equipment; principle, method description, parameters produce
dvantages and disadvantages of each piece of equipment.

6.2 Particle size analysis procedure

Analysis
with con

Mobility

of ISO-specified soot test aerosol shall be performed using a differential mobility classifi
densation particle counter-detector or equivalent equipment at the outlet of the soot generatg

particle size shall cover-the range from 10 nm up to 400 nm by optical particle size, with

least 8 clpannels per decadecParticle measurement devices which do not fulfil this requirement are n

suitable,

Charactd
point of
method {

6.3 In

since small particles will not be detected.

rizing of the distribution, the location of the characterization shall occur at the introductic
[he test. Flie sampling method specified in ISO 29904:2013, 5.6, shall be used to identify t}
o samplethe soot aerosol.

strument calibration

ysis equipment specified in ISO 29904:2013, 5.6:5\and 5.6.6, specifically the SMPS and EEPS ar

Dl
d
n
1e

=

e

T

]

ht
Dt

IS

Calibration of the differential electrical mobility analyser shall be calibrated as per ISO 15900.

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=4ea17f2e77aed4ce773bc444c19dd998

ISO/TS 12103-3:2020(E)

Annex A
(normative)

Particle size distributions by number

A.1 General

br typical soot sources used within the scope of this document the particles usually)are 1g
stributed with regards to their size. These distributions can easily be converted into@standar]

escribes the range of acceptable particle size distributions by defining those twoparameters
ith a set of tolerances. This annex describes how this is done and how realparticle size dist
can be checked for conformance with those targets.

A.2 Lognormal distribution and Gaussian normal distribution

Altypical particle size distribution for soot is shown in Figure A*¥ on a linear size axis togeth
nmfathematically fitted lognormal curve. The general formula ofthat function is:

~(Inx-p)°
.e 262

S = ron

fqrx >0

a isascaling factor;

x  isthe particle diameter.

u is the mean of distribution;

o isthe standard deviation.

2
1 o]
=InE——In|A%~—
H=In > nl: (E)}

F
d
d|stribution. A normal distribution is distinctly defined by two parameters. Therefore, this document
d
\

gnormal
d normal

together
Fibutions

br with a

(A1)

(A.2)
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(@)
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Figure A.1 — A typical particlesize distribution curve of a real soot aerosol
from a diffusion flame and an engine

The samg distribution becomes a Gaussian normal distribution if the particle counts are drawn versys
the logarjithm of their size channels’[x becomes In(x)]. In this form u and o represent the mean and the
standard deviation of the distribution and therefore have a more obvious and vivid meaning than in
Formula|(A.1). This is show#in Figure A.1.

Zeil)*
-e~202 (A.B)

a
N2 -0

a isascaling factor;
x= In(d) (particle diameter);
i is the mean of distribution;

o isthe standard deviation.

6 © IS0 2020 - All rights reserved
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80 000

70 000

60 000

50 000

40 000

30 000

—_,

20 000

10 000

Kpy

.o t0 0 is defined as:

_.,0
O geo =€ X

Y| particle counts (arbitrary)

X| logarithm of particle diameter [In(d)]

A.3 Limits for acceptable distributions

o)}
~N

Figure A.2 — Normal distributiewwith u = 95 nm and o, = 1,75

Table A.1 — Limits and tolerances

I} this document the geometric standard deviation o,., has been used as a parameter. The 14

tlation of

(A4)

Parameter

Mean

Upper limit

Lower limit

oot aerosol niass
pbncentration

Stable

+5 %

-5%

pncentration

107/cm3

9
C
Yoot aerosol
C
N

[ean diameter of the

95 nm

+10 nm

=10 nm

permitted soot particle

Geometric standard
deviation of mean
diameter

1,75

+10 %

-10 %

Mass count index

8 x 108 parts/mg
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Tables B

Annex B
(informative)

Handling and use of contaminant

1 to B4 present health hazards in handling soot test aerosal

Table B.1 — Physical and safety data

B.1.2 Density (1,5-1,7) g/cm3

B.1.4 Solubility in water Insoluble

B.1.5 Hazardous reactions Cardiovascular diseases, cancer, and respiratory diseases

Table B.2 — Protective measures for storage and handling

B.2.1 Industrial hygiene Carbon monoxide is generated by incemplete combustion. There
shall be sufficient ventilation in closed rooms.

B.2.2 Fire and explosion Flammable

B.2.3 Industrial hygiene Hazardous condition occurs ifrespiratory system is exposed to
airborne particulates. Axespirator or dust mask is recommended.

B.2.4 Disposal Be aware of possible logdl regulations regarding disposal.

Table B.3 — Measures in case of accident or fire

B.3.1 Spillage or leakage Vacuum or.gather spilled material in a manner which does not
create airborne dust.

B.3.2 Fire No reaction with water or foam firefighting measures

Table B.4 — Health aspects

B.4.1 Toxicity Moderately toxic as an acute irritating dust. The prolonged inhala
tion of dusts may result in the development of a disabling pulmo-
nary fibrosis.
Carbon monoxide is generated by incomplete combustion. There
shall be sufficient ventilation in closed rooms.

B.4.2 Abrasivenéss Protective goggles should be worn to protect eyes. If eye contact
occurs, flush eyes with plenty of water.

B.4.3 Firstaid Eyes: rinse immediately with water. If irritation occurs, seek med-
ical advice.
Skin: wash with soap and water. If irritation develops, seek medi-
cal advice.

B.4.4 Industrial hygiene

NOTE National regulations can vary from one country to another.

