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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 1SO
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 1ISO, 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 306 was prepared by Technical Committee ISO/TC 61, Plastics, Subcommittee SC 2, Mechanical
properties.

This fourth edition cancels and replaces the third edition (ISO 306:1994), which has been technically revised to
address new equipment designs in which thespecimen is fiot heated,in.a;liquid bath but by direct contact with,
for instance, a hot metal block. The oven used as one of the possible items of heating equipment in
ISO 306:1994 is no longer included.
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INTERNATIONAL STANDARD ISO 306:2004(E)

Plastics — Thermoplastic materials — Determination of Vicat
softening temperature (VST)

1 Scope

1.1 This International Standard specifies four methods for the determination of the Vicat softening
temperature (VST) of thermoplastic materials:

— Method A50 using a force of 10 N and a heating rate of 50 °C/h
— Method B50 using a force of 50 N and a heating rate of 50 °C/h
— Method A120 using a force of 10 N and a heating rate of 120 °C/h
— Method B120 using a force of 50 N and a heating rate of 120 °C/h.

1.2 The methods specified are applicable only to thermoplastics, for which they give a measure of the
temperature at which the thermoplastics start to soften rapidly.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition citediapplies.. For.undated. references, thelatestedition of the referenced document
(including any amendments) applies.

ISO 291, Plastics — Standard atmospheres for conditioning and testing
ISO 293, Plastics — Compression moulding of test specimens of thermoplastic materials

ISO 294-1, Plastics — Injection moulding of test specimens of thermoplastic materials — Part 1: General
principles, and moulding of multipurpose and bar test specimens

ISO 294-2, Plastics — Injection moulding of test specimens of thermoplastic materials — Part 2: Small tensile
bars

ISO 294-3, Plastics — Injection moulding of test specimens of thermoplastic materials — Part 3: Small plates
ISO 2818, Plastics — Preparation of test specimens by machining

ISO 3167, Plastics — Multipurpose test specimens

3 Principle

The temperature at which a standard indenting tip with a flat point penetrates 1 mm into the surface of a plastic
test specimen is determined. The indenting tip exerts a specified force perpendicular to the test specimen, while
the specimen is heated at a specified and uniform rate.

The temperature, in degrees Celsius, of the specimen, measured as close as possible to the indented area at
1 mm penetration, is quoted as the VST.

© 1SO 2004 — All rights reserved 1
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4 Apparatus
The apparatus consists essentially of the following:

4.1 Rod, provided with a weight-carrying plate or other suitable load-applying device (see 4.4), held in a
rigid metal frame in a liquid-filled bath or direct-contact heating unit so that it can move freely in the
vertical direction. In either case, the base of the frame supports the test specimen under the indenting tip at the
end of the rod (see Figures 1 and 2).

Unless the rod has the same linear thermal expansion coefficient as the rigid metal frame, the differential
change in the length of these parts introduces an error in the indentation readings. A blank test shall therefore
be carried out on each rod and frame assembly, using a test specimen made of rigid material having a known,
low coefficient of expansion.l) The blank test shall cover the temperature range typical of the type of material to
be tested. A correction factor shall be determined for at least each 10 °C change in temperature, for each rod
and frame assembly. If the correction factor is 0,02 mm or greater near the VST for that material, its algebraic
sign shall be noted and the factor applied to each test result by adding it algebraically to the apparent
indentation reading. It is recommended that the apparatus be constructed of low thermal expansion material.

4.2 Indenting tip, preferably of hardened steel, 1,5 mm to 3 mm long, of circular cross-section, and of area
1,000 mm? 4= 0,015 mm? (corresponding to an indenting-tip diameter of 1,128 mm == 0,008 mm), fixed at the
bottom of the rod (4.1). The surface of the indenting tip in contact with the specimen shall be plane and
perpendicular to the axis of the rod, and free from burrs.

4.3 Calibrated micrometer dial gauge (or other suitable measuring instrument), to measure to + 0,01 mm
the penetration of the indenting tip into the test specimen. The thrust of the dial gauge, which contributes to the
thrust on the test specimen, shall berecorded (see\4.4).

NOTE 1 In certain types of apparatus, the force of:the dial)gauge:spring is directed upwards and is subtracted from the
load; in other types, this force acts downwards and is added to the load.

