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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 proceglures 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

Increased use of biomass resources for manufacturing plastic products is effective in reducing global
warming and the depletion of fossil resources.

Current plastic products are composed of biobased synthetic polymers, fossil-based synthetic polymers,
natural polymers, and additives that can include biobased materials.

“Biobased plastics” refer to plastics that contain materials, wholly or partly of biogenic origin.

- o 4 ” 4 : -
In the ISO 16620 cariag thao “‘bacbhacad conmtant” "l bhocad nloctionc wafarc o tbhn oo S e blobased

TCTOUTOO0Z U SCTTIC S, Tt OTO DO ST O COTITCTIC, OT OO 0O SC U PTaSTICS T CTICT S tO T oo u It o of

carbon content, the amount of the biobased synthetic polymer content, or the amount of-thle biobased
mags content only.
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Plastics — Biobased content —

Part 2:
Determination of biobased carbon content

WARNING — The use of this document might involve hazardous materials, operations, and

equ
ass
app
1

Thi

mofomers, polymers, and plastic materials and products, based on the-€ content measure
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3.1
For

ISO

ipment. This document does not purport to address all of the safety concer
pciated with its use. It is the responsibility of the user of this document\to
ropriate safety and health practices and determine any restrictions prior tolise.

Scope

5 document specifies a calculation method for the determination of the biobased carbon

5 document is applicable to plastic products and plastic materials (e.g. plasticisers or
'mer resins, monomers, or additives, which are made from biebased or fossil-based cons

wing the biobased content of plastic products is useful when evaluating their environmer

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 thelbeferenced document (including any amendmen

16620-1, Plastics — Biobased content— Part 1: General principles

Terms, definitions, symbols and abbreviated terms

Terms and definitions
the purposes of this document, the terms and definitions given in ISO 16620-1 and the follo
and IEC maintain terminological databases for use in standardization at the following ad

[SO Onlihe browsing platform: available at https://www.iso.org/obp/

[EC\Electropedia: available at http://www.electropedia.org/

hs, if any,
establish

content in
ment.

modifiers),
[ituents.

tal impact.

Pir content
pplies. For
[s) applies.

wing apply.

dresses:

3.1.
per

1
cent 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, NIST
SRM 4990b or NIST SRM 4990c or Sucrose (NIST SRM 8542)1)

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

1) NIST SRM 4990b or NIST SRM 4990c or Sucrose (NIST SRM 8542) is the trade name of a 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 can be used if
they can be shown to lead to the same results.
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3.1.2
radiocarbon
radioactive isotope of the element carbon, 14C, having 8 neutrons, 6 protons, and 6 electrons

Note 1 to entry: Of the total carbon on Earth, 1 x 10710 % is 14C. It decays exponentially with a half-life of
5730 years and, as such, it is not measurable in fossil materials derived from petroleum, coal, natural gas, or any
other source older than about 50 000 years.

[SOURCE: ISO 13833:2013, 3.7]

3.2 Symbols
14C rarbon isotope with an atomic mass of 14
m mass of a sample expressed in grams

pMC(s) measured value, expressed in pMC, according to AMS method, of the sample

REF Feference value, expressed in pMC, of 100 % biobased carbon depending on the origin of
brganic carbon

xTC fotal carbon content, expressed as a percentage of the mass of the sample

xToC Fotal organic carbon content, expressed as a percentage of the mass of the sample

Xp biobased carbon content by mass, expressed as a pereentage of the mass of the sample
ng biobased carbon content by total carbon content;(éxpressed as a percentage of the total

rarbon content

XEOC biobased carbon content by total organic carbon content, expressed as a percentage of the
fotal organic carbon content

NOTE1 ‘|Biobased carbon content by mass,Xg"” used in this document corresponds to “biobased cajbon
content on thass” defined in 3.3.9 of ASTM D6866-18.

TC»

g corresponds to “biogenic carbon content”

NOTE 2  ‘[Biobased carbon content by total carbon content, x
defined in 3{3.8 of ASTM D6866-18.

NOTE3  ‘[Biobased carbon contént by total organic carbon content, Xgoc ” corresponds to “biobased caibon
content” defined in 3.3.7 of ASTM D6866-18.

3.3 Abbreviatedtérms

AMS hccélerator mass spectroscopy

BI peta-ionization

Bq Bequerel (disintegrations per second)

cpm counts per minute

dpm disintegrations per minute

GM Geiger-Miiller

LLD lower limit of detection

LSC liquid scintillation-counter or liquid scintillation-counting

2 © IS0 2019 - All rights reserved
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MOP 3-methoxy 1-propyl amine

pMC percentage of modern carbon

TC

total carbon

TOC total organic carbon

4

Principle

The
alm|
be

onsidered as a tracer of chemicals recently synthesized from atmospheric CO, and-par

1*C present in chemicals originates from recent atmospheric CO,. Due to its radioactive| decay, it is
ost absent from fossil products older than 20 000 years to 30 000 years. Thus, the 14C\cofjtent might

ticularly of

recently produced bio-products.
The determination of the biomass content is based on the measurement of 14C in polymers which allows
the|calculation of the biobased carbon fraction.
A lprge experience in 14C determination and reference samples.are available from| dating of
archaeological objects, on which the three methods described in this'decument are based:
— |Method A: Liquid scintillation-counter method (LSC);
— |Method B: Beta-ionization (BI);
— [Method C: Accelerator mass spectrometry (AMS).
NOTE1 The advantages and disadvantages of these test methods are given in Table 1.
Table 1 — Advantages and disadvantages of the methods
Duration Relative standard | Instrjumental
Method Additional requests needed for deviati
eviation dosts
measurement
Method A (LSC) Normal laboratory 4hto12h 2%to5% Low
Method B (BI) — Low packground 8hto24h 0,2%to5% Low
labonatory
—(~Gas purification device
Method C (AMS) =" Large installation 10 minto 30 min  |0,2%to 2 % High
— Graphite  conversion
device

