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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
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Rubber, raw natural — Determination of average molecular
mass and molecular-mass distribution by size exclusion
chromatography (SEC)

WARNING — Persons using this Internafional Standard should be familiar with normdl laboratory

prac
its l.:r
re compliance with any national regulatory limitations prior to use.
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ice. This standard does not purport to address all of the safety problems, if any,cass
e. It is the responsibility of the user to establish appropriate safety and health. prac

Bcope

nternational Standard specifies a method of determining the average molecular mass and t
ation purposes (i.e. the method is a relative one).

[

ternative method, using cyclohexane as solvent and polyisopfene standards, is included in g
X.

Principle

natural rubber is dissolved in tetrahydrofuran at room temperature. The solution is filtere
slightly crosslinked rubber) and other inseluble materials. The filtrate is used to determine f
by size exclusion chromatography.[}."From the chromatogram, the number-average mo
the mass-average molecular mass™(M,,) and a polydispersity value (M,,/M,)) are calculated.

’

Materials

The recommended,solvent is HPLC-grade tetrahydrofuran (THF). If analytical-grade THF id
tylated hydroxytoluene (BHT) shall be added to the solvent as an antioxidant. The BH
ed and acts as a marker for the end of the chromatogram. It also allows minor variations

rrected, as well-as indicating when a serious change in the column conditions has occurred.

I

A’set of polystyrene standards with proper traceability shall be used, typically covering

distribution of raw natural rubber dissolved in tetrahydrofuran. A setyof polystyrene standarm

The solvent is filtered through a polytetrafluoroethylene (PTFE) membrane (4.2) before use,.

pciated with
tices and to

e molecular-
s is used for

n informative

d to remove
he molecular
ecular mass

used, 0,5 %
T is strongly
n run time to

Bn M, range

6.5% 103 to 1,06 x 107. An example of a suitable set of polystyrene standards is given in Ta

ple 1.

Table 1 — Polystyrene standards

No. of standard M, My /M,
1 3,565 x 105 1,08
2 7,06 x 105 1,12
3 2,89 x 106 1,36
4 3,84 x 106 1,30
5 4,48 x 106 1,47
6 5,48 x 106 1,40
7 6,77 x 106 1,37
8 8,42 x 106 1,33
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4 Apparatus

4.1 Size exclusion chromatograph: Suitable high-performance liquid chromatography equipment
consisting of the components specified in 4.1.1 to 4.1.7.

4.1.1 Solvent reservoir, large enough to hold an adequate quantity of solvent (see 3.1). About 3| of
solvent is recommended for a complete analysis. Refilling can result in variations in dissolved air and the
inclusion of impurities. When fresh solvent is added, it takes a long time to obtain a stable baseline.

4.1.2 Automatic on-line degassing system, to prevent the formation of bubbles in the mobile phase and
to ensure a stabilized liquid feed flow.

4.1.3 Pump with temperature-control equipment, capable of delivering the solvent at a sufficientrate and
a suitable tethperature, for example 1,0 cm3/min at 35 °C.

41.4 Injegtor.

4.1.5 Coluymns: Columns for the SEC of natural rubber are usually packed with rigid spheres of crossljnked
polystyrene gel (prepared from styrene-divinylbenzene copolymer) having a range. of Jpore sizes. Molgcular
masses in the range 2 x 103 to > 1072 can be measured, depending on the partictlar set of columns lised.
Other columin packings can be used providing they are capable of separating the polymers of different
molecular mass in the range of interest and are not adversely affected by thesolvent used. The columng shall
be connectegl to the chromatograph in such a way that the sample is eluted‘through the column of grgatest
pore size first and the column of smallest pore size last.

4.1.6 Refractive index detector (or other type of detector), capable of giving an adequate resporjse to
natural rubbgr at the concentrations used.

4.1.7 Data-processing unit, capable of calculating thecrequired molecular masses and molecular{mass
distributions.

4.2 PTFE j[membrane filters, with a porosity of 0,45 um to 1 um. The actual porosity used will depeipd on
the columns peing used and the laboratory set-up.

