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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 proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

The use of biomass materials in rubber compounds helps to decrease the rubber industry’s dependence
on fossil resources. It is also expected to lead to a reduction of carbon dioxide emission, reducing global
warming and promoting a sustainable global environment.

In the ISO 19984 series, biomass is the term used for the biological material from living or recently
living organisms such as wood and agricultural waste materials.

Industrial scale biomass is now readily being grown from numerous types of plants sources and a variety
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€€ SPECIes. Blomass nowadays aiso INCIudes prant or animat matter used for the proauct
hemicals. [t may also include biodegradable wastes. Biomass excludes organic materials

s have their origin in ancient biomass, they are not considered biomass by thegeneral
nition because they contain carbon that has been “out” of the modern carbon gycle.

br elements can also be found.

ISO 19984 series specifies methods for the determination of thebiobased content of
ber products. The results will give manufacturers and usersia quantitative indicati
fribution to the preservation of the environment.

19984-1 specifies how to categorize constituents of rubber and rubber products and 3

Stituent.

19984-2 specifies how to determine the biobased carbon content by radio chemic
determination of 14C. It can be obtained from the fraction of carbon atoms derived fr
nst the whole amount of carbon atoms in.the rubber or rubber products. The methods §

rubber is unavailable.

19984-3 specifies how to separvate rubber compounds into constituents, how to o
stituent’s composition ratio and how to determine the biobased carbon content of each
themical analyses. Thus, theé*biobased mass content for each constituent can be deriv

biolpased mass content for the*whole rubber can be obtained by summing up all the constitu

n of fibres
Wwhich have

h transformed by geological processes into substances, such as petroleum or coali Although fossil

y accepted

composition of biomass is mainly carbon, hydrogen and oxygen. Nitrogen’and small qiiantities of
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bn of their
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ISO 19984-2:2017(E)

Rubber and rubber products — Determination of biobased

content —

Part 2:
Biobased carbon content

WARNING 1 — Persons using this document should be familiar with normal laborator
Thils document does not purport to address all of the safety problems, if any, assogiats
usel. It is the responsibility of the user to establish appropriate safety and health pract
detprmine the applicability of any other restrictions.

WARNING 2 — Certain procedures specified in this document might invelve the use or g
of qubstances, or the generation of waste, that could constitute a local’environment
Refperence should be made to appropriate documentation on safe handling and disposa

1 [Scope

Thif document specifies measuring methods for the detefunination of biobased carbon
rubper and rubber products, including polyurethanes. The\methods focus on carbon atoms i
rubper products, and determine whether the carbon-containing component is biobased or 1
from the concentration of 14C, radiocarbon isotope.

Thi
pro

5 document applies to rubber and rubber products such as raw materials, material
ducts.

2

Thd
con
und

Normative references

following documents are referred to in the text in such a way that some or all of th
stitutes requirements of this ‘document. For dated references, only the edition cited 4
ated references, the latest-edition of the referenced document (including any amendmen

[SO|123, Rubber latex —'Sampling

1SO|124, Latex, rubber>— Determination of total solids content

1SO|1382, Rubber~— Vocabulary

[SO|1795, Rubber, raw natural and raw synthetic — Sampling and further preparative procedu

[SO|4661-2, Rubber, vulcanized — Preparation of samples and test pieces — Part 2: Chemical te

y practice.
bd with its
ces and to

feneration
al hazard.
| after use.

ontents in
N rubber or
ot judging

b and final

Pir content
pplies. For
[s) applies.

'eS

Sts

[SO 15528, Paints, varnishes and raw materials for paints and varnishes — Sampling
ISO 19242, Rubber — Determination of total sulfur content by ion chromatography

ISO 19984-1, Rubber and rubber products — Determination of biobased content — Part
principles and calculation methods using the formulation of the rubber compound

3 Terms and definitions

1: General

For the purposes of this document, the terms and definitions given in ISO 1382 and ISO 19984-1 and the

following apply.

© IS0 2017 - All rights reserved
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

31

percent modern carbon

pMC

normalized and standardized value for the amount of the 14C isotope in a sample, calculated relative to the
standardized and normalized 14C isotope amount of oxalic acid standard reference material, SRM 4990c!

Note 1 to enftry: The reference value of 100 % biobased carbon is given in Table 2.

3.2

14C activi
relative copcentration of radiocarbon 14C expressed as a counting of B-irradiation from the decdyed
radiocarbgn atoms per minute

Note 1 to entry: The unit of 14C activity is “dpm” (decay per minute).