For
the

the ¥4€ LSC measurement, a low level counter should be used. The statistical sc
radieactive decay sets a limit, both for Method A and B. Thereby, both methods need

car

httering of
a purified

bai diavida otharwica aowvidac of nitroagan fram tha comhuction 10 tha calarific honmh
15 1

will result

JOTtrroXxrerc;—oTrrervy T O T S O Tt T O S T Ot I e O o S o T O e et o oIS

in counting losses by quenching and adulteration of the cocktail in case of LSC measurement. When
using Method A (LSC), samples with low bio-based carbon content (<10 %) can only be measured with
sufficient precision using the benzene conversion procedure or, if applicable, direct LSC measurement,
as described in Annex A.

NOTE 2 At this moment compact new AMS equipment has become available. In a number of cases,
conversion is required anymore. CO, gas can be measured directly by these AMS.

5

Sampling

no graphite

If there is a standard sampling procedure for the material or product to be evaluated that is widely
accepted by the different parties, such a procedure can be used and the details of sampling recorded.

©IS
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For any sampling procedure, the samples shall be representative of the material or product and the
quantity or mass of sample shall be accurately established.

6 Determination of the 14C content

6.1 General

A general sample preparation and three test methods for the determination of the 14C content are
described in this document. With this modular approach, it will be possible for normally equipped

laboratorigstopreparesamplesfor the L'C contontand deternvne the 0 contant with swiequipmont
or to outspurce the determination of the 14C content to laboratories that are specialized,in)fhis
technique.

For the collection from the sample of the 14C content, generally accepted methods for the ¢c¢nversiopn of
the carbon|present in the sample to CO, are described.

For the mdasurement of the 14C content, methods are selected that are already gefierally acceptel as
methods fdr the determination of the age of objects.

6.2 Principle

The amourj

Complete (
subsequen
present in
according 1

Liquid
abund

specified in Annex B;

Accele
of 14C,

This meas
determina
type detec

6.3 Prog
sample fg

The convel
14C conten

t of biobased carbon in the biobased polymer is proportiofial'to this 14C content.

ombustion (see Annex A) is carried out in a way to €emply with the requirements of]
I measurement of the 14C content and shall provide‘the quantitative recovery of all car
the sample as CO, in order to yield valid results"This measurement shall be carried
o one of the two following methods:

ince of 14C through its emission of beta=particles (interaction with scintillation molecu

Fator mass spectrometry (AMS)((Method C): direct determination of the isotope abunda
specified in Annex D.

irement can also be carried out according to Method B [Beta-ionization (BI)]: indi
ion of the isotope abunhdance of 14C, through its emission of beta-particle (Geiger-Mi
for), described in Annex C.

edure for thie conversion of the carbon present in the sample to a suitable
r 14C determination

sion of-the carbon present in the sample to a suitable sample for the determination of
shdlkbe carried out according to the Annex A.

the
bon
out

scintillation-counter method (LSC) (Method A): indirect determination of the isofjope

es),

nce

Fect
ller

the

6.4 Mea

surement techniques

The 1,C content of the sample shall be determined using one of the methods as described in Annex B,
Annex C, or Annex D.

When collected samples are sent to specialized laboratories, the samples shall be stored in a way
that no CO, from air can enter the absorption solution. A check on the in leak of CO, from air shall be
performed by preparing laboratory blank’s during the sampling stage.

For the determination of the 0 % biomass content, the combustion of a coal standard (e.g. BCR 181) can
be used.

For validation of the 100 % biomass content, the oxalic acid standard reference material NIST SRM 4990b
or SRM 4990c or Sucrose (NIST SRM 8542) may be used. Mixing reference material NIST 4990 with a

4 © IS0 2019 - All rights reserved
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known amount of fossil combustion aid improves its combustion behaviour, as oxalic acid is difficult to
combust due to its low calorific value. For routine checks, a wood standard reference material calibrated
against the oxalic acid is sufficient.

7 Determination of the total carbon content and total organic carbon content

The total carbon content and total organic carbon content shall be determined according to suitable
methods.

Test methods as described in ISO 609, ISO 8245, ISO 10694, ISO 15350, ISO 17247, ASTM D5291-16,

AST

8

8.1
The

b)

8.2

Bef
atn
san
det
atni
san{
In 3
atm

In A
be 1

M ETI01Y or EN 13157, can be used, as applicable.

Calculation of the biobased carbon content

General
calculation of the biobased carbon content includes the following steps:

the determination of the total carbon content of the sample, x*%“determined by one
methods specified in Clause 7, expressed as a percentage of the total mass or the det
of the total organic carbon content of the sample, xT0C, determined by one of the te{
specified in Clause 7, expressed as a percentage of the totalmass;

the calculation of the biobased carbon content by mass; xg, using the 14C content value, g
by calculation from one of the test methods spegified in Clause 6, and applying the
factors detailed in 8.2;

8.3.2) or a fraction of the total organic.carbon content, xgoc (see 8.3.3).

