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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

This revision introduces heating equipment, consisting of a fluidized bed, as a new apparatus; this is as
an alternative to liquid-filled heating baths and direct-contact heating units. Fluidized beds can reach
higher temperatures than traditional liquid-filled heating baths; therefore, they represent a suitable
way to measure the Vicat softening temperature (VST) of thermoplastic materials having improved
thermo-mechanical properties.

It was also felt necessary to add

— precision data based on round robin testing performed in 2009, and

— comparison data for tests with liquid-filled and fluidized bed.

© IS0 2013 - All rights reserved v
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INTERNATIONAL STANDARD ISO 306:2013(E)

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

1 Scope

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

— mpthod A50 using a force of 10 N and a heating rate of 50 K/h;
— mpthod B50 using a force of 50 N and a heating rate of 50 K/h;
— mpthod A120 using a force of 10 N and a heating rate of 120 K/h;
— mpthod B120 using a force of 50 N and a heating rate of 120 K/h.

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

2 Nprmative references

The fdllowing documents, in whole or in part, are normatively referenced in this document and are
indispensable to its application. For dated references, only the edition cited applies.| For undated
referepces, the latest edition of the referenced doctiment (including any amendments) apglies.

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

ISO 294-1, Plastics — Injection malilding of test specimens of thermoplastic materials — Hart 1: General
principles, and moulding of multipuypose and bar test specimens

ISO 294-2, Plastics — Injegtion moulding of test specimens of thermoplastic materials —|Part 2: Small
tensilelbars

ISO 294-3, Plastics =~Injection moulding of test specimens of thermoplastic materials — Part3: Small plates
ISO 47]2, Plastics<¢ Vocabulary
[SO 2818, Plastics — Preparation of test specimens by machining

ISO 201753, Plastics — Test specimens

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 472 and the following apply.

31
penetration
distance over which the indenting tip has to penetrate into the specimen under test

Note 1 to entry: It is expressed in millimetres (mm).

© IS0 2013 - All rights reserved 1
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3.2
load
force applied to test specimen by means of the indenting tip

Note 1 to entry: It is expressed in Newtons (N).

3.3

Vicat softening temperature

VST

temperature at which a flat-ended needle penetrates the specimen to a depth of 1 mm under a specified
load using a selected uniform rate of temperature rise

Note 1 to entryrItisexpressed tmdegrees Celstus °CT-

4 Principje

The temperature at which a standard indenting tip with a flat point penetrates 1 mnt into the surfface of
aplastic test ypecimen is determined. The indenting tip exerts a specified force perpendicular to the test
specimen, whiile the specimen is heated at a specified and uniform rate.

The temperatjure, in degrees Celsius, of the specimen, measured as close as’possible to the indentdd area
at 1 mm penefration, is quoted as the VST.

5 Apparatus

5.1 Heating equipment, consisting of one of the following (5.1.1, 5.1.2 or 5.1.3) that will adcept a
minimum of two test frame assemblies and a cooling deviéé (5.1.4).

The heating e[quipment shall be provided with means'of temperature control, enabling the tempefrature
to be raised af a uniform rate of (50 * 5) K/h or (120 * 10) K/h.

The heating rpte shall be verified
— either by|checking and recording automatically over the whole temperature range, or

— by manuglly checkingand recording the temperature change at 6-minintervals over the tempejrature
range beilng verified.

The requirenjent for the heating rate shall be considered satisfied if, over every 6-min interval fluring
the test, the femperaturedchdnge is (5 + 0,5) °C or (12 £ 1) °C, respectively. For multiposition heating
equipment, the heatingrate shall be verified at each test station. The apparatus may be designed fo shut
off the heat aitomatically and sound an alarm when the specified indentation has been reached.

5.1.1 Liquid<illed heating bath, containing a liquid in which the test specimen can be immersgd to a
depth of at least 35T Liquid paraffim, transformer oit, giycerot and siticomne oit are suitabte tiquid heat-
transfer media, but other liquids may be used. 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. Do not heat the liquid filled heating bath in excess of the flash point
specified by the heat transfer media manufacturer.

5.1.2 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.

5.1.3 Fluidized bed, containingapowderbed (e.g.aluminium oxide powder), in which the test specimen
can be immersed to a depth of at least 35 mm. This type of apparatus uses a micrometric aluminium oxide
powder, which when mixed with a suitable flow of heated air, creates a liquid-like heating medium. The
maximum working temperatures (and measurable VSTs) are therefore much higher than those attainable

2 © IS0 2013 - All rights reserved
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with liquids according to 5.1.1. An efficient stirring mechanism shall be provided, in order to achieve a
temperature homogeneity in the specimen area analogous to the case of a liquid-filled heating bath.