Note 2 to ertry: The 14C activity is determined relatively using standard referenee material (SRM 4990c) whose
14C activitylis set at 13,56 dpm.

4 Pringiple

This document specifies those methods to determine the biobased carbon contents derived ffom
biomass rejsources.

When the formulation of the rubber product is available, the biobased carbon content can be calculated
(see ISO 19984-1). The biobased carbon content is defined as the amount of biobased carbon to the tptal
carbon in fjubber or rubber products as Formula (1

c
TC B
=1———x100 1
A8 Tt Cnn @
where
%gc is the biobased carbon content (%);

Cg, Crpnd Cnp are themass of biobased, fossil-based and non-biobased carbon, respectively.

When therle is no available information for the rubber or the rubber product, the biobased carpon
content cah be determined by the 14C concentration. Due to its radioactive decay, 14C hardly exists
in fossil prloducts-older than 20 000 years to 30 000 years. Therefore, the 14C present in products is
estimated fahave come from recent atmospheric carbon dioxide, and consequently, it can be considgred

as a tracer'eft cpcutl_y Pt oducedbio 1923 oduets:

The biobased carbon content values determined in accordance with this document can also be compared
to the theoretical values calculated from the formulation, so that the reliability of the information about
the rubber in the rubber product is confirmed.

In order to determine the biobased mass content for raw rubber, organic ingredient, rubber products or
separated constituents, refer to ISO 19984-3.

1) SRM4990cis an example of a suitable product supplied by the US National Institute of Standards and Technology.
This information is given for the convenience of users of this document and does not constitute an endorsement by
ISO of the product named. Equivalent products may be used if they can be shown to lead to the same results.

2 © IS0 2017 - All rights reserved
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5 Sampling

51 In the case of latex, carry out sampling in accordance with ISO 123 and dry the sample in
accordance with I1SO 124.

5.2 In the case of raw material, carry out sampling in accordance with ISO 15528.
5.3 In the case of raw rubber, carry out sampling in accordance with ISO 1795.
5.4 In the case of vulcanized rubber, carry out sampling in accordance with ISO 4661-2.

NOTE hepreced h—s a familiar

preparation process for carbon dating, is not necessary.

6 |Measuring method of biobased carbon content by determination of 14
content for rubber products and raw materials

6.1/ General

Sanpple preparation and two methods for the determination of the"1*€ content are descriped in this
document. With these modular approaches, it is possible for normally equipped laboratories|to prepare
sanjples and choose either to determine the 14C content with their own equipment or to ougsource the
det¢rmination process to other laboratories who are specialized in this technique.

Forfthe collection of the 14C from the sample, commonly accepted methods for the conversion of the carbon
present in the sample to carbon dioxide are adopted as indicated in Figure 1 (see also A.4.1 and B.4.1).

For|the measurement of the 14C content, two metheds are adopted that have been generally gccepted as
age|determination methods as indicated in Figure'l (see also Annex A and Annex B).

Rubber and rubber products

Prétreatment Pretreatment
I I
CO, or graphite CO, or benzene
Measuring '*C content Measuring *C content
(AMS) (LSC)
see Annex A see Annex B

Biobased carbon content

Carbon content (optional)

Figure 1 — Outline for the determination of biobased carbon content

© IS0 2017 - All rights reserved 3
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6.2 Sample preparation and two methods to determine 14C concentration

Carry out an oxidation of the sample as specified in A.4.1 and B.4.1. A complete oxidization of all the
carbons present in the sample shall be performed to obtain exact results. The measurement shall be
made according to one of the following two methods:

of 14(C,

specified in Annex A;

Method A [Accelerator mass spectrometry (AMS)]: direct determination of the isotope abundance

Method B [Liquid scintillation counter (LSC)]: indirect determination of the isotope abundance of

14C through its emission of beta-particles (interaction with scintillation molecules), specified in

Annex

The compalrison between these test methods is given in Table 1.

B.

Table 1 — Characteristics of the measurement methods of 14C

Method Determination Sample amount Measurement time Rela(tiievvei::?onndal d
IE/IIXeI\SI}éc))d A irsegséi)‘;efzaéi?gé)z;vgiiré 1 mgto 10 mg 10 min to 30 min 0,2%to 2,0%
1(\/{?(%0(1 B B counts of 14C decay 0,5mgto2,0g 4hto24h 0,2 % to 10 %

6.3 Calculation of the biobased carbon content
6.3.1 General
The biobased carbon content as a fraction to the total\carbon content, xgc, using the 14C content vdlue,

is determined by calculation from one of the testfmethods specified in 6.3.3 or 6.3.4, and applying

correction

6.3.2 Co

Before the
atmospher
sample grg
determine

factor in Table 2.