Correction factors

bre the above-ground hydrogen bomb testing (started around 1955 and terminated in
ospheric 14C level had bgen constant to within a few percent for the past millenniun
ple grown during this time has a well-defined “modern” activity and the fossil contributi
brmined in a straightforward way. However, 14C created during the weapons testing ing
ospheric 14C levelt@up to 200 pMC in 1962, with a decline to 102 pMC in 2015. The 14C 4

ddition, thedarge emission of fossil C during the last decades contributes to the decr
ospheric 46/12C ratio.

STM D6866-18 the 100 % bio-based C value of 100,5 pMC (for year 2018) is used. This
hebase of calculations. Other values are only acceptable if evidence can be given on the

of the test
prmination
t methods

etermined
correction

the calculation of the biobased carbon content as a fraction of the total carbon contenf, xgc (see

1962), the
n. Hence, a
bn could be
reased the
ctivity of a

ple grown singce-year 1962 is elevated according to the average 14C level over the growing interval.

base of the

value shall
pMC value

oft

nebiogenic part of the material.

The 100 % bio-based C value equates to decline of 0,5 pMC per year. Therefore, on January 15t of each
year, the values given in Table 2 are used through 2019, reflecting the 0,5 pMC decrease per year.

©IS

Table 2 — 100 % biobased carbon values versus year

Year 100 % biobased carbon value
REF (pMC, %)

2015 102,0

2016 101,5

2017 101,0

2018 100,5

02019 - All rights reserved
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NOTE

Table 2 (continued)

Year 100 % biobased carbon value
REF (pMC, %)

2019 100,0

2020 To be determined

These values are in accordance with ASTM D 6866-18.

From the 100,5 pMC value the correction factor of 0,995 (1/1,005) is derived. For the calculation of the
bio-based carbon content, a 14C content of 100/0,995 pMC or 13,56/0,995 dpm per gram C is considered

asa 100 %

The fractig
polymer as

8.3 Calc
8.3.1 Ca

8.3.1.1

Calculate t

Xg =]
13

where

14C

REF

actiyi

biobased carbon content for biomass that is grown in year 2016.

n of biomass content by mass shall be calculated using the biomass carbon in the 'bioba
for other organic carbon materials.
ulation method

culation of the biobased carbon content by mass, xg

14C content determined by Method A (LSC) or Method B (BI)

he biobased carbon content by mass, xg, expressed as a pereentage, using Formula (1):

14
activity

,56><ﬁ><m
100

x100

is the 14C activity, expressed in dpm, of the sample obtained by calculation when us
Method A or Method B (see Arihex B or Annex C);

is the reference value, expressed in pMC, of 100 % biobased carbon of the biomass
from which the sample-is constituted;

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

sed

€y

ing
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8.3.1.2 14C content determined by Method C (AMS)

Calculate the biobased carbon content by mass, x, expressed as a percentage, using Formula (2):

pMC(s)
v —yTC__ 100 _ ¢ PMC(s) @
B REF REF
100
whére
xTC is the total carbon content obtained by elemental analysis, expressed as'a percgntage, of
the total mass, of the sample;
pMC(s) isthe measured value, expressed in pMC, of the sample;
REF is the reference value, expressed in pMC, of 100 % biobased-carbon of the biomjass from

8.3]2 Calculation of the biobased carbon content, ch , as a’fraction of TC

which the sample is constituted.

TC

Calg¢ulate the biobased carbon content as a fraction of the*total carbon content, Xg~, expl essed as a

perfentage, using Formula (3):

whére

8.3/3 Calculation of the biobased carbon content, Xg -,asa fraction of TOC

X

Xp is the biobased carbon content by mass, expressed as a percentage;

xTC s the total carbon contént, expressed as a percentage, of the sample.

X
X3¢ =%x100 (3)

TOC

TOC

Cal¢ulate the biobased carbon content as a fraction of the total organic carbon content, x3~* | expressed

as g percentage, using' Formula (4):

wheére

X
TOC __/B
Xgo o= ~Toc x100 4)

Xp is the biobased carbon content by mass, expressed as a percentage;

xTOC js the total organic carbon content, expressed as a percentage, of the sample.

8.3.4 Examples

EXAMPLE 1

Calculation of biobased carbon content as a fraction of TC

Pure biobased polymer material

Sample made from PLA material: xTC = 50,0 %; x5 = 50 %

© IS0 2019 - All rights reserved 7
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tc 50,0

Xp

EXAMPLE 2

=——-x100=100%

)’

Calculation of biobased carbon content as a fraction of TOC

Mixed biobased polymer material

Sample made from PE material containing a mixture of fossil PE and PE produced from biogenic synthesis gas:

xToc =86,0%); x5 =24,0%

TOC _ ]
XB =

9 Testgeport

The test re
a) arefer
b) all infg

tested
c) identif
d) samplg
e) storag
f) testm
or Ann

g) testm

h) results
correc

i) metho
j) 4Cact
k) totalc
1) REF vz
m) total o

4,0
——x100=27,9%
86,0

port shall include at least the following information:

ence to this document, i.e. ISO 16620-2:2019;

including the origin of the biomass from which the materialior product is constituted;
ication of the laboratory performing the test;

preparation;

b conditions;

bthod used for the determination of the 14€\content (Method A, B, or C, see Annex B, Annd

rmation necessary for complete identification of the biobased‘polymer material or product

x C,

ex D);

bthods used for the determinationefthe TC content and TOC content (see Clause 7);

