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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
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Introduction

This document is the second in a series that provides guidance pertaining to tyre and road wear
particles (TRWP). The first document, ISO/TS 22638, specifies how to generate TRWP that are to be
used for future analysis such as physical and chemical characterization. This document provides a
framework of existing international standards to perform such analysis on TRWP.

TRWP are formed from the friction between a tyre and roadway surface. The particles are subsequently
released into nearby soil and sediment ecosystems. As such, there is interest in studying the composition
of TRWP_ in the environment (I(rr—\idpr etal 2010; Unice etal 201 '-'{) Characteristics of TRWP are hkely
to [differ from that of the manufactured tread due to the chemical and mechanical alterafigns during
driving.

The document describes testing strategies and considerations for assessing the ph¥sical and chemical
properties of interest in TRWP. Specifically, guidance is provided on how(#6" qualitatively and
qupntitatively assess physical properties including morphology and particlesize distributiqgn, as well
as determining the chemical characteristics such as general composition, metallic content, tyte element
content and PAH content. Knowing the physical and chemical properties of TRWP can assist in future
anplysis regarding the environmental fate and toxicity of the particles.

© ISO 2018 - All rights reserved v
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Rubber — Framework for physical and chemical
characterization of tyre and road wear particles (TRWP)
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Thf following documents are referred to in the text in such a way‘that some or all of the
stitutes requirements of this document. For dated references) only the edition cited applies. For

tyre and road wear particles (TRWP) using published analytical standards. It is,apy
oratory-generated TRWP and TRWP collected in the environment.
TE This framework focuses primarily on published ISO standards, but includes, standards

other entities such as ASTM and AFNOR. A brief summary and justification for eachystandard {
racterize the physical and chemical properties of interest are provided.

Normative references

Hated references, the latest edition of the referenced document (including any amendment
1407, Rubber — Determination of solvent extract

9924-3, Rubber and rubber products — Determination of the composition of vulcanizates an
mpounds by thermogravimetry — Part 3: Hydrocarbon rubbers, halogenated rubbers and p(
pbers after extraction

11885, Water quality — Determination of selected elements by inductively coupled plasi
ission spectrometry (ICP-OES)

13320, Particle size analysis — Laser diffraction methods

14869-3, Soil quality — Dissalution for the determination of total element content — Part 3:
h hydrofluoric, hydrochlonic\and nitric acids using pressurised microwave technique

Terms and definitions
" the purposesiof this document, the following terms and definitions apply.

and IECmdintain terminological databases for use in standardization at the following ad

[ECElectropedia: available at https://www.electropedia.org/

properties
licable to

published
equired to

ir content

5) applies.

d uncured
lysiloxane

na optical

Dissolution

resses:

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

3.1

tyre and road wear particles
TRWP

discrete mass of elongated particles generated at the frictional interface between the road and the
pavement surface during the service life of a tyre

Note 1 to entry: The particles consist of tyre tread enriched with mineral encrustations from the roadway
surface.
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4 Physical characterization strategies

4.1 General

TRWP, whether generated naturally or in a laboratory setting, inherently have different physical
properties than naive tyre rubber because of the mechanical process in which they are created. Physical
characteristics of interest for TRWP include morphology and particle size distribution.

4.2 Morphology

The following physical characteristics shall be determined to qualitatively and quantitatively aSs

TRWP m

— shapg;

— elong
— circul

Scanning
SEM imag

Transmiss
TRWP. Eld

4.3 Pan

Particle 9
diffractio}
number a

phology:
htion/aspect ratio; and
arity.

electron microscopy (SEM) shall be used to qualitatively assessthe/morphology of TRV
es show the deposited mineral encrustations and shape of TRWP.

ion optical microscopy shall be used to quantitatively assess.the elongation and circularity
ngation is determined from the particle aspect ratio, or the ratio of length to width.

ticle size

ize distribution shall be determined using transmission optical microscopy and la
@ following ISO 13320. Transmission optical miicroscopy should be capable of quantifying
hd volume of particles used in the laser diffraction method. ISO 13320 provides guidance

instrumentation and size distribution measurement of particles ranging from 0,1 pm to 3 mm in a ty

phase sys

5 Cher

5.1 Ger

Although
will differ

fem. Special instructions are provided for particles measuring outside of this size range.

