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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 the.geferal
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

rubber and
bn of their

Iso how to

ulate the biobased content using the compound formulation and the chemical structyre of each

| analyses,
biomass
pecified in

19984-2 allow consumers to determin€_the biobased carbon content even when the forimulation of

btain each
ronstituent
ed and the

bnt values.
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Rubber and rubber products — Determination of biobased
content —
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General principles and calculation methods using the
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3.1

mulation of thie rubber compound

Scope

5 document specifies the general principles and the calculation methodsfor the detery

bio:Lased content in rubber and rubber products, including polyurethanes, by using the

ulation. These calculation methods are based on the mass or the carbon mass of each
sent in the rubber or rubber product.

Normative references

following documents are referred to in the text in such a way that some or all of th
Ktitutes requirements of this document. For dated‘treferences, only the edition cited 3
ated references, the latest edition of the reference@document (including any amendmen

1382, Rubber — Vocabulary

19984-2, Rubber and rubber products — Determination of biobased content —Part 2
bon content

19984-3, Rubber and rubber products — Determination of biobased content —Part 3
s content

Terms and definitions
the purposes of this-document, the terms and definitions given in ISO 1382 and the folloy

and IEC maintainrterminological databases for use in standardization at the following ad

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

[SO @nline browsing platform: available at http://www.iso.org/obp

hination of
compound
ronstituent

Pir content
pplies. For
[s) applies.

: Biobased

: Biobased

ving apply.

dresses:

ra

iocarbon

radioactive isotope of carbon, 14C, having 8 neutrons, 6 protons and 6 electrons

3.2

biobased component
biobased part of a biobased constituent which is wholly or partly from biomass resource(s)

3.3

biobased content
amount of biobased component(s) (3.2) in a product expressed by carbon % to total carbon or mass % to
total product mass

© IS0 2017 - All rights reserved
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3.4

biobased carbon content
amount of biobased component(s) (3.2) in a product expressed by carbon % to total carbon

3.5

biobased mass content
amount of biobased component(s) (3.2) in a product expressed by mass % to total product mass

3.6
biomass

material of biological origin excluding material embedded in geological formations and/or fossilized

Note 1 to er]try: For more detailed description, refer to the introduction of this document.

3.7

biobased patural rubber

cis-1,4-poly
tree), Part
(Russian d

Note 1 to en
synthetic ry

3.8
biobased s
rubber ob
resources

3.9
fossil-basé¢
rubber obt

3.10
biobased
organic co

3.11
fossil-basg¢

risoprene rubber obtained from botanical sources such as Hevea brasiliensis (Para rul
henium argentatum (guayule), Helianthus annuus (sunflower), Taraxacum kok-sag
hndelion), etc.

try: Epoxidized natural rubber and other types of modified natural rubbets are classified as biob

bber for the purpose of calculation because these rubbers contain non<biomass resources.

ynthetic rubber

bd synthetic rubber
nined through chemical process(es) wholly firom fossil resources

ganic ingredient

r
Lpounding ingredient wholly or{partly from biomass resources

bd organic ingredient

organic compounding ingredient wholly from fossil resources

3.12

biobased inorganic ingredient

inorganic ¢

3.13

ompoundingingredient wholly or partly from biomass resources

non-biobased inorganic ingredient

inorganic ¢

onfpounding ingredient wholly from resources which are not biomass

ber
hyz

hsed

fained through chemical and/or biological processfes) wholly or partly from bionjass

Note 1 to entry: Carbon blacks are classified as inorganic ingredient.

4 Principle

4.1
content

Identification indices for rubber or a rubber product to determine the biobased

There are three indices used to identify the rubber or rubber product, namely,

a)

the compound formulation,

b) the chemical composition of each constituent, and

© ISO 2017 - All rights reserved
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)

There are three levels of condition depending on which identification information is ava
condition level determines the approach to be taken to determine the biobased content.

the origin of the raw material.

4.2 Condition level 1: when all (a), (b) and (c) are available

ilable. The

If a rubber product is under condition level 1, its biobased content can be obtained by calculation in

accordance with this document.

4.3

Val 1" 1 10 h | y . ) LA T T — L1 D 1L W . ] 1 1.1
LOIMAIIoI 1ever 4. WIICIl (d) IS dvdillaDIC DUt (D) 4alll /0TI (L) IS UlldvdallaDIc

Ifa
be

rubber product is under condition level 2, the biobased carbon content of the raw. fiiaten
determined first by the 14C determination methods specified in ISO 19984-2 lor th

ials should
b chemical

analysing methods specified in ISO 19984-3. Next, the biobased content of the whole compofund can be

derjved proportionally to the mix ratio in accordance with this document, substituting the ¢
biolpased content values into the compound formulation (a).

