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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.
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Introduction

The LR-NMR method in this document is a relative method established with ISO 9113 as the absolute
method. The method and concept of isotactic index of polypropylene are specified in ISO 9113, that is,
the polypropylene sample is separated into the extractable and the unextractable matter by n-heptane
extraction, and the percentage of unextractable matter in the sample is calculated as isotactic index.

Isotactic index in ISO 9113 sounds similar to tacticity (isotacticity or stereotacticity) of polymer chain,
but the concept and result are different. The result is related to but not equal to the tacticity (isotacticity
or stereotacticity) of molecular chain, which can be determined by high resolution carbon-13 nuclear

retie—re infrared—metho g is—also—related—te—erystallization,

ecular weight, chain entanglement of the sample, solvent solubility and other effects,

qolid polymers, extraction always takes a long time for the diffusion of long moleculay chain from
polymer to solvent. To improve test efficiency, relative methods are developed. ThiS’"document provides
a relptive non-destructive method for the determination of isotactic index b¥ low-resolufion nuclear
etic resonance spectrometry through a calibration curve establishing)with magnetikc signal and
isotactic index determined by ISO 9113. No solvent is used, and the deterniination efficiencylis improved
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Plastics — Polypropylene (PP) — Determination of
isotactic index by low-resolution nuclear magnetic
resonance spectrometry

1 Scope

This|document specifies a relative method for the determination of polypropylene (PP) isqtactic index
by low-resolution pulsed nuclear magnetic resonance spectroscopy (LR-NMR).

This|method enables the identification and coding of types H propylene (PP-H) (plastics according to
ISO 19069-1.

Thismethod is suitable for base polymers and is not applicable for mixtures.

NOTH The direct method for the determination of polypropylene isotactic-ihdex is specified in [SO 9113.

2 Normative references

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

ISO 9113, Plastics — Polypropylene (PP) and propylene-copolymer thermoplastics — Determination of
isotartic index

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

[SO dnd IEC maintain terminological databases for use in standardization at the following gddresses:

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

— IEC Electropediat-available at http://www.electropedia.org/

31
isotgctic indéx
I
percentage mass fraction of unextractable matter content in polypropylene, which cannot e extracted
from| pelypropylene by boiling n-heptane

4 Principle

The sample is placed in LR-NMR. After electromagnetic equilibration in the static magnetic field of
the NMR spectrometer and application of a 90° radio frequency pulse, the magnetization decay signal
curve from the protons of the sample is recorded. The signal of the un-extractable matter in the sample
drops much faster than that of extractable matter. In the signal curve, initial signal corresponds to
the whole sample including the un-extractable and the extractable matter, and later slower dropping
signal corresponds to the extractable matter in the sample. So, the magnetization decay signal and the
isotactic index of the sample are related.

The isotactic index is either calculated from the ratio between the magnetization decay signal of the
un-extractable part and the entire sample detected by a ratio probe (method A ratio method), or from

© IS0 2021 - All rights reserved 1
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the ratio between the magnetization decay signal of the extractable part and the mass of the sample-
detected by an absolute probe (method B absolute method), using an appropriate calibration. The
calibration curve is constructed using the magnetization decay signal and isotactic index determined
by n-Heptane extraction method specified in ISO 9113.

5 Appar

atus

Usual laboratory apparatus and glassware and, in particular, the following.

5.1 LR-NMR, of frequency 18 MHz to 25 MHz, typical of 20 MHz and 23 MHz; a probe of 10 mm

diameter f04n]‘ method A, or a probe of Z6 mm diameter for method B; temperature of probe and magnet
field being 40 °C + 0,1 °C.

NOTE Tlhe probe of other diameter can also be used according to instrument parameters.

5.2 Sample tube, of glass with outer diameter 10 mm * 0,25 mm, wall thickness-0,9 mm * 0,25{mm,
and length at least 150 mm, for method A; of glass with outer diameter 26 mm # 0,25 'tmm, wall thickness
1,3 mm * 0,25 mm, and length at least 200 mm, for method B.

NOTE Tlhe sample tube of other size can also be used according to probe parameters.

5.3 Oven,|shall be capable of being maintained at the temperature of 140 °C + 2 °C, provided|with
vacuum linef of 25 kPa or less.

5.4 Thermostatic apparatus, shall be capable of being majntained at the temperature of 40 °C + 01 °C.
5.5 Balance, shall be accurate to the nearest 0,000 1 g,%6nly for method B.

6 Preparation of sample

6.1 General

The test sample and the reference sample can be in the form of powder or pellets. Place at least 1 g of
the sample in a glass container, and put it in the oven (5.3) for 2 h at 140 °C £ 2 °C under 25 kPa nitrjogen
vacuum or less for complete dnging and annealing, then cool in a desiccator to room temperature.

6.2 Reference samples

At least five reference'samples with different isotactic index shall be used. The isotactic indgx of
reference sgmplesshall cover the general range, and its distribution shall be homogeneous as far as
possible.

NOTE The1sotactic Index of Telerence samples can be 94 % to 99 %. T he reterence samples can be collected

by the user or offered by spectrometer manufacturer.

7 Method A — Ratio method

7.1 Procedure

7.1.1 Measurement of reference samples by n-heptane extraction

The isotactic index of reference samples shall be measured by extraction method specified in ISO 9113.