hical characterization strategies

jeral

rhe chemicals useddnjthe manufacture of tyre compound are known, the chemical composit

the chem

throughout theCservice life of a tyre. TRWP include pavement components that vary fr
cal composition of tyre compound. The chemical content of TRWP is of interest to ass

ESS

r of

ser
he
on
Vo-

on
DIM
ESS

potential foxicity of particles to aquatic and sediment ecosystems. Four chemical composition groups
to investigate consists of the:

— gene

1 composition;

— tyre element content; and

— PAH content of TRWP.

Existing methods published by ISO, ASTM, DIN and AFNOR are available to sufficiently characterize
these chemical compositions in TRWP. See Bibliography.
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5.2 General composition

:2018(E)

General composition specifies the general chemical classes comprised in TRWP. These shall include the

fol
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NHT 46-047 may be used as an alternative to ISO 9924-3.

Provided in ISO 1407 are four quantitative methods to determine the, material extract
nafural and/or synthetic raw rubbers. Recommended solvents are provided for the vulca
unpulcanized rubber for each rubber family as given in ISO 1407.

Following preliminary extraction, ISO 9924-3 shall be used to/quantify the chemical classes
Thjis method is applicable to rubbers with a hydrocarbon, halogenated hydrocarbon, and po
bagkbones.

5.3 Metallic content

AS[TM D1971 provides a comprehensive framework to determine the metallic content of

dig
pldg
NO
abs

5.5

Eld
the

combination. Specifically, ISO 14869-3 shall be used to digest TRWP samples and ISO 1188

lowing chemical classes:
plasticizers and oils;
polymers;

carbon black; and

mineral I1ller.

1407 shall be used in combination with ISO 9924-3 to determine the general compgsitior]
ecifically, ISO 1407 shall be used to determine the appropriate solvent extraction msg
9924-3 shall be used to determine the general composition using thermogravimetry.

estion of samples prior to atomic absorptief’spectrophotometry, plasma emission spectr
sma mass spectrometry. Three sample digestion methods are provided in the guidance.

TE Analytical ASTM methods referenced in the study include D1976, D3919, D4691 and D41
orption spectrophotometry, plasma-eniission spectrometry) and D5673 (plasma mass spectromet|

I Tyre element content

ments commonly associated with tyre formulation include silicon, sulfur, and zinc. Td
concentrations of-these three elements in TRWP, ISO 14869-3 and ISO 11885 shall b

of TRWP.
bthod and

able from
nized and

of TRWP.
lysiloxane

TRWP by
)metry, or

90 (atomic
ry).

measure
e used in
5 shall be

used to determinethe elemental content.
ISQ 14869-3 \provides guidance on microwave assisted digestion of a sample with a npixture of
hyfdirofluorie/acid (HF), nitric (HNO3) and hydrochloric (HCI) acids. The subsequent splution is

acy
in

eptable for use in inductively coupled plasma optical emission spectrometry analysis as
SO"11885.

described

5.5 PAH content

PAHs may be found in trace amounts in oils used in tyre formulation. French standard XP X 33-012
and German Standard AFPS GS 2014 01 PAK specifies methods for the extraction and determination
of 16 PAH compounds. Provided in the standard are three extraction methods using hexane/acetone
mixture. PAHs are quantified in the extract using one of two chromatography methods described.
[SO 21461 characterizes total aromaticity in rubber products through extraction and NMR spectroscopy.
This method can be used in lieu of XP X33-012 to evaluate total aromaticity, rather than determining
specific PAH compound concentrations.
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6 Testreport

The test report shall include at least the following information:

a)
b)
0)
d)
€)
f)
g)
h)
i)

all information necessary for identifying the TRWP sample;

reference to this document (i.e ISO/TS 22640);

date and time of testing;

identi

ty of analyst;

equianent and test conditions;

descr
testr
any a

any a

ption of chemicals, standards, and reagents;
bsults obtained;
homalies that occurred during the tests;

lditional information mandated by the standard referenced in this framework.
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