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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an

International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. 1ISO shall not be held responsible for identifying any or all such patent rights.

ISO 28343 was prepared by Technical Committee ISO/TC 45, Rubber and rubber products, Subcommittee
SC 3, Raw materials (including latex) for use in the rubber industry.
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INTERNATIONAL STANDARD ISO 28343:2010(E)

Rubber compounding ingredients — Process oils —
Determination of glass transition temperature by DSC

WARNING — Persons using this International Standard should be familiar with normal laboratory
practice. This standard does not purport to address all of the safety problems, if any, associated with
its use. It is the responsibility of the user to establish appropriate safety and health practices and to
ensure compliance with any national regulatory conditions.

1 Scope

This International Standard specifies a method for the determination, by differential scanning calorimetry
(DSC), of the glass transition temperature, Ty, of process oils used in rubber compounding.

NOTE The same oils are used as extender oils for synthetic rubbers.

2 Normative references

The following referenced documents zare (indispensabletfor. the Japplication of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 1382, Rubber — Vocabulary
ISO 3170, Petroleum liquids — Manual sampling
ISO 11357-1:2009, Plastics — Differential scanning calorimetry (DSC) — Part 1: General principles

3 Terms and definitions

For the purposes of this document, the terms and definitions given in 1ISO 1382 and ISO 11357-1 and the
following apply.

31

Ty

glass transition temperature
approximate midpoint of the temperature range over which the glass transition takes place

NOTE For the purposes of this International Standard, the glass transition temperature is defined as the point of
inflection of the DSC curve. The point of inflection corresponds to the calculated maximum of the first-derivative curve.
4 Reagents and materials

41 Dry helium gas, purity >99,999 % or in accordance with the differential scanning calorimeter
manufacturer's instructions.

4.2 If helium is not available, use dry nitrogen gas (purity >99,999 % or in accordance with the differential
scanning calorimeter manufacturer's instructions).

© 1SO 2010 — All rights reserved 1
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5 Apparatus

5.1 Differential scanning calorimeter, equipped with a liquid-nitrogen cooling system so that a
temperature of around —150 °C can be attained.

Two types of instrument can be used:

— a “heat-flow” analyser'), in which the temperature of the test sample is increased or decreased and the
variation in the flow of heat emitted or received by the sample is monitored;

— a “power-compensation” analyser2), in which the temperature of the test sample is increased or
decreased and the energy necessary to keep the sample at the programmed temperature is monitored.

5.2 Sample pans and lids, made of aluminium, with a volume of about 40 pl, suitable for use with the
analyser.

5.3 Suitable press, to seal the pans.

5.4 Analytical balance, accurate to 0,1 mg.

6 Storage and laboratory conditions
Store the oil sample in a suitable ventilated laboratory cupboard.
Prepare the sample pan under an extraction hood.

The DSC instrument should be operated in a laboratory kept at standard conditions as specified in the
instrument manufacturer's manual.

7 Calibration

Temperature calibration shall be carried out in the desired temperature range in accordance with the
equipment manufacturer's instructions or in accordance with ISO 11357-1:2009, Clause 8.

The heating rate, the type of purge gas and the purge gas flow rate need to be the same for calibration as for
the measurement of a test sample.

8 Sampling

Carry out sampling in accordance with ISO 3170.

1) Examples of suitable heat-flow analysers are the Mettler Toledo DSC 821 and DSC 822, the TA Instruments
DSC 2920 and the Netzsch DSC 204. This information is given for the convenience of users of this International Standard
and does not constitute an endorsement by ISO of these instruments.

2) An example of a suitable power-compensation analyser is the PerkinElmer Pyris®. This information is given for the
convenience of users of this International Standard and does not constitute an endorsement by ISO of this instrument.

2 © 1SO 2010 — All rights reserved
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9 Procedure

9.1 Principle
The glass transition temperature of the process oil is measured by differential scanning calorimetry. During the

glass transition, the specific heat changes. The differential scanning calorimeter is able to detect accurately
this change in specific heat, thus allowing the temperature at which the change occurs, Ty to be determined.

9.2 Experimental conditions

9.2.1 Preparation of the pans

The mass of sample used, the type of pan and the lid-crimping operation are very important parameters. For
each instrument, the manufacturer's instructions shall be strictly followed.

Use a test sample mass between 5 mg and 15 mg.

9.2.2 Measurements
Adjust the helium (or nitrogen) gas flow in accordance with the instrument manufacturer's recommendation.
NOTE Typically, a value between 20 ml/min and 50 ml/min is used for either gas.

When results obtained bydifferent partiesfare going tojbe compared,/it'is;recommended that the same type of
purge gas be used.

Place the test sample in the instrument at room temperature.
Raise the temperature to 60 °C at a rate of 30-°C/min*to'remove any thermal history of the sample.
Cool to —140 °C at a rate of 10 °C/min-and’'maintain’the’ sample at this temperature for 5 min.

Record the thermogram from —140 °C to 60 °C at a heating rate of 20 °C/min.

9.2.3 Evaluation

The recorded curve is evaluated using equipment-specific software, defining the appropriate limits
corresponding to the transition range.

The glass transition temperature, 7, is determined from the point of inflection of the recorded curve, which
corresponds to the maximum in the first-derivative curve (see Example 1 in Annex A).

In cases when the glass transition is followed by a crystallization peak, Ty is also determined from the point of
inflection (see Example 2 in Annex A).

By agreement between the interested parties, the so-called midpoint method may be used to determine 7. In

this case, T, is measured at the point of intersection of the curve with the straight line equidistant from the two
straight lines obtained by extrapolating the baselines before and after the transition.

10 Expression of results

Report the temperature corresponding to the point of inflection as the glass transition temperature, Tg,
expressed in degrees Celsius.

© 1SO 2010 — All rights reserved 3
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11 Test report

The test report shall include the following information:

a)
b)
c)

d)

e)
f)

)]

h)

a reference to this International Standard;
all details necessary for the identification of the oil sample(s) tested;
the mass of the test sample;

the DSC instrument used [name of instrument and type of analyser (“heat flow” or “power
compensation”)];

the purge gas used (helium or nitrogen) and the gas flow rate, in millilitres per minute;
the value of T, in degrees Celsius, together with a copy of the recorded DSC curve;

details of any operation not included in this International Standard, as well as any observations which
could have a bearing on the result;

the date of the test.
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Annex A
(informative)

Determination of 7 from the point of inflection

EXAMPLE 1 No crystallization after the glass transition

Key

—_

first-derivative curve
recorded curve
glass transition temperature (inflection point at —-43,41 °C)

w N

a  Exothermic.

Figure A.1 — Oil showing no crystallization after the glass transition
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