5.1.4 Cooling device, as an optional means to reduce the temperature of the heating device; it may be

used to reduce the time between tests.

5.2 Test frame assemblies (see Figures 1 and 2), consisting of the following.

5.2.1 Rod and frame, provided with a support plate or other suitable load-application device, held in a

I'lgld metal frame The rod shall be able to move freely, with minimum frlctlon ina vertlcal

5.2.2 | Indenting tip, preferably of hardened steel, 1,5 mm to 3 mm long, of circular cros
of areg (1,000 + 0,015) mm? (corresponding to an indenting-tip diameter of (1128 + 0,00
at the pottom of the rod (5.2.1). The surface of the indenting tip in contactwith the specimg
and pgrpendicular to the axis of the rod, and free from burrs.

5.2.3 | Weights, applied to the rod (5.2.1) centrally, so that the tetalload applied to the te
(10 £ ¢,2) N for methods A50 and A120 and (50 # 1) N for methods B50 and B120.

5.2.4 | Penetration-measuring device, calibrated mierometer dial gauge, LVDT (li
differgntial transformer) or other suitable measuring{nstrument to measure the pene
indentiing tip into the test specimen to an accuracy ofi£0,01 mm.

5.2.5 | Temperature-measuring device.

5.2.5.1 Foraliquid-filled bath and a fluidized bed, use a suitable temperature-measuring
appropriate range and accurate to within+0,5 K. Thermometers shall be calibrated at the dept}
requirgd by 5.1.1 and 5.1.3. The teniperature-measuring device shall be positioned as close
both the indenting tip and the spécimen, but avoiding direct contact between the sensor and 4

direction. The
 supports the
hmended that

s-section and
8) mm), fixed
n shall be flat

bt specimen is

hear variable
fration of the

instrument of
of immersion
as possible to
pecimen.

5.2.5.2 For a direct-contact heating unit, use a suitable temperature-measuring instrument of

appropriate range and,accurate to within £0,5 K. The sensor shall be positioned as close
both the indenting tip-and the specimen, but avoiding direct contact between the sensor ar

as possible to
d specimen.
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Figure 1 — Schematic view of one type of testing apparatus with heating equipment filled with
liquid or fluidized powder bed for determination of the VST
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Figure 2 — Schematic view of testing apparatus with a direct-contact heating pnit for
determination of the VST

6 Test frame assembly calibration

6.1 When analogue dial gauges are used, the thrust of the dial gauge, which contributes to the thrust
on the test specimen, shall be recorded. 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. 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 indenting tip has penetrated 1 mm into the specimen. The combined downward
thrust, determined during calibration of the apparatus, due to the rod, the indenting tip 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.

© IS0 2013 - All rights reserved 5
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6.2 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 test shall
therefore be carried out on each frame assembly, using a test specimen made of a rigid material known to
have a low coefficient of expansion (e.g. quartz or borosilicate glass). This test shall cover the temperature
range typical of the type of material to be tested. A correction 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.

7 Test specimens

7.1 Atleast|two test specimens shall be used to test each sample. The test specimens shall be' bgtween
3 mm and 6,3 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 undgr 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.

7.2 If the spimples submitted for test are in the form of moulding material§_(for example powlder or
granulated materials), these shall be moulded into specimens 3 mm to 6,5 mm/'thick, in accordande with
the specifications relating to the material under test, or in accordance with{SO 293, ISO 294-1, ISO|294-2,
ISO 294-3 or [SO 20753 if no material specification exists. If these arelniot applicable, other procgdures
may be used 3s agreed between the interested parties.

7.3 For shept materials, the thickness of the test specimens shall be equal to the thickness of the sheet,
except as follqws.

a) Ifthe thigkness exceeds 6,5 mm, the test specimens-shall be reduced in thickness to 3 mm to §,5 mm
by machining one surface (specified in ISO 2818);the other surface being left intact. The test surface
shall be the intact one.

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

7.4 The testresults obtained-car’depend on the moulding conditions used in the preparation of the test
specimens, alfhough such a dependence is not common. When testing materials for which the resfilts do
depend on th¢ moulding conditions, special annealing or preconditioning procedures may be used [before
testing, providled they are’agreed to by the interested parties.