4.4

When there is no available information about a rubber or a rubber product, the biobased cd
be dletermined either by ISO 19984-2 or ISO 19984-3. It should:be noted and planned befor

Condition level 3: none of (a), (b) nor (c) is available

the[chemical analysing methods specified in ISO 19984-3 yequire to refer to ISO 19984-2
det¢rmine the biobased carbon content.

4.5| Distinction between biobased carbon centént and biobased mass content
Biobased carbon content and biobased mass, content are different ways of expressing th
confent.

NOTE The difference between the two.indices, i.e. biobased carbon content and biobased mas
shoyn in Figure A.1.

4.6| Principle of determination of the biobased content by analyses

In ¢rder to determine the biobased content of rubber and rubber products, the radio

confentration is measured in accordance with ISO 19984-2 and ISO 19984-3. The det
methods by analyses are based on the following principle.

Thq difference betwéeen biobased carbon and fossil-based carbon is the existence of 14C, a
isotope of carbon. The ratio of 14C to 12C in the atmosphere is constant and very low (1 x
can|be generated when 14N is irradiated by cosmic radiation in the upper region of the a
and| carbon-dioxide having such 14C eventually gets absorbed by plants by photosynthesis,
bioinass contains 14C at the constant rate stated above. In contrast, fossil-based carbons har
14C] since half-life of 14C is 5 730 years and almost all of them have decayed during the 1|

etermined

ntent shall
ehand that
in order to

e biobased

5 content, is

farbon 14C
prmination

radioactive
10-12), 14C
mosphere,
so modern
dly include
png period

of time spent underground.
determined by measuring 14C present in them.

The mechanism of 14C insertion into biobased products is shown in Figure B.1.

cts can be

4.7 Outline of analyses and separation procedures for the determination of biobased

contents

An outline of the separation procedures and analyses for the determination of biobase
specified in the ISO 19984 series is shown in Figure 1.

d contents

[SO 19984-2 allows the determination of the biobased carbon content of rubber products without any

separation procedures.

© IS0 2017 - All rights reserved
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ISO 19984-3 allows the determination of the biobased carbon content of each constituent by chemical
separation procedures. It also allows the determination of the mass content of each constituent by
composition analysis. The analytical results are combined to obtain each constituent’s biobased mass
content. Finally, the total biobased mass content of the rubber product can be calculated.

(

\

Biobased carbon

Rubber product ]| Measuring content of rubber I
I 14C content product |
\ IS0 19984-2 - ]
el [ Chemical separations | I
* 1 .
; [ [ | 5
N Constituent A, B, C ConstituentD, E ConstituentF G E
E (Rubbers) (Organicingredient) (Inorganicingredient) :
. | | ] .
:| Composition|| Measuring Composition|| Measuring Composition|| Measuring E
E ahalysis 14C content analysis 14C content analysis }C content | =
: I [ [ | | | :
: | Totql carbon Biobﬁlsed Total carbon Biobl:;lsed Total carbén Biobl:):lsed .
. carbon carbon carbon .
:| cpntent content content content congent content | :
:| inABC inA, B, C inD, E inD,E rKG inF, G .
. Biobased Biobased Biobased .
. mass content mass content mass content .
H inA, B, C inD, E inE G H
: l J :
-‘, Total biohased .'
., mass content IS0 19984-3 K
*, of rubber product o
. o

Figurg 1 — Outline of separation procedure for the determination of biobased contents

5 Calculation methods for biobased content

5.1 Constituents efa rubber product

& A d
N NN NN NN NN NN NN NN NN EEEEE NN SR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEssmmns®

A rubber pfoductisitypically composed of seven constituents as shown in Figure 2.

© IS0 2017
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Wy Wy We Wh Wrg Wk W

® & 0 06 6 6 6

Wg, Wc, Wp, Wg, Wgand Wg  mass % of the constituents A, B, C, D, E, F and G, respectively

Con|
Con|
Con
Con
Con
Con
Con

Ali

5.2

5.2
Wh

Stituent A biobased natural rubber

stituent B biobased synthetic rubber

stituent C - fossil-based synthetic rubber
ctituent D biobased organic ingredient
stituent E fossil-based organic ingredient
stituent F biobased inorganic ingredient
stituent G- non-biobased inorganic ingredient

Figure 2 — Constituents in a rubber product

5t of examples of how to classify a rubber or an ingredient'is available in Annex D.

Biobased mass content

1 Biobased mass content when the biobased constituents are derived wholly fro

Figuire 3), the biobased mass content, expressed as a percentage against the total mass of t

sha

whg

1 be calculated according to Formula (1):

re

mp is the biobased mass content (%);

Wa, Wg, Wpand Wr are the mass % of the biobased component in constituents A, B, D §
respectively, in the product.

bxample of this calculation is given in Annex C.