Lion, including a precision-statement;

d for the conversion of the carbon (see A.4);

ivity, expressed inndpm, of the sample or 14C value, expressed in pMC;
hrbon content, ¥7¢, expressed as a percentage, of the sample;

lue used;

rgani¢’carbon content, xTOC, expressed as a percentage, of the sample;

n) biobas

dcarbon oottt by oo o aznracca daoc o narcantagn ofrbho coanla
U LAl UUIT CUIILUIIU Ll] 1109, I\B’ LAI.II CooltLuUu do d l.lbl \'\411\—“5\" Ul LIIcC Jullll.ll\,’

of the test including the basis-on which they are expressed and application of the isotiope

0) biobased carbon content by total carbon content, xgc , expressed as a percentage, of the sample;

p) biobas

ed carbon content by total organic carbon content, xgoc , expressed as a percentage, of

the sample;

q) any additional information, including details of any deviations from the test methods and any

operat

ions not specified in this document which could have had an influence on the results;

r) date of receipt of laboratory sample and dates of the test (beginning and end).
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Annex A
(normative)

Procedure for the conversion of the carbon present in the sample

A.]I General

Thi
are

equjipped for 14C analysis.

For
con
ens

For

can

A.2

A2

The
the
metf

Inc

formed CO, is collected and prepared for the measurement.

Wh

a)
b)

to a suitable sample for 14C determination

not equipped for 14C analysis can prepare their samples for distribution tg~laboratori

version is performed by the combustion in oxygen. If necessary, a ‘combustion aid can
ire complete oxidation of carbon to CO,.

some liquid samples, no conversion to CO, is needed and adiréct measurement of the
be performed using LSC.

Preparation

.1 General

14C content of a biobased polymer is determined on CO, produced by the sample comb
conversion of the sample to CO, used forF the determination of the 14C content, the follo
hods are allowed:

combustion in a calorimetric bomb (A.3.1);

combustion in a tube furpage (A.3.2);
combustion in a laboratery scale combustion apparatus (A.3.2).

hse of combustionjitdepends on the method to be used for the determination of 14C contg

bn Method Gs used, the following are the three options:
directicollection of the formed CO, in a gas bag or a sealed quartz tube with Cu0;

dbsorption of CO, in a 4 mol/lI NaOH solution;

5 annex describes the steps to prepare samples for 14C determinations. The-aboratdries which

s that are

the determination of the 14C content, carbon present in the sample shall be converted fo CO,. The

be used to

4C content

ustion. For
wing three

nt how the

)

absorption in a solid absorber, developed for that purpose, usually NaOH or KOH fixed
carrier (e.g. Carbotrap ®2)).

on a silica

As Method C requires only a few milligrams of carbon containing matter, sample material containing

co,

amounts of a few milligrams can be used.

In case of Method B, a direct collection of CO, in a gas bag, lecture bottle, or NaOH solution is allowed as
well, provided the total amount of carbon present in the sample is atleast 2 g.

2)

Carbotrap is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of this product.
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In case of Method A, the following three options are possible after combustion:

a) direct adsorption of the formed CO, in a carbamate solution [a suitable CO, absorption solution
containing an amine, e.g. 1 mol/l 3-methoxypropylamine in ethanolamine, or Carbo-Sorb E®3)];

b) adsorption of the CO, in a 2 mol/l NaOH solution and transfer of CO, in NaOH to a carbamate
solution;

c) direct conversion of CO, to benzene.

In some cases, the total carbonate content in the sampling solution shall be determined. For the direct
Samplingi ';‘G;“;"G-G“ Fe—caroorracrc—€otcen Cat—oet G"‘““G vav'i“: "';‘
solution bdfore and after sampling. For sampling in NaOH or KOH solutions, the carbonate content|can
be determined by standard methods using e.g. titrimetry. Guidance for such determination caribe found
in, for example, ISO 9963 (all parts) and ASTM D513-16. Carbamate solution was directly measyred

by Method| A or B. CO, or graphite from CO, reproduced from carbamate solution was measured by
Method C.

A.2.2 Repgents and materials
A.2.2.1 (Carbamate solution.
A.2.2.2 Scintillation medium.

A.2.2.3 (lass bottles (standard glass sample bottles with plastic screw caps that are resistant to
4 mol/l NapH).

A.2.2.4 4mol/1 NaOH, absorption liquid.

For the preparation of a carbonate-free absorptiondiquid, preparation using freshly opened NaOH p¢llet
containers|is sufficient. Dissolve the NaOH pellets in a small amount of water (the heat produced during
the dissolytion process will enhance the disselution process). Small amounts of precipitation ar¢ an
indication pf the presence of Na,CO5. By decanting the clear phase, the almost carbonate-free solufion
is diluted to the desired volume. As the\dissolution of NaOH is an exothermic process, extra care shall
be taken ag boiling of the concentrated'solution during dilution can occur.

A.3 Combustion of the sample

A.3.1 Combustion ofthe sample in a calorimetric bomb

For the combustionof the sample in a calorimetric bomb, any suitable test method such as ISO 1716,
ISO 1928 of EN 15400 can be used.

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

For biobased polymers that are difficult to combust, use a combustion aid to obtain complete
combustion. Examples of combustion aids are polyethylene combustion bags, benzoic acid and glucose.
Take care not to exceed the maximum amount of organic material allowable for the oxygen bomb that
is used. Determine the amount of 14C present in the combustion aid and correct for the contribution of
the use of the combustion aid. (14C content and total carbon content).

The determination of the carbonate content in the solution collected after combustion can be used to
determine the yield of conversion. The carbonate content shall be equivalent to the amount of total
carbon present in the combusted sample (including combustion aid).

3) Carbo-Sorb E is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of this product.
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When Method A is used, the CO, shall be collected in a 4 mol/1 NaOH solution prior to the conversion to
benzene or collected in a cooled mixture of carbamate solution and a suitable scintillation liquid.