8 Conditipning

Condition in accordance with ISO 291 or with the appropriate material specification.

9 Procedure

9.1 If using a liquid-filled heating bath(5.1.1) or a Fluidized bed (5.1.3), mount the test specimen
horizontally under the indenting tip (5.2.2) of the unloaded rod (5.2.1), perpendicular to the indenting
tip. If using a direct-contact heating unit (5.1.2), place the test specimen horizontally and perpendicular
to the direction of travel of the indenting tip, without placing the indenting tip on the specimen.

The indenting tip shall at no point be nearer than 3 mm to the edge of the test specimen. The surface of
the test specimen in contact with the base of the apparatus shall be flat.

6 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=c3bee0e931198a889d1b7b7fa48cb82a

ISO 306:2013(E)

9.2 If using a liquid-filled heating bath or a fluidized bed, place the rod/frame assembly in the heating
equipment. If using a direct-contact heating unit, position the specimen between the two blocks and lower
the indenting tip on to the specimen. The temperature of the heating equipment shall be a maximum of
25 °C at the start of each test, unless previous tests have shown that, for the material under test, no error
is caused by starting at another temperature. When a liquid-filled heating bath or a fluidized bed is used,
the bulb of the thermometer or the sensor of the temperature-measuring instrument (see 5.2.5.1) shall be
atthe same level as, and as close as possible to, the test specimen. If using a direct-contact heating unit, the
sensor shall be positioned in the heating block, as close as possible to the specimen as specified in 5.2.5.2.

9.3 With the indenting tip still in position, add a sufficient weight to the support plate (or load the
indenting t1p in another sultable way), so that the total thrust on the test spec1men Wlll be (10 £ 0,2) N for
methofds 2 i i [ applied, note
the redding of the 1ndentatlon -measuring lnstrument) (see 5.2. 4) or set the instrument to gero.

9.4 [ncrease the temperature at a uniform rate of (50 + 5) K/h or (120 # 10) K¢/h.-When|a liquid-filled
heating bath or a fluidized bed is used, stir the heating medium well during the test. For referee tests, a
rate off 50 K/h shall be used.

NOTE For some materials tested at the higher heating rate (120 K/h), Vicat softening tempdratures can be
observed which are up to 10 °C higher than those obtained when testing at 50 K/h.

9.5 Note the temperature of the heating medium (see 5.2.5.1%or the heating block (see[5.2.5.2) when
the inglenting tip has penetrated into the test specimen by (# 0,01) mm from its starting position as
defined in 9.3, and record it as the VST of the test specimen.

9.6 Express the VST of the material under test assthe arithmetic mean of the VSTs of the specimens
tested| unless the range of individual results exce€ds 2 K. If the range is greater than 2|K, record the
individual results [see Clause 11, list item h)] and repeat the test a second time using an additional set of
at least two specimens (see 6.1). In the event of repeat testing, report the individual values|from both the
first and second tests. Report the VST to three significant figures.

10 Precision

For precision, see Annex C.

11 Test report
The test report shall include the following information:

a) areferenceto this International Standard, i.e. ISO 306;

b) fulll identification of the material tested;

c) the method employed (A50, A120, B50 or B120);

d) the thickness and the number of layers of composite test specimens (i.e. specimens consisting of
more than one layer) if these are used;

e) the method of preparation of the test specimens used;
f) the type of heating equipment;
g) the conditioning and annealing procedures used, if any;

h) the mean Vicat softening temperature (VST) of the material, in degrees Celsius, unless the range of
the first set of results exceeds 2 K, in which case, all the individual results shall be reported;

© IS0 2013 - All rights reserved 7
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i) any unusual characteristics of the test specimen noted during the test or after removal from the
apparatus.

j) the date of the test.

8 © IS0 2013 - All rights reserved
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Comparison of VST results obtained with liquid-filled heating bath
and direct-contact heating unit

A study was conducted to determine the VST of 10 materials measured using a liquid-filled heating

bath cpntaining silicone oil and a direct-contact heating technique in which heat was tran$mitted to the
specimens by direct contact with metal surfaces. The results are shown in Table A.1 and’Figure A.1, all
valueg falling within a scatter band of 2 %. The slope of the regression curve is 1,008, syggesting that
the difference in VST between the two heating techniques is less than 1 %. Hencegfor practical purposes
the two techniques may be considered to give identical values.