©IS

02017 - All rights reserved
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bn it is known that all the biobased constituents of the product are wholly derived from bjomass (see

e product,
(1)
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a0

FFFFFrFrrry

Key
Wa, Wg, Wpland WE  mass % of the biobased component in constituent A, B, D and F, respectively,

w biobgsed component

Figure 3 — Biobased mass content when the biobased constituents are derived wholly from
biomass

5.2.2 Bi¢based mass content when the biobased constituents are,derived partly from biomass

When biobased synthetic rubber (constituent B) and biobased drganic ingredient (constituent D)|are
only partly derived from biomass (see Figure 4), the biobased mass content, expressed as a percenfage
against thd total mass of the product, shall be calculated accerding to Formula (2):

mg =Wy +Wgy +Wpy +Wg (2)
where
mg is the biobasedass content (%);

Wa, Wg1, Wp1 and Wg  are the mass % of the biobased component in constituent A, B, D and F,
respectively, in the product.

An examplp of this calculation i§ given in Annex C.

V/W ALY
é W1 / Wr

227
7
® ©@ 0 66 6 6

Key
Wa, Wg1, Wp1 and Wr  mass % of the biobased component in constituent A, B, D and F, respectively

w biobased component

Figure 4 — Biobased mass content when the biobased constituents are derived partly from
biomass

6 © IS0 2017 - All rights reserved
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5.3 Biobased carbon content

5.3.1 Biobased carbon content when the biobased constituents are derived wholly from biomass

When it is known that all the biobased constituents of the product are wholly derived from biomass, the
biobased carbon content, i.e. the amount of carbon of biomass origin (see Figure 5), is expressed as a
percentage against the total carbon and shall be calculated according to Formula (3):

My +Mg+Mp+Mg

25€= x 100 )
My +Mp+Mq+Mp+Mg + Mg+ Mg
wheére
%gc is the biobased carbon content (%);
Mp, Mg, Mc, Mp, Mg, Mg and Mg are the carbon mass of the constituentsiA;B, C, D, E, F and G,

respectively.

An example of this calculation is given in Annex C.

Key]
Mp, Mp, Mc, Mp, Mg, Mp and Mg carbon mass of the constituents A, B, C, D, E, F and G, respectively
M1 | biobased carbon

M2 | fossil-based carbon or non-biobased carbon

Figure 5 — Biobaséd carbon content when the biobased constituents are derived wholly
from biomass

5.3]2 Biebdsed carbon content when the biobased constituents are derived partly fron biomass

When blobased synthetic rubber (Constltuent B) and biobased organic lngredlent (congtituent D)
are Ull}y lJCll Ll)’ dCl lVCd fl UIll blUlllaDD \DCC l lEulC \J)‘ tuc bxubaocd \,albuu \.UllLCllL‘ I.C. LhC amount Of

carbon of biomass origin, is expressed as a percentage against the total carbon and shall be calculated

according to Formula (4):
4TC- My +Mpy +Mpy + Mg
B 7 M, +Mg+M+Mp+Mg +Mg+M

x 100 (4)

© IS0 2017 - All rights reserved 7
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where

An exampl

M1 | M2
|

Key
Ma, Mc, Mg, Mp and Mg  carbon mass of the constituents A, C, E, Fand G, respectively
Mg1 and Mpj carbon mass of the biobased constituénts B and D, respectively
Mpg> and Mpp carbon mass of the fossil-based constituents B and D, respectively
M1 biobased carbon
M2 fossil-based carbon or non-biobased carbon

Figure 6 — Biobased carbon content when the biobased constituents are derived partl)

6

The test report shall include at least the following information:

a)
b)

‘)
d)
e)
f)

g)

ch is the biobased carbon content (%);

M, Mg, Mc, Mp, Mg, MF and Mg are the carbon mass of component in the constituents A, B, C, D, E,
F and G, respectively;

Mpg1 and Mp1 are the carbon mass of biobased component in the
constituents B and D, respectively.

T
)
=

LTI

<

from biomass

Test yeport

a reference to this'document, i.e. ISO 19984-1;

all infprmation necessary for complete identification of the rubber material or product tesfted,
includjngthe origin of the biomass from which the material or product is constituted;

the formulation of the rubber product (composition, mass of carbon, and biobased carbon content);
biobased mass content expressed as a percentage, of the rubber product;
biobased carbon content expressed as a percentage, of the total carbon;

any additional information, including details of any deviations from the calculation methods which
could have had an influence on the results;

date of calculation.