Irection factor

above-ground hydrogen (bomb testing (started around 1955 and terminated in 1962),
ic 14C level was constantwith a few percent range of change for the past millennium. Hen
wn before 1955 has 4 weéll-defined “modern” 14C activity, and the fossil contribution coul
1 in a straightforward way. After that, 14C generated during the bomb-testing era incred

the atmost
gradually,
emission

OI
ratio. The

owever, to X01°% (pMC) and 13,70 dpm (14C activity), respectively by 2017, because the 13
fossil C duving the last decades have contributed to the decrease of the atmospheric 14C
EF value.af 100 % biobased carbon is indicated in Table 2 in accordance with ASTM D6§

the

the
e, a
]l be
sed

heric 14C levelup-to 200 % (pMC) and 27,12 dpm (14C activity) in 1962. The values declined

rge
12C

66.
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Table 2 — REF value of 100 % biobased carbon in determined year

Year REF (pMC, %)
2015 102,0

2016 101,5

2017 101,0

2018 100,5

2019 1000

2020 to be determined

For|the calculation of the biobased carbon content, a 14C content of 101 pMC [REFmsed in Hormula (2)
and Formula (3)] is considered as a 100 % biobased carbon content for biomass ifn,2017.

NOTE A hundred (100) % pMC obtained by AMS measurement (Method Aj)Cerresponds to| 13,56 dpm
obtdined by LSC measurement (Method B). A hundred and one (101) % pMC for‘biomass carbon Harvested in
201} corresponds to 13,70 dpm.

6.3{3 Calculation of ;(g ¢, the biobased carbon content by Method A (AMS)

Calgulate the biobased carbon content as a fraction of total)cdrbon, )(];FC, expressed as a percentage,

usifpg Formula (2) (see Annex A):
Tc _ PMCg
= x100 2
XB REF (2)
whére

pMCs is the measured value, expressed in pMC, of the sample;
REF is the reference value, expressed in pMC (see 6.3.2).
6.3/4 Calculation of ;(g ¢, the biobased carbon content by Method B (LSC)

Calgulate the biobased-carbon content as a fraction of total carbon, xgc, expressed as a percentage,
g Formula (3) {s€é Annex B):

—

us

A
activit
25€ = REFY %100 (3)
13,56 X——xm
100

where

MCyctivity  is the 14C activity, expressed in dpm, of the sample obtained by calculation when using
Method B (see Annex B);

REF is the reference value, expressed in pMC, of the sample (see 6.3.2);

m is the mass, expressed in grams, of the sample.

6.3.5 Examples

For examples of biobased carbon content determination, see Annexes C and D.

© IS0 2017 - All rights reserved 5
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7 Precision

See Annex E.

8 Testreport
The test report shall include at least the following information:

a) areference to this document, i.e. ISO 19984-2;

b) all infprmationreecessaryfor—complete—identification—ef-the—rubber-material-or—preduet—tested,
including the origin of the biomass from which the material or product is constituted;

c) test method used for the determination of the 14C content (Method A or B);

d) information on whether §13C correction was applied or not (see A.5);
e) methof for the oxidation of the carbon (see A.4.1 and B.4.1);
f) 14Cvalue expressed in pMC (Method A), or 14C activity of the sample expresséd in dpm (Method B);

g) REF vdlue used;

h) test results: biobased carbon content by total carbon content, ;(gc, expressed as carbon %, of{the
samplg; if the calculating value exceeds 100, the value shall be.reported as 100 %;

i) any additional information, including details of any dewiations from the test methods and [any
operatjions not specified in this document which couldhave had influences on the results;

j) date of the test.

6 © IS0 2017 - All rights reserved
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Annex A
(normative)

Method A — Determination by accelerator mass spectrometry
(AMS)

A.]I Principle

Thif annex provides the procedures to determine 14C amount in rubber or rubberproductq (including
polyurethane) by accelerator mass spectrometry (AMS).

To fletermine 14C amount by AMS, the rubber or rubber products shall(bge’ converted ipto carbon
graphite. Some AMS apparatus allow to determine 14C by the form of CO2.Follow the manufacturer’s
insfruction to select the procedure to be applied.

The determination shall always be accompanied by the reference niaterial determinations 3t the same
timg to confirm the accuracy.