For the collection of CO, in 4 mol/l NaOH solution use a 250 ml washing bottle filled with 200 ml 4 mol/]
NaOH solution, apply a flow of 50 ml/min.

For the collection of CO, in a carbamate solution the gas sample bag is connected to a pump with a
connection line into a 20 ml glass vial, filled with a mixture of 10 ml of the carbamate sorption liquid and
10 ml of the scintillation cocktail, placed in an ice bath, to remove the heat of the exothermic carbamate
formation reaction. The pumping speed is low, typically 50 ml-min=1 to 60 ml-min~1. The transfer of the
gas from the bag takes about 2 h to 3 h. After the sample has been collected, it is ready to be counted on

a liquid scintillation counter. Blank samples shall also be counted at the same time to allpw

day|

Mes:
wegd
wit
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For

Syr
reld
rels
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To ¢
a)

b)
c)
A.3

The
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suif]
solu
be ¢

-to-day variations in the background can be accounted for.

surements shall be done as soon as possible after collection. At the latest, it shalhbe’done
k after sampling. There are strong indications that the NOx formed during thé ‘combus
h the absorption mixture resulting in yet unexplained errors after a few days of storage
k limit cannot be realized, collection of the CO, in a 4 mol/l NaOH solutiémis a good alter

en Method B or Method C is used, the CO, shall be collected in a.4.mol/l NaOH solut
able scintillation solid absorber.

Method C, alternatively, approximately 2 ml of the CO, gas ¢anbe taken from the bag us
nge and the gas can be transferred to the AMS target preparations system. As the bom}
ased to atmospheric pressure, there will be a residual.amount left over in the bomb thaf
ted to the pressure in the bomb after the combustion,

E
sure.

With a residual pressure of 2,5 MPa, 4 % of thecombustion gas will be left after release to :

vercome this artefact:

perform the calibration and the analysis taking account of this residual amount by
pressure correction factor;

use the vacuum pump to remove the residue;

flush the bomb with argdn’and collect the CO, in the rinsing gases as well.

.2 Combustion ofthe sample in a tube furnace or a combustion apparatus

tube furnace erthe combustion apparatus shall be able to combust the biobased poly
plete conversion of the carbon present to CO,. For the determination of the 14C content by
CO, shall be-collected using a suitable impinger filled with a cooled mixture of carbal
able scintillation liquid, a scintillation medium already containing a CO, absorber, or a 4 1
tion (see A.2.2.4). For the determination of the 14C content by Method C or Method B, th
olected using a suitable impinger filled with a 4 mol/1 NaOH solution. As a result of the

that small

within one
tion reacts
. If the one
native.

on or on a

ing a glass
b volume is
is directly

itmospheric

using the

mer with a
Method A,
mate and a
nol/1 NaOH
e CO, shall
absorption

of t

he (‘()L a ]:n'gp volume reduction of the gas volume will be obhserved after frnpping The

refore, the

gas pump is to be positioned in front of the impinger and the gas pump used shall be gas tight.

As an alternative, the CO, can be trapped by means of a cryogenic trap. In that case, the cryogenic trap
shall consist of a water trap (dry ice in ethanol or acetone) followed by a cryogenic trap. Care shall be
taken to avoid formation of liquid oxygen, which can be achieved by heating the trap slightly above the
boiling point of oxygen, using liquid argon or performing the separation at diminished pressure. As
an alternative, when Method C is being used, CO, can be collected by mixing homogenized biobased
polymer with cupric oxide (CuO) in a sealed evacuated quartz or Vycor glass tube. Water vapour (up
to 3 Pa) can be added to the tube prior to introduction of the CO, to help remove sulfur compounds. The
tube is heated to 900 °C for 3 h to 5 h. The CO, is collected by breaking the tube using a tube-cracker
connected to an evacuated glass collection line.

© IS0 2019 - All rights reserved 11


https://standardsiso.com/api/?name=7e440c22ce2263fbf27daf7e7ecc2f1d

IS0 16620-2:2019(E)

A.3.3 Direct LSC measurement on the polymer

For liquid clear biobased polymers, direct measurement on the biobased polymer with the LSC
technique is possible. This option is only allowed if equivalence with the methods with conversion
to CO, can be demonstrated. This will, in general, be the case if no quenching is observed or if correction
for quenching is performed using standard addition technique using the same, 14C labelled, biobased
polymer with known 14C activity.

The dissolution method might not be appropriate to some biobased polymers, for instance when fillers

are present.

For direct LSC measurements, DIN 51637 is recommended.

A.4 Standardization measurement results

A.4.1 LS(C and BI methods

A liquid scintillation counter measures -decay counts of 14C (in counts per minute, cpm) indirectly by
measuring|the interaction signals of the {3 particles with scintillation molecules’ (emission of phofons
-light- proportional to the decay energy). For this measurement, sample CQ5 is either absorbed |n a
suitable aljsorbing solution to which also a scintillation reagent is added{"CO, -cocktail") or the |CO,
has been donverted to benzene and is then mixed with liquid (scintillation) reagents to a ‘benz¢ne-

cocktail’. The "benzene cocktail” method is more precise than the "€0»*cocktail” method.