4.3 Syringes, capacity 100 mm3 and 200:mm? (or larger).
4.4 Syringe, capacity 10 cm3.

4.5 VorteX shaker.

4.6 Auto-sampler, withyials (brown when available).

NOTE An auto-samipler with associated software may be used for sample introduction.

5 Procedure

5.1 Preparation of solvent

Filter the solvent through a PTFE filter (4.2) and degas under vacuum for 30 min. This shall be done 12 h prior
to the analysis.

5.2 Setting up the SEC chromatograph

Condition the chromatograph, fitted with a suitable set of columns, with the solvent flowing at 0,6 cm3/min until
a stable baseline is obtained. The columns are normally kept at a constant temperature at least 10 °C above
room temperature, i.e. between 30 °C and 45 °C. Sufficient degassed solvent for the complete set of analyses
shall be stored in the solvent reservoir under an inert gas.
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Setting up the data-processing unit

The data processor (4.1.7) converts the detector output into a digital signal, making measurements typically at
a rate of 1 Hz to 5 Hz. If it is necessary to reduce noise, the measurements can be combined to give time
slices with a width of 1 sto 2 s.

5.4

5.21

Preparation and injection of sample solution

Prepare a solution of the sample by placing 0,01 g or less of dried sample into a 20 cm3 screw-cap
vial (brown when available) containing 10 cm3 of the previously prepared solvent (see 5.1).

5.2.2
for 24

Take
using

5.2.3
auto-

Recq
contg

NOTEH
seriol

5.2.4

6

6.1

| h.
care not to expose the sample solution to light, e.g. by shielding the vial from light/dufing w
a brown vial.

sampler vial.

nt together with the porosity of the filter used.

Inject the sample solution and carry out the samplé run in the normal way.

Calibration

Stir the vial, using a vortex shaker (4.5), for 1 min at room temperature and then keep.warm at 37 °C

Arming, or by

Filter the solution through a PTFE membrane (4.2) and introduce the filtrate into a syringe (4.3) or an

rd the mass of the dried PTFE membrane (4.2) before and after filtration and report the pergentage “gel”

When the sample contains > 30 % “gel”, a significant fraction of the rubber is not being nleasured. This
sly affects the use of the molecular-mass distribution data for the,prediction of the behaviour of the rubjber.

Polystyrene standards (see 3.3) dissolved in the prepared solvent (see 5.2) at a concentration of 0,1 g/l

shall |oe used for calibration. The standards shall cover the entire molecular-mass range of the sample.
Prepare the standards by swelling them in solvent overnight without shaking. Shaking wil| reduce the
molegular mass and broaden the.peak width.

6.2 | Run three 100 mm?2injections of each standard and read the retention times of the pedks. Take the
average of the three retention times for each standard.

6.3 | Plot the avetage retention time against the molecular mass. A typical molecular-mass calipration curve
for a set of polystyrene standards is shown in Figure 1.

6.4 | Thetealibration curve is used by the instrument software to calculate the sample parameters to be
detemmined.

© 1SO 2004 — All rights reserved 3
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Figure 1 — Typical calibration curve-for a set of polystyrene standards
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Figure 2 — Example of an SEC chromatogram
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7 Expression of results

7.1 For each sample solution, the following parameters are obtained automatically from the instrument:
— mass-average molecular mass (M,,);

— number-average molecular mass (M,));

— z-average molecular mass (M,);

— polydispersity (M,,/M,,);

— ;|>eak molecular mass (Mp).
In adfition, a graphical representation of molecular-mass fraction vs. retention time is obtained.

7.2 | An example of a chromatogram is shown in Figure 2.

8 Precision

The precision of this method has not yet been determined.

9 Testreport

The test report shall include the following:

a) reference to this International Standard;

b) all details necessary to identify the sample analysed;

c) the date and place of the analysis;

d) & graphical representation of the molecular-mass distribution (see 7.1);
e) the values obtained for'the parameters M,,, M,, and M, /M,,;

f)  the percentage “géel’)content;

g) the porosity efthe filter used.
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