A.2 Reagents and materials

A.2|1 Standard reference material, e.g. SRM 4990¢2).
A.2]2 Copper oxide (CuO).

A.2{3 Sulfur absorbent (e.g. Sulfix or silver ribbon).
A.2}4 Iron or cobalt catalyst.

A.2]5 Hydrogen.

A.2}6 Dryice.

A.2]7 Organi¢selvent, acetone or ethanol.

A.2{8 Liquid nitrogen.

A.2]9°0 Argon and air, for elemental analyser.

A.3 Apparatus
A.3.1 Balance, accurate to the nearest 0,1 mg.
A.3.2 Quartz tube (I.D.; ca. 5 mm, length; ca. 200 mm).

A.3.3 Tube furnace, capable to perform to 1 000 °C adapted to the quartz tube size.

2) SRM4990cisan example of a suitable product supplied by the US National Institute of Standards and Technology.
This information is given for the convenience of users of this document and does not constitute an endorsement by
ISO of the product named. Equivalent products may be used if they can be shown to lead to the same results.

© IS0 2017 - All rights reserved 7
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A.3.4 Elemental analyser, with sulfur absorbing column.

A.3.5 Gas manifold apparatus.

A.4 Procedure

A.4.1 Oxidation of samples to obtain CO>

A.4.1.1 Procedures

Obtain CO3

A412

This meth
evacuated

all carbong

test piece.

NOTE

Under insufficient quantity of CuO, carbon black in rubber compounds, which is usually fossil-b
(non-biobas

by either of the methods in A.4.1.2 or A.4.1.3.

uartz tube method with copper oxide (CuO)

d collects COz by mixing homogenized test piece (of 1 mg to 2 mg) with\GuO in a sea

in the test piece. Practice has shown that over 400 mg of CuO shall-be added for each 2

ed), tends to remain unoxidized, so the relative biobased carbon.¢ehtent is wrongly increased.

led,

quartz tube. The sufficient amount of CuO should be added to achieve ¢gomplete oxidation of

mg

hsed

Sulfur comipounds inhibit conversion of graphite from CO;. When the test piece includes sullfur

compound

The tube is
using a tub

Purify the
acetone.

A.4.1.3 Hlemental analyser method

This meth
amount of

NOTE
biobased), |

When the

elemental §

The formegl CO flows into the gas manifold apparatus connecting to the elemental analyser.

Purify the
acetone.

Under insufficient oxidation, carbon black in rubber compounds, which is usually fossil-based (;

5, put a sulfur absorbent such as sulfix or silver ribben*for this procedure.

heated to 850 °C to 1 000 °C for 3 h to 5 h. The farmed CO; is collected by breaking the ]
e-cracker connected to a gas manifold apparatus:

collected CO7 in the gas manifold apparatiis using liquid nitrogen and dry ice in ethanc

bd collects CO; using an elemental analyser. Depending on the apparatus, the requ
Lhe test piece will range ffom 1 mg to 10 mg.

ends to remain unoxidized, so the relative biobased carbon content is wrongly increased.

test piece ingludes sulfur compounds, use a sulfur absorbent column connected to
hinalyser to.reimove sulfur gases such as SO, from oxidation gas.

collected CO7 in the gas manifold apparatus using liquid nitrogen and dry ice in ethand

ube

]l or

red

101n-

the

Il or

A.4.2 Conversion to graphite

If the AMS

can measure the obtained CO; (see A.4.1) directly, this procedure is unnecessary.

Transfer the CO; to the gas manifold apparatus.

© ISO 2017 - All rights rese
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Introduce the gaseous sample in the system as it is released from a quartz tube or after it is trapped in
liquid nitrogen followed by the subsequent heating. Then convert the purified CO; to graphite using an
iron or cobalt catalyst with hydrogen gas as follows:

CO2 + 2H2 - C+ 2H0

Repeat the procedure from A.4.1 to A.4.2 with standard reference material.

A.4.3 Determination of 14C concentration

Loagtheprepared graphite of Tubber/Tubber products amnmd of stamdard referemnce mraterial into the
AMS. The equipment counts the number of each carbon isotope (12C, 13C and 14C) and inflicates the
relqtive ratios of 14C/12C as well as 13C/12C.