The same [standardization as used for AMS and proportionaljgas counters shall be used for [LSC

measurement results. 14C

shall be calculated by using Eormula (A.1):

sampleC
13
(144 “ 1, Vs 1+ 70y
14 gs sample bg ] "Imeas 1+ 13§ I
14 _ 14 _ N _ sample
Coambiec (PMC)="*ay; -100= a0 -100= 10 100 (A1)
RN RN
where
14csmplec is the measured “4Cyalue (in pMC) of the investigated CO, sample;
1401% is the standaidized and normalized 14C amount of the measured sample;
1442 -100=pMC
14,41% is théqtormalized 14C signal (isotope concentration or activity) of the measured
sample;
14A2N is the standardized and normalized 14C amount of the primary reference standarl,
Oxalic acid (HOx-II, SRM 4990c¢);
14Asamp[e is the measured 14C signal (isotope concentration or activity) of the sample;
14Ab is the measured 14C signal (isotope concentration or activity) of the background
9 sample sample/blank sample, measured in the same batch as the sample and represents the
background 14C signal of the measured samples;
Nmeas is the measuring efficiency of the used measurement technique;
135N is the standardized value for isotope fractionation. 135N =-0,025 (relative to VPDB);
13 sample is the measured isotope fractionation value of the sample. It is obtained by measur-

12

ing the 13C/12C ratio of the sample, relative to the measured 13C/12C ratio of a refer-
ence standard with known isotope fractionation value related to VPDB.
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In the case that no primary or secondary reference standard has been measured, the measuring
efficiency is not cancelled out and shall be determined using an internal standard. It is also necessary in
that case to determine the activity of the sample in dpm/gC (disintegrations per minute) instead of

cpm/gC. 14A2N =13,56 £ 0,07 dpm/gC = 0,226 + 0,001 Bq/gC.

A.4.2 AMS method

The AMS system measures the carbon isotopes 12C, 13C and 14C of a carbon sample in the same sample
run. A batch of samples shall also contain reference material samples. The measured 4C amount (=14C
isotope concentration) in a sample is calculated relative to the measured (average) 14C amount of the

refgrenee—ma at-samp 3 bateh: 3 3 . ary reference
stapdard Oxalic Acid II (HOx-1I, SRM 4990c), which is commonly used for this purpose, the'standardized
14Clamount in the sample, C,p 1 (= 14a3,-100% = pMC), shall be calculated by usingFormula (A.2).
13
14 4 _14 4 )'77 |1+ 0y
sample bgsample meas 1413 § 1
14 _ sample
CsampIeC (pMC)= 5 -100 (A.2)
0.745 9.(14A _14 4 )'77 [ﬂ}
’ 0X?2 bg, meas 13
ox2 1+13 8,5
wheére
14Csamp1eC is the measured #C value (in pMC) of the‘investigated CO, sample;
14Asample is the measured 1*C signal (isotopexconcentration or activity) of the sample;
14Ab is the measured 1*C signal (isdtope concentration or activity) of the backiground
9 sample sample/blank sample, meastired in the same batch as the sample and regresents
the background 14C signal of the measured samples;
14A0X2 is the measured (avéerage) 14C signal (isotope concentration or activity) df Oxalic
acid reference standard samples (HOx-II, SRM 4990c), measured in the same batch
as the unknown samples;
14Ab is the measured (average) 14C signal (isotope concentration or activity) df back-
Jox2 ground samples, which represent the background signal of the measured Oxalic
Acid reference standard (HOx-1I, SRM 4990c), measured in the same batdh as the
Oxalic Acid samples;
Nmeas is the measuring efficiency of the used measurement technique;
133N is the standardized value for isotope fractionation,
where 136N =-0,025 (relative to VPDB);
L S the measured 1Sotope fractionation value of the sample. It 15 obtained Dy meas-
P uring the 13C/12C ratio of the sample, relative to the measured 13C/12C ratio of a
reference standard with known isotope fractionation value related to VPDB;
1350X2 is the standardized isotope fractionation value of the Oxalic Acid reference

standard; (HOx-II, SRM 4990c). 135,,, =-0,017 6 (relative to VPDB). Decay rate of

14C (in year). 14C has a half-life of 5 730 years.

© IS0 2019 - All rights reserved
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Annex B
(normative)

Method A — Determination by liquid scintillation-counter
method (LSC)

B.1 Genleral

This annex describes the method for the determination of the 14C content by LSC in carbonate*Solutjons
or carbamate solutions obtained from the combustion of biobased polymer samples in-a calorimdtric
bomb, a tube furnace, or a laboratory scale combustion device, as described in Annex-A.

B.2 Principle

LSC determines the isotope abundance of 14C indirectly through its emisSion of beta-particles dup to
the radioaftive decay of the 14C isotope. The beta-particles are obs€pved through their interaction
with scintfllation molecules. The CO, formed by the combustion offa biobased polymer is trappefl in
an alkaling or carbamate solution. The CO, present in the alkalin& solution is converted to benz¢ne;
the carbanjate solution can directly be measured. The formed bénzene or carbamate solution is mixed
with the ofganic solution containing the scintillation molecules and the 14C activity of this mixtute is
measured |n a liquid scintillation counter.

B.3 Reapgents and materials

B.3.1 Oxalic acid primary standard, e.g. SRM*4990c.

B.3.2 H(] solution, 5 mol/l.

B.3.3 Scintillation cocktail.

B.3.4 Carbamate solution.

B.3.5 14(labelled spike solutions for standard addition purposes.

B.3.6 Coal standard, e.g. BCR 181.

B.3.7

B.3.8 Reagent grade potassium chromate (in sulfuric or phosphoric acid).

B.3.9 Suitable catalyst (based on Cr,05 or V,05).