NOTE These data was obtained by round robin testing in 2009 (see Annex £);
Table A.1 — Results of comparative study (heating rate 50 K/h), VST [°C]|
VST using liquid-filled heating/ | VST using direct-corftact heating
Testimaterial Typelf)iginate- bath
10 N load 50 N'load 10 N load 50 N load
PH4261 A Polyethylene 125,6 - 1259 -

PE $ample 1 Polyethylene 91,4 — 91,7 —

PE $ample 2 Polyethylene 97,4 — 97,7 —
Terlyran GP-22 ABS 105,8 99,6 105,0 98,5
Terlyran GP-35 ABS 10377 96,4 102,3 96,2
Terlyran HI-10 ABS 104,9 98,5 105,1 97,0
Terlyran EGP-7 ABS 108,2 100,1 1071 100,5
Terlupan HH-12 ABS 119,3 111,8 119,7 110,3
Terlyran 967K ABS 103,0 94,9 102,8 93,5

PP 143E Polystyrene — 84,0 — 83,7

© IS0 2013 - All rights reserved
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Annex B
(informative)

06:2013(E)

Comparison of VST results obtained with liquid-filled heating bath

and fluidized bed

A comparison study was conducted measuring the VST (method B50 and method A120) by means of

a liquid-filled heating bath apparatus containing silicone oil (for seven materials] and-a]fluidized bed
appal;Eus with aluminium oxide powder (for 11 materials). The results obtained and-the number of
laboraltories involved are shown in Table B.1 and Figure B.1. These results show;'that pll values fall
withir] a scatter band of #2 %. The slope of the regression curve is 1,0157 (linear regression with a
correlation coefficient of 0,999 7). Hence, for practical purposes the two techaniques may be considered
to givg identical values over the common temperature range.
NOTE These data were obtained by round robin testing in 2009 (see Annex.C).
Table B.1 — Results of comparative study, VST [°C]
Test method-B50 Test meth¢d A120
— Heating rate 50 K/h Heating rate 120 K/h
50.N load 10 N 1pad
Material Type of material li‘(llfl'{d‘f?ill?fd Vsi;‘il;::inggiu' li‘(llfl}‘dlf?illlllgd VSi:ilzlztiinEef(liu-
heating bath heating bath
PS Polystyrene 91,6 91,5 99,2 98,9
POM 1 Polyoxymethylene 147,8 149,1 160,7 162,9
PC Polycarbonate 144,1 144,8 151,7 152,3
POM 2 Polyoxymethylene 1539 155,3 1639 164,6
PPE Polyphenylene ether 193,4 193,4 2039 205,3
PES Pelyetersulfone 2174 220,8 225,5 2274
PPS Pelyphenylene sulfide 260,4 264,6 272,3 273,5
LCP1 Liquid-crystal polymer — 2319 — 302,3
LCP 2 Liquid-crystal polymer — 221,8 — 303,2
PEEK Polyetheretherketone — 330,3 — 340,0
LEP 4 Liquid-crystal polymer — 269,6 — 361,4
Number of laboratories 6 2 2
Number of materials 7 11 7 11
© IS0 2013 - All rights reserved 11
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Annex C
(informative)

Repeatability and precision

C.1 Precision

Round robin testing involving 11 materials and seven laboratories was conducted in 2009

n accordance

with ISO 5725-2 to determine the precision of the method specified in the previeus gdition of this

Internptional Standard.

C.2

Specin
mater

The of]

Not eV
seven
mater

silicorje oil.

C.3
The rdg
In Tab

St

est conditions

al were injection-moulded by one laboratory which offered the'sample.
her test conditions were the following:
test method: the previous edition of this International Standard;
heating equipment: liquid-filled, fluidized bed;
specimens tested; six (three specimens, twice);
methods: A120 (10N, 120 K/h) and B50(50N, 50 K/h).

ery laboratory tested every materialiising every type of equipment. For liquid-filled
aboratories tested seven materials. For fluidized bed, two laboratories tested 11 m
als could not be tested withya liquid-filled heating bath because their VST was to

Precision data

sults are showmin Tables C.1, C.2, C.3 and C.4.

es C.1 to C¥%;-the statistical properties used are:

= within'laboratory standard deviation;

SR

£hetween laboratory standard deviation;

hens made of 11 different materials were sent to seven laboratories. Test specithens for each

heating bath,
iterials. Some
b high for the

r =95 % repeatability limit = 2,8 sy;

R

=95 % reproducibility limit = 2,8 sp.
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