© ISO 2021 - All rights reserved
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LR-NMR measurement procedure of reference samples

7.1.2.1 Put the reference sample into a sample tube (5.2), with a depth of between 30 mm and 50 mm.

NOTE

probe height.

The sample amount can be specified by the spectrometer manufacturer which matches to the

7.1.2.2 Put the tube in thermostatic apparatus (5.4) for a minimum of 30 min to achieve temperature

equil

7.1.2:

equi

NOTH

within 15 s.

7.1.2
is7 |

NOTH

7.1.3

Shall
thet

7.2

7.2.%

Prep
exan|

The ]

' istheisotactic index of the reference sample determined by n-heptane extraction

ibration.

ibration.

Experience shows that it is easy to transfer a tube from thermostatic apparatus to L

s to 9 us, and that of extractable matter is 50 ps to 90 ps.

For exact magnetization decay signal time, refer to the spectronieter manufacturer’s ins

LR-NMR measurement procedure of test samples

be the same as that of reference samples (see 7.1.2) except that the reference sample is
pst sample.

Calculation

Calibration curve

iple of a calibration curve for method A is shown in Annex A.

Nl,a _,Néa +b
Nla

I’ =ax

[S0'9113, expressed in percent (%);

Formula (1) is obtained by linear regression method according to the calibration curve,

re-femperature

R-NMR probe

.4 Measure the magnetization decay signal. The typical signal range corresponding t¢ the sample

tructions.

replaced by

are calibration curve by plotting Jf-6btained from extraction method against LR-NMR signal. An

€]

specified in

V%% isthe average magnetization decay signal of the reference sample measured by n

hethod A;

N',, is the average magnetization decay signal of the extractable matter in the reference sample
measured by method A;

a is the slope of the calibration curve;

b is the intercept of the calibration curve.
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7.2.2 Calculation of isotactic index I/ ,

Isotactic index Il , is given by the Formula (2).

(2)

N, . —N
Il =ax—2—22 4
la
where
1, 1isthe isotactic index of the test sample determined by method A, expressed in percent (%);
N, is[the average magnetization decay signal of the test sample;
N,, is|the average magnetization decay signal of the extractable matter in the test sapiple;
a is|the slope of the calibration curve;
b is|the intercept of the calibration curve.
8 Method B — Absolute method
8.1 Procedure
8.1.1 Medsurement of reference samples by n-heptane extraction
See 7.1.1.
8.1.2 LR-NMR measurement procedure of reference samples
8.1.2.1 Weigh approximately 5 g of the reference sample, to the nearest 1 mg, put them into a sa

tube (5.2) wjithin the height of LR-NMR probe:

mple

NOTE The sample amount can be specified by the spectrometer manufacturer which matches tp the
probe height

8.1.2.2 Sep7.1.2.2.

8.1.2.3 Sep7.1.2.3.

8.1.2.4 Mgeasure the magnetization decay signal. The typical signal range corresponding to extradtable

matter is 10

NOTE Fq

0 pus to 120 ps

rlexact magnetization decay signal time, refer to spectrometer manufacturer's instructions.

8.1.3 LR-NMR measurement procedure of test samples

Shall be the same as that of reference samples (see 8.1.2) except that the reference sample is replaced

by the test s

ample.

8.2 Calculation

8.2.1 Calibration curve

Prepare calibration curve by plotting II' obtained from extraction method against LR-NMR signal. An
example of a calibration curve for method B is shown in Annex B.

© ISO 2021 - All rights reserved
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The Formula (3) is obtained by linear regression method according to the calibration curve.
Nl
II'=ax—22+p 3)
m
where

II'  istheisotactic index of the reference sample determined by n-heptane extraction specified in
ISO 9113, expressed in percent (%);

N',,, is the average magnetization decay signal of the extractable matter in the reference sample
measured by method B;

m is the mass of the reference sample, expressed in grams (g);
a is the slope of the calibration curve;

1 is the intercept of the calibration curve.

8.2.2 Calculation of isotactic index /I,

Isotqctic index II ;, is given by the Formula (4):
N
2b
Ilnb =a><7+b (4)

wherte

I, istheisotactic index of the test sample-determined by method B, expressed in percent (%);

IN,, is the average magnetization decay signal of the extractable matter in the test sample meas-
ured by method B;

m is the mass of the test sample, expressed in grams (g);
a is the slope of the calibration curve;

1 is the intercept'af'the calibration curve.

9 Expressiomofresults

Expriess the result as the arithmetic mean of the two determinations. Report the result to pne decimal
placg. The-absolute difference between two determinations shall be within 0,2 %. If this|condition is
not flhlfilled, repeat the test.

10 Test report

The test report shall include the following particulars:

a) areference to this document.i.e. ISO 24076:2021;

b) the method used (method A or method B);

c) allinformation necessary for the complete identification of the test sample;
d) details of the LR-NMR used;

e) results of calibration: number and isotactic index of reference samples, magnetization decay signals
used for calculation, calibration curve and coefficients;

© IS0 2021 - All rights reserved 5
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f)

g)
h)

the individual results, their mean value and the absolute difference between two determinations,
for more than two individual values the results obtained;

any operation not specified in this document or regarded as an option;

the date of the determination.
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