A.3 Calculation of the results

Obtpin percent modern carbon (pMCs) values from the 14C/12C relative ratio (see Al4.3) using

Formula (A.1):

A
pMCg =—S-xpMCy (A1)
A

whére

pMCs 1is the percent modern carbon value of sample;

pMCR is the percent modern carbon value of$tandard reference material;
As is the 14C/12C relative ratio of radiecarbon of sample;

AR is the 14C/12C relative ratio ofradiocarbon of standard reference material.

The obtained percent modern carbon (pMCs) values may be corrected using stable is¢tope ratio
(13¢/12C) of the test sample andsstandard reference material. In some areas such as carbon fating, it is
confmonly employed to correctthe results with another isotopic ratio (13C/12C). However, tﬂ? survey in
2013 to 2015 has shown thatthis correction has little influence on biobased carbon contenjt of rubber
sanjples. As far as possible, it is preferable to have results without any corrections to avoid cpnfusions.

© IS0 2017 - All rights reserved 9
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Annex B
(normative)

Method B — Determination by liquid scintillation counter (LSC)

B.1 Principle

This anney provides the procedures to determine 14C activity in rubber or rubber products (including
polyurethdnes) by liquid scintillation counter (LSC).

To determ|ne 14C activity by LSC, CO2 obtained from the rubber or rubber products \shall be either
absorbed tp carbamate solution or be converted to benzene.

Each determination shall be accompanied by reference determination to confirm accuracy.
B.2 Reagents and materials

B.2.1 Standard reference materials, e.g. SRM 4990¢3).

B.2.2 Scintillation liquid.

B.2.3 Abkorbent solution.

B.3 Apparatus

B.3.1 Balance, accurate to the nearest 0,1.mg.

B.3.2 Bomb calorimeter, based o 1SO 1928.

B.3.3 Tupe furnace, as specified in ISO 1924 2.

B.3.4 Sample oxidizing apparatus.

B.3.5 Liquid scintillation counter (LSC), with a low level counter.

B.3.6 Benzene synthesis apparatus.

B.3.7 Gas bag.

3) SRM4990cisan example of a suitable product supplied by the US National Institute of Standards and Technology.
This information is given for the convenience of users of this document and does not constitute an endorsement by
ISO of the product named. Equivalent products may be used if they can be shown to lead to the same results.

10 © IS0 2017 - All rights reserved
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B.4 Procedure
B.4.1 Combustion of the sample and the standard reference material to obtain CO>

B.4.1.1 Procedures

Obtain sufficient amount of CO7 from the rubber sample and the standard reference material in accordance
with B.4.1.2 or B.4.1.3. Care has to be taken as the required amount of CO; varies depending on

— the further cocktail preparation procedures (i.e. the absorbent-solution method in B.4.2.1 or the
COTIVETSIOTITTto=-benzerre e thotHm B4-2-23;

— |the sort and the amount of CO absorbent used,
— |the size of scintillation vial, or
— |the sensitivity of the LSC apparatus used.

If sufficient CO3 is not obtained, repeat these methods. For these methods, automated sample oxidizing
apppratus such as sample oxidizer can be used.

B.4|1.2 Calorimetric bomb method

For|the combustion of the test sample and the standard refefence material in a calorimetriqbomb, any
suitfable test method such as ISO 1928 may be used.

After the complete combustion in the oxygen bomb, the,combustion gases are collected in a gas bag.

B.4|1.3 Tube furnace method

For|the combustion of the test sample and, the standard reference material in a tube fyrnace, any
suitlable test method such as ISO 19242 may be used.

Thed combustion gases from the tubé firxtrnace are collected in a gas bag.

NOTE Under insufficient oxidation, carbon black in rubber compounds, which is usually fossil{pased (non-
bioHased), tends to remain unoxidized, so the relative biobased carbon content is wrongly increased

B.42 Preparation of cocktail for LSC test

B.4{2.1 Absorption to absorbent solution

The obtainedCO7 (see B.4.1) in the gas bag is absorbed in COy absorbent solution under the suitable
confditions.depending on the used absorbent and the used LSC apparatus.

Trapsfer.the absorbent to the measuring vial and add an equal volume of the scintillation|liquid and
homngpnimﬁ the mixture forused LSC apparatus

B.4.2.2 Benzene synthesis from CO3

Refer to ASTM D6866-16, 12.7 to 12.12. Automated apparatus for benzene synthesis can be used.
Benzene is synthesized from the obtained CO; (see B.4.1).

The obtained benzene is added to an organic scintillator with suitable ratio for used scintillator and
used LSC apparatus.