NOTE 2 Since the force exerted by the spring in certain dial’gauges varies considerably over the stroke, this force is
measured at the position where' the indentingtip-has penetrated|1-mmiinto theispécimen:

4.4 Weight-carrying plate, fitted to the rod (4.1), and suitable weights added centrally so that the total load
applied to the test specimen can be made up to 10 N 4= 0,2 N for methods A50 and A120 and 50 N = 1 N for
methods B50 and B120. The combined downward thrust, determined during calibration of the apparatus, due to
the rod, the indenting tip, the weight-carrying plate and the upward or downward force exerted by the dial gauge
spring in the measurement range used during the test, shall not exceed 1 N.

Other suitable devices for applying the load can be used provided the requirements specified above are met.

1) Invar and borosilicate glass have been found suitable for this purpose.
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Figure 1 — Example of apparatus with a liquid-filled heating bath for determination of the VST
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Figure 2 — Example of apparatus with a direct-contact heating unit for determination of the VST

4.5 Heating equipment, consisting of a heating bath (4.5.1) containing a liquid or of a direct-contact heating
unit (4.5.2). The heating equipment shall be provided with temperature-control means enabling the temperature
to be raised at a uniform rate of 50 °C/h =5 °C/h or 120 °C/h £ 10 °C/h

The heating rate shall be verified
— either by checking the automatically read temperature;

— or by checking manually the temperature change at intervals of, at the most, 6 min during the whole of the
test.

The requirement for the heating rate shall be considered satisfied if, over every 6 min interval during the test, the
temperature change is 5 °C & 0,5 °C or 12 °C = 1 °C, respectively. For multi-position baths, the heating rate
shall be verified at each test station.
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The apparatus may be designed to shut off the heat automatically and sound an alarm when the specified
indentation has been reached (see 7.5).

4.5.1 Heating bath, containing a liquid in which the test specimen can be immersed to a depth of at least
35 mm. An efficient stirrer shall be provided. It shall be established that the liquid chosen is stable at the
temperature used and does not affect the material under test, for example by swelling or cracking.

When a heating bath is used, the temperature of the liquid, measured close to the test specimen, shall be taken
as the VST.

NOTE Liquid paraffin, transformer oil, glycerol and silicone oil are suitable liquid heat-transfer media, but other liquids may
be used.

4.5.2 Direct-contact heating unit, containing heaters and blocks which, through conductive heating, raise the
temperature of the specimen at a controlled rate until the VST is reached.

4.6 Temperature-measuring instrument
4.6.1 For a heating bath

Use a mercury-in-glass thermometer of the partial-immersion type, or another suitable temperature-measuring
instrument, of appropriate range and accurate to within 0,5 °C. Mercury-in-glass thermometers shall be
calibrated at the depth of immersion required by 7.2. For mechanical and thermal reasons, the temperature-
measuring instrument shall not make direct contact with the specimen.

4.6.2 For adirect-contact‘heating“unit

Use a suitable temperature-measuring instrument of ‘appropriate range and accurate to within 0,5 °C. The
sensor shall be positioned as close as possible to both the indenting tip and the specimen, but avoiding direct
contact between the sensor and specimen.

5 Test specimens

5.1 Atleasttwo test specimens shall be used to test each sample. The test specimens shall be between 3 mm
and 6,5 mm thick and at least 10 mm square or of 10 mm diameter. Their surfaces shall be flat and parallel and
free from flash. They shall be made in accordance with the specifications, if any, for the material under test. In
the absence of such specifications, any suitable procedure may be used for the preparation of test specimens
as agreed upon by the interested parties.

5.2 If the samples submitted for test are in the form of moulding materials (for example, powder or granulated
materials), these shall be moulded into specimens 3 mm to 6,5 mm thick, in accordance with the specifications
relating to the material under test, or in accordance with 1SO 293, ISO 294-1, 1SO 294-2, 1SO 294-3 or
ISO 3167 if no material specification exists. If these are not applicable, other procedures maybe used as agreed
between the interested parties.

5.3 For sheet materials, the thickness of the test specimens shall be equal to the thickness of the sheet,
except as follows:

a) If the thickness exceeds 6,5 mm, the test specimens shall be reduced in thickness to 3 mm to 6,5 mm by
machining one surface (see ISO 2818), the other surface being left intact. The test surface shall be the
intact one.

b) If the thickness of the sheet is less than 3 mm, not more than three pieces shall be stacked together in direct
contact to give a total thickness between 3 mm and 6,5 mm and the thickness of the upper (measured)
piece shall be at least 1,5 mm. Stacking of pieces of lesser thickness does not always give the same test
result.

5.4 The test results obtained may depend on the moulding conditions used in the preparation of the test
specimens, although such a dependence is not common. When testing materials for which the results do
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