© ISO 2017 - All rights reserved
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Annex A
(informative)

Difference between “biobased carbon content” and “biobased
mass content”

Biobased carbon content and biobased mass content are two different indices of biobasedicdntent. The
difference is shown in Figure A.1.

biobased carbon content derived from biomass presents in the rubber product
Biobased carbon congent = 61,9 %

ST TT (e

NR=50 mass % CR=50 mass %

(52}
S
(- —)

biobased mass content derived from biomass presents in the rubber product

CH, HC CH, HC
N, + Nl :
C=CH /C=CH ==~ Biobased mass content =50 %
€l

H,C

NR=50 mass % CR=50 mass:%

Figure A.1 — Biobased carbon content and biobased mass content for a rubber produ¢t (NR and
CR)

© IS0 2017 - All rights reserved 9
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The difference between biobased carbon and fossil-based carbon is the presence of 14C, a radioactive

Annex B

(informative)

4

4N

Mechanism of 14C insertion into biobased products

per
5 by

photosynthesis, so modern biomass contains 14C. In contrast, fossil-based carbons hardly include [4C,

since half-

ife of 14C is 5 730 years and almost all of the atoms have decayed during the long period

of time spgnt underground. Therefore, the biobased content of rubber and rubber products can be
determinegl by measuring 14C present in them.

The mechanism of 14C insertion into biobased products is shown in Figure B.1.

| Modern atmosphere

1 Ancient atmasphere

Nitrogen-14 Carbondioxide
}—Cosmic radiation
Photosynthesis
Carbon-14 | | Carbon-12 A - Geosphere

1C/12C=1x 1012

K

—

Carbon dioxide

Photosynthesis

Fossil fuel

-1 Geosphere

Plant (Biomass)l
. 2

Forest
& Agricultural field

14C=0

SapaA )T 01 7

millions of years
under the ground

Half life time of ®
14Cis 5 730 years

J2IN0Sal aAnISNeyYxy

92.IN0Sa.l

-| Eermentation source
Agricultural waste

QJqeureIsns

10

& fermentation

Chemical reaction

A 4

Chemical reaction
fermentation

Biobased chemicals

Fossil-based chemicals

2

@V

v U

Wholly biobased
products

Partly biobased
products

Wholly fossil-based
products

Figure B.1 — Mechanisms of 14C insertion into biobased products
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(informative)
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Examples for calculation of biobased mass content and biobased
carbon content

Tabfe C.T and Table C.Z give calculation examples for rubber compounds containing biobas

rubper, biobased synthetic rubber, fossil-based synthetic rubber, biobased organic ingred

basgd organic ingredients, biobased inorganic ingredient and non-biobased inorganicingred

oil,

Table C.1 — Example of calculation of the biobased mass contents and biobased carba

of a rubber product (RSS and BR compouind)

ed natural
ent, fossil-
lient.

Tabje C.3 gives a calculation example for a polyurethane compound which consists of purified castor
polypropylene glycol and some compounding ingredients.

n content

Constituent (cnst.) Piorfnu- Mass content Carbon content
ation
Biobased Mass Biobased Carbon| | Biobased
carbon contentf, Carbon content,| | carbon
. Carbon mass con-
... | contentin Compo- | mass% content8, | carbon % | content,
N Classifi- content " tent, o
ame catione cnst., in cnst sition, | t@’total mass % mass % to total| | carbon
carbon % ; phr product to total carbon % to
mass % to total
to total (Wa to roduct product (Ma to total
carbon Wg) p Mg) carbon
RS§a A 100 88,2 60 37,4 37,4 33,0 38,1 38,1
Bufadiene C 0 88,8 40 24,9 0 22,1 25,5 0
rubber
Carfbon G 0 100 35 21,8 0 21,8 25,2 0
blagk
Naghthenic | 0 850 | 15,5 9,7 0 8,2 9,5 0
process oil
Zinf oxide G 0 0 5,0 3,1 0 0 0 0
Fatfy acidb D 100 75,6 2,0 1,3 1,3 0,9 1,1 1,1
TBBSc E 0 55,4 0,7 0,5 0 0,2 0,3 0
6PHDd E 0 80,5 0,5 0,3 0 0,3 0,3 0
Sulfur G 0 0 1,8 1,1 0 0 0 0
Sum of all constituents 160,5 100 — 86,5 100 —
Totlalef biobased componentin constituents — — 38.7 — — 39,2

e  (lassification: see Annex D.

¢ TBBS: N-tert-butylbenzothiazole-2-sulfenamide.

d  6PPD: N-1,3-dimethylbutyl-N"-phenyl-p-phenylenediamine.

a  RSSisassumed to be a 100 % polymer of C5Hg, though it has several non-rubber constituent in actuality.

For the purpose of calculation, take the biobased content of RSS as 100 % even if an accelerator mass spectrometry (AMS)
result usually shows around 97 % to 98 % value. This simplification does not affect the final result of calculation.

b Fatty acid: Mixture of biobased stearic acid and palmitic acid (60/40 mass %) and the biobased carbon content here is
the theoretical value.

f Mass content is the quotient value of each constituent’s mass divided by the sum of all the constituents’ mass.

g Carbon content is the quotient value of each constituent’s carbon content divided by the sum of all the constituents’
carbon content.
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