B.4.2.3 14C activity measurement by LSC

Place the vial of the cocktail (see B.4.2) in the LSC to measure 14C activity, i.e.  counts of 14C decay.
Typical counting times are 4 h to 24 h. Perform measurements both for rubber-origin cocktail and

© IS0 2017 - All rights reserved 11
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reference cocktail. Subtract the background count rate from the sample count rate to obtain the net
count rate. The 14C activity (dpm) is obtained by normalizing the net count rate to the count rate of the
standard reference material (oxalic acid, e.g. SRM 4990c).
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(informative)

ISO 19984-2:2017(E)

Examples of the determination of biobased carbon content for
rubber and rubber products

TabJe C.1 indicates measuring results of the biobased carbon contents for rubber compound and
polyurethane determined by AMS. Theoretical values of biobased carbon contents are calculated based
on [SO 19984-1. Table C.2 indicates measuring results of the biobased carbon contents [for rubber
profucts such as parts of tyre and a rubber glove.
Table C.1 — Examples of calculating and measuring biobased carboxn¢ontents for rubber
compounds and polyurethane
Biobased ¢arbon
Outline of compound recipe content,
%
N Carbhdh o Calculating | Measuring
Rubber Characteristic ingredient | black\(CB), Sll;lca, value, results,
phr o % %
1 |NR/BR=60/40 None 35 39,2 39,2
y NR =100 None 45 61,0 60,4
] NR/S-SBR =70/30 None 40 15 41,8 42,0
4 |NR/S-SBR=20/80 None 10 45 13,1 13,7
] NR/BIIR =30/70 None 45 0 19,7 21,2
¢ ENR =100 None 5 60 78,2 79,8
] NR =100 Castor oil 45 0 67,4 65,7
3 S-SBR =100 Phenoic resin 10 70 0,7 2,0
g NR/S-SBR =80/20 Resin partly from biomass 50 459 44,5
NR =100 CB from rapeseed oil 30 70,8 71,1
polyurethane Biobased polyol — — 69,6 67,8
NOTE NR: Natural ribbér, BR: Butadiene rubber, S-SBR: Solution polymerized styrene-butadiene rubber,
BIIR: Bromobutylrubber, ENR: Epoxidized NR.
© IS0 2017 - All rights reserved 13
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Table C.2 — Examples of biobased carbon contents for rubber products

Biobased carbon

Sample name content,
%
Rubber glove 100,0
Tread of tyre 59
Sidewall of tyre 18,8
Undertread of tyre 47,0
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Annex D
(informative)

Determination of the biobased carbon content of a tyr

To ])btain the result below, cut samples of a tyre were prepared and each size of the eross-

diff]
to 4
acc
con,

D.2

D.2

D.2

D.3
Taki

plapimetry software such as Image]TM4) or ImageMeasure TM4),

General
Fenera:

erent components/layers was calculated first. The circumference and the rubber|conte

prdance with this document and the ratio of each section by mass, the wholetyre’s bioba
fent was calculated.

Preparation of cut samples of tyre
1 Upon cutting out samples, pay attention to avoid joint pafts of the tyre.
2 Finish the cut samples with buffing such that the structure of the surface is shown cle

Determination of the size of cross-section

e digital pictures of the cut surfaces, anddcalculate the area size (aj) of each secti

e

sections of
nt relevant

ach component were multiplied then. Finally, from the biobased carbon content det¢rmined in

Ssed carbon

brly.

bn using a

4)

Image] and ImageMeasure are examples of suitable products available commercially. This information is given
for the convenience of users of this document and does not constitute an endorsement by ISO of these products.
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D.4 Determination of composition for each component of tyre

D.4.1 Determine the radius (i), i.e. the straight length between the centre of the tyre and the gravity
point of each component’s cut surface. Examples of the gravity point of typical tyre components such as
tread, sidewall, inner-liner, rubberized belts and bead-filler are shown in Figure D.1.

Key

1 gravitypoint of tread

2 gravity|point of rubberized belts
3 gravity[point of inner-liner

4  gravity|point of sidewall

5 gravity|point of bead-filler

6

centre Ine of the tyre

ri length petween the centreline and the gravity point of each component in the tyre

Figure D.1 — Gravity points of typical tyre components

D.4.2 Callculate the mass of each component (wj;) according to Formula (D.1):

Wi =ai><2r'i><1t><di (D.l)

where

w;i is the mass of the component (g);
aj is the size of cross-section of the component (cm2);
ri isthelength between the centre line of the tyre and the gravity point of the component (cm);

d; isthe degree of density of the component, determined in accordance with ISO 2781.
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