8 © IS0 2020 - All rights reserved
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Annex C
(informative)

Concentration

Guideline for maximum number concentration

Cpntaminant concentration in the test system shall be monitored to minimize the time-for Which the
ntaminant reaches the unit under test. Figure C.1 shows the concentration by numberversus time, to
upe during testing.

Y
1,E+10

\ 1 K ;
1,E+09 i

—_— V3

(o)

1,E+08

1,E+07

1,E+06

1,E+05

1,E+04 .
1,E-01 1,E+00 1,E+01 1,E+02 1,H+03 X

Py
time (sec)

concentratign by number [N(cm~3)]
initial ¢oncentration 1010 cm=3
initial Concentration 107 cm~3

W N R < R

initial concentration 106 cm=3

NS
;.
.
D
D
3
D
D

o]

q

T

[« 5]

q+

E-
D

B

=
D
&

P

B

I
oo

Figure C.1 — Maximum number concentration

The particle losses due to coagulation at high concentrations are described by Formula (C.1):

C
0 1 C.1)
Co (1+K-Cy-t)

© IS0 2020 - All rights reserved 9
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where

C, isthe particle concentration by number;
C,o 1isthe initial concentration by number;

t is the time;

K [isthecoagutation constant.

Based on a particle size distribution with a mean value of 0,1 um the half-life period (HalbwettsZeift)
can be specified, see Table C.1.

Table C.1 — Half-life period for particle size distribution with mean value of 0,1 pm

Initial concentration Half-life period
[cm3] L
1010 2 ms
109 20 ms
108 12s
107 2. 1min
106 20min

10 © IS0 2020 - All rights reserved
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Annex D
(informative)

Flame operation and morphology

D.1 Flame operation

]

gure D.1 shows the general set up of a diffusion flame. ('1/

24
particle output
dilution gases

quenching gases

flame C_)

air Q
gaseous {?g‘
Y

&?§ Figure D.1 — Diffusion flame example

S
D.2 Morphology

o Ul A W N R R

Examples of a soot contaminant of different soot generation methods (SEM analysed) are included in
Figures D.2 and D.3.

© IS0 2020 - All rights reserved 11
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EHT = 500 kv Signal A=InLens  Date :19 Feb 2007

"
Mag= 6000KX |———————| WD= &mm Pheto No. = 7831 Time :20:30:16

Figure D.2 — Soot from a diesel engine

: , s s } P
1um EHT = 500 kv SigalA = InLens  Date :19 Feb 2007
Mag = 60.00 K X '—( WD= Smm Photo No.=7814  Time :20:16:27

Figure D.3 — Soot particles generated by a diffusion flame, using ethylene

12
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Annex E
(normative)

Thermal-optical transmission analysis

rr

.1 Description of the thermal-optical transmission analysis

Thermal-optical transmission is a conventional method for determining the carbonaceous aerosol
ifaction and for classifying it into organic carbon (OC) and elemental carbon (EC) by tlermal treatment
[ a filter probe. In thermal-optical analyses, the carbonaceous material in aerosel’particles deposited
h a quartz-fibre filter is thermally desorbed according to a prescribed tempetature protocd|, first in
1 inert atmosphere (He) and then in an oxidizing atmosphere (He/O,).

L O O

NPTE 0C would desorb in the inert gas stream while EC would combust.in’ the oxidizing atmosphere at
high temperature. In reality however, thermally unstable organic compounds pyrolyse in the Hg-mode to
fqrm pyrolytic carbon (PC) which then usually desorbs off the filter in®he oxidizing atmosphere, l{ke native
EC. Incorrectly accounting for PC formation can very significantly bias*the discrimination betweep OC and
Ef. To correct for pyrolysis, the optical properties of the sample are monitored before and during the analysis
wlith a laser beam. As PC absorbs the laser light, light transmission and reflectance decrease while|OC chars
ir] the He-mode. When PC and EC are released from the filter ifhthe He/O,-mode, transmission and rg¢flectance
increase again and the point at which the transmission and teflectance reach the pre-pyrolysis value |s used to
scriminate OC and EC (split point).

imber of temperature steps, the temperatures.and the time of each step. For the analysis of thi aerosol

d

Several different thermal protocols are used with this analysis method. These protocols d¢fine the
n

described in this document, the protocol NIQSH 700+ shall be used.

.2 Description of filter, conditioning and storage

Iters shall be cleaned, preconditioned in a muffle furnace operated at (800-900) °C for (1-2)|h before

E
Hiigh purity, high efficiency, binderfree quartz-fibre filters shall be used.
F
upe, to remove contaminated OC. Preconditioned filters are mostly available from analysis labqratories.

Tp avoid contaminatioh;preconditioned filters shall be used within several days and stored in g suitable
closed case under@bsence of air in the meantime.

Lpaded filter after aerosol sampling shall also to be stored under absence of air and analysed af soon as
ppssible, but'within several days at last.
F

br each-analysis campaign two blind filters shall be analysed at least. All of the filters used to|evaluate
he-thermal-optical transmission shall be from the same charge and preconditioning and st|ored the
same wav

(=

E.3 Description of sampling

A sample shall be taken at the outlet of the soot generator. The sampling line shall be designed without
restrictions and sharp changes in the flow direction to avoid particle losses. It shall take account on
isokinetic sampling ideally. Sampling line shall not be heated. The temperature of the sample flow shall
be no lower than ambient temperature and shall not exceed 80 °C when passing the filter.

For each operating point, two filter samples have to be analysed at least.

Sample flow should not exceed a rate of 6,2 cm/s through the filter.

© IS0 2020 - All rights reserved 13
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