B.4 Apparatus

The low natural levels of radiocarbon-14 (14C) in the earth's atmosphere (about 10712 % volume
fraction) require extra precautions for accurate measurement of 14C. Care should be taken to eliminate
the influence of cosmic and environmental background radiation, other radioisotopes being present,
electronic noise and instability, and other factors. These background factors limit the accuracy,
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precision, and range of the radiocarbon dating method as finite ages can only be calculated where
sample activity is at least 3 standard deviations above background activity. Any liquid scintillation
counter used shall meet these specifications.

B.5 Procedure

B.5.1 General

The best LSC performance characteristics are obtained by applying conversion of the collected CO, to
be ' ' i ' e scintillati ' ' described
tion of the

[ 10N COCKLJ d O [ dNce
carbon content (>10 %), direct absory

which has been preheated to 700 °C. Li,C, is produced by slowly bleeding-the CO, onto
lithjum in a stainless steel vessel (or equivalent) while under a vacuum of % 135 mPa. The Li,
to aft least 640 °C and placed under vacuum for 15 min to 30 min to rentove any unreacted g
conpplete the Li,C, synthesis reaction. The Li,C, is cooled to room temperature and gently

fen lithium
the molten
[, is heated
hses and to
hydrolysed

with distilled or de-ionized water to generate acetylene gas (C,H;) by applying the water in 4 drop-wise

fashion to the cartridge.

Pas
coll
pot
renm

5ing it through dry ice traps dries the evolved acetylene, and the dried acetylene is subsequently
ected in liquid nitrogen traps. The acetylene is purified by passing it through a phosphgric acid or
hssium chromate (in sulphuric acid) trap to remeve trace impurities, and by using dry ice traps to
ove water. The C,H, gas is catalysed to benzene(C,H;) by bleeding the acetylene onto alchromium
catalyst which has been preheated to = 90 °C applying a water jacket cooler to avoid decpmposition
froII excessive heat generated during the exothermic reaction. As an alternative, a vanadium catalyst at
ambient temperature can be used. The benZene is thermally evolved from the catalyst at 70 9C to 110 °C
and then collected under vacuum at -78%€. The benzene is then frozen until it is counted. Rqdon can be
renfoved by pumping on the benzene-while it is at dry ice temperature. Mix the benzene and sfintillation

cocktail in constant volume and proeportion, if necessary benzene can be diluted with be
fosqil origin (99,999 % pure, thiophene-free).

If 19C isotope analysis is required, a representative subsample shall be taken extra for 13C an

B.5.3 Direct absorption of the CO, in a carbamate solution

An
solu
The
3-m

hbsorption flaskis loaded with a known volume of CO, absorbent, e.g. with a suitable CO,
tion containing an amine, e.g. One mol/l 3-methoxypropylamine in ethanolamine, or Car

absorhing’ capacity of a suitable CO, absorption solution containing an amine, e.g.
ethoxypropyl in ethanolamine, or Carbo-Sorb E of about 4,8:10~3 mol/ml shall be
accpunt; ho more than 80 % of this capacity shall be used. The flask shall be cooled in ice

zene from

alysis.

absorption
bo-Sorb E.-
one mol/l
taken into
during the

absprption process. After absorption of the CO,, the absorbent is transferred to the measur

ng vial. An

equal volume of the scintillation cocktail is added and the mixture is homogenized.

The CO, may also be absorbed in a scintillation cocktail already containing a CO, absorber, which shall

be measured in the LSC without further handling.

Then the vial containing the mixture is placed in the LSC and measured. Typical counting times are 6 h

to 24 h.

B.5.4 Measurement

The activity of a sample is compared with the activity of a reference material. The number of 14C

registrations (B counts of 14C decay) in radiometric detectors (LSC) is related to the
registrations of the reference sample under the same conditions.

© IS0 2019 - All rights reserved
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Standard addition techniques shall be used to check for the occurrence of chemical or optical quenching
for each sampling or sample type. For that purpose, 14C labelled components shall be used.

For clear liquids direct LSC counting can be applied, e.g. as described in DIN 51637; mix 10 ml. of sample
with 10 ml of a suitable scintillation cocktail and count after 12 h settling time. For each biobased
polymer a quench curve shall be established before measurements can be done.

B.5.5 Blank correction
Measurement shall be performed together with a measurement of the “blank” sample, which is a
scintillation vial filled with counting liquid that is counted for the same period of time as the actual
sample. ThE result obtained is the background level for the whole system (apparatus and reagent) given
in cpm or dpm.

The statistfical error of counting background and standard is a result of the decay counting (Pois§on)
process; hdnce the precision of the result depends on the number of counts observed, wleér'e the relafive
error is inyersely proportional to the square-root of the number of counts. The total-error is then|the
combinatign of the analytical errors and the errors of the standard and background(etermination,

B.6 Calqulation of the results

The background count rate of the counter is subtracted from the samplé/count rate to give the net cqunt
rate. The 1}C activity (dpm/gC) is obtained by normalizing the nef-¢count rate to the count rate of{the
reference dtandard (e.g. oxalic acid SRM 4990c).

Standardigation of the LSC results shall be done as describedin A.4.1.

16 © IS0 2019 - All rights reserved
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C.1—General

Thi

soly

C.Z Principle

Thg BI method determines the isotope abundance of 14C indirectly. This’method uses the

bet
by

IS0 16620-2:2019(E)

Annex C
(informative)

Method B — 14C determination by beta-ionization

5 annex describes the procedure for the determination of the 14C content by BI inchasig

h-particles by 14C due to the radioactive decay of the 14C isotope, like LSC. It detects bet
eans of discharging current pulses between high-voltage electrodes in a proportional g

carbonate

tions obtained from the combustion of biobased polymer samples in a calorimétvic bgmb, a tube
furmnace, or a laboratory scale combustion device, as described in Annex A.

bmission of
a-particles
as counter.

Thdse pulses are initiated by the beta-particles. The detection principle resembles the waly a Geiger-

Mugller (GM) counter works, the difference being details of the €lectron avalanche in the cou
thid method, the sample should be in the form of CO, or ¢onverted to CO,. The carbonate, 3

fro

HCI| The CO, is purified to be suitable as a countinggas in a gas proportional counter, e.g.
of electron-negative impurities, such as oxygen, SO, or water vapour, through activated ch
radpn. This step also removes radon. The purity>pf the gas is critical (e.g. O, levels need to b

bel

The sample is counted for several days.in a low-level counting system to reach the numbe

des

the combustion of a biobased polymer, is convertéd-to CO, by acidifying the NaOH so

w a few microlitres per litre).

red for statistical precision.

hter. To use
s obtained
ution with
by removal
arcoal and
e kept well

I of counts

The CO, is held under pressure in‘the central tube (typically at 0,2 MPa to 0,3 MPa) and a hjgh voltage

is imtroduced between the central wire and the counter wall. An ionizing event, such as a

pro

megsured as an electricalpulse. Any impurities in the gas will quench the multiplication o
leading to some decay@€vents being undetected.

C.3] Reagents-and materials

C3

C3

C.3

C3

C.3

C3

C3

©IS

duced by a 14C decay, creates an ionization trail and an avalanche of electrons. This aj

- particle
yalanche is
F electrons,

1 HCHsolution, 5 mol/L

[2-2’NaOH solution, 4 mol/l.

.3 Dryice.

4 Organic solvent, acetone or ethanol.

.5 Liquid nitrogen.
.6 Oxalic acid primary standard, e.g. SRM 4990c.

.7 Activated charcoal.

02019 - All rights reserved
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C.3.8 Coal standard, e.g. BCR 181.

C.4 Apparatus

C.4.1 System for the conversion of carbonate trapped in a 4 mol/l NaOH solution to CO,.

C.4.2 CO, purification system, e.g. using activated charcoal.

C4.3 Sys

tem to obtain a fixed amount of sample, e.g. by adjusting the CO, pressure in a fixed vol

1me

and known
C4.4 Sys

C.4.5 Loy

The instru
radiocarbo
radiocarbo
from the c

gas temperature.
tem to prepare standard and background samples.

v-level counting system using a gas proportional counter.

ments used for the Bl measurements are homemade high tech devices developed at sev
n institutes. No commercial systems are available at the time of writing this document.
n to be detectable, minimize background counts. Gas (in this tase, purified CO, der]}
bmbustion gases) is loaded and counted in a copper counting tube (ultra-pure copper)

the desiredl low background is obtained applying heavy shielding with old lead and anticoincidg

filtering of
obtain ext}
measurem

cosmic radiation. Usually, Bl devices are located below ground level in cellars in orde
a protection against cosmic radiation. Typical counting times are several days for low-1
ents.

bral
For
ved
and
nce
r to
pvel

C.5 Progedure

C.5.1 Trgnsfer the carbonate solution to extraction bottle.

C.5.2 Attpach the HCl solution dosing device:

C.5.3 Evqcuate the bottle and dosingsdevice (degassing, removal of dissolved N, and O, from air).
C.5.4 Add HCl solution to the garbonate solution.

C.5.5 Remove water vapoup using a trap filled with acetone and dry ice.

C.5.6 Collect the foriied CO, in a stainless steel trap that is submersed in liquid nitrogen.

C.5.7 Purifythe CO,, e.g. using activated carbon at 0° C.

C.5.8 Take a small sample for 13C determination at this stage (optional).

C.5.9 Calculate the CO, volume by measuring the temperature and pressure and the known volume of
the trapping system.

C.5.10 Transfer the CO, to the proportional counter (amounts up to 4 g of CO,).

C.5.11 Count for several days until precision, as desired, is obtained.

C.5.12 Cal

18

culate the modern carbon value using the sample count rate and the blank count rate.
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C.5.13 The statistical error of counting the sample, background, and standard is a result of the decay
counting, following the statistical Poisson distribution. Hence, the precision of the result depends on the
number of counts observed, where the relative error is inversely proportional to the square-root of the
number of counts.

C.5.14 The total error is then the combination of the analytical errors and the errors of the standard and
background determination. The latter errors usually are small compared to the sampling errors. With
counting times of a few days, a typical overall (absolute) precision of 0,3 % to 0,4 % can be obtained. The
estimated precision shall be reported in addition to the value declared.

C.5/15 When using activated charcoal for the purification of CO,, the active carbon cargri
be preheated for approximately 1 h in order to remove traces of radon (build-up of decay
Urapium traces present in the activated charcoal). For other cleaning techniques, a waiting tinpe of 2 days

iss

C.6

Fro
cou
refd

If c
det

Sta

fficient to avoid any radon contribution.

Calculation of the results

n the sample count rate, the count rate of the NaOH blank solutionsis'stubtracted resultin
nt rate. The 14C activity (pMC) is obtained by normalizing the net'eount rate to the count
rence standard (Oxalic acid SRM 4990c or materials that are traceable to this reference §

rrection for isotopic fractionation should be performed;then the 13C/12C isotopic ratiq
brmined as well.

ndardization of the Bl results shall be done as described in A.4.1.

dge should
product of

b in the net
rate of the
tandard).

should be
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