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

1 Scope

1.1 This document specifies four methods for the determination of the Vicat softening temperature
(VST)

1.2

M

M
M
M

tempe

2 N

The fq

consti

undatg
ISO 29
[SO 29

ISO 29
princif

ISO 24
tensile

ISO 29

plates

ISO 47
ISO 2

fthermoplastic-matertats:
bthod A50 using a force of 10 N and a heating rate of 50 °C/h;
ethod B50 using a force of 50 N and a heating rate of 50 °C/h;
bthod A120 using a force of 10 N and a heating rate of 120 °C/h;
bthod B120 using a force of 50 N and a heating rate of 120 °C/h.

rature at which the thermoplastics start to soften rapidly

prmative references

llowing documents are referred to in the text in such a way that some or all of
futes requirements of this document. For\dated references, only the edition cite
bd references, the latest edition of the referenced document (including any amendm

1, Plastics — Standard atmospheres for conditioning and testing
3, Plastics — Compression moulding of test specimens of thermoplastic materials

4-1, Plastics — Injection moulding of test specimens of thermoplastic materials — B
les, and moulding of multipurpose and bar test specimens

4-2, Plastics — Injection moulding of test specimens of thermoplastic materials —
bars

4-3, Plasties— Injection moulding of test specimens of thermoplastic materials —

2, Plastics — Vocabulary

he methods specified are applicable only to thermoplasti¢syfor which they give a measure of the

their content
] applies. For
ents) applies.

art 1: General

Part 2: Small

Part 3: Small

1 Q, Plastics — Drapnrntinn njftact cpar‘impnc h}r mnr‘hining

ISO 16012, Plastics — Determination of linear dimensions of test specimens

ISO 20753, Plastics — Test specimens

IEC 60584-1, Thermocouples — Part 1: EMF specifications and tolerances

IEC 60584-3, Thermocouples — Part 3: Extension and compensating cables — Tolerances and identification
system

[EC 60751, Industrial platinum resistance thermometers and platinum temperature sensors
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3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 472 and the following apply.

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

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

— IEC Electropedia: available at https://www.electropedia.org/

3.1
penetration

i which thaindantinatin hacta nanaotrata intatha cnacimaon nndaor tact
distance over, H topenetrate intothe specimenundertest

VYV IITCTCIreTIrererrertty Prrers

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

3.2
load
force applied o 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 pt which a flat-ended indenter will penetrate the specimen to a depth of 1 mm ujpder a
specified load (3.2) using a selected uniform rate of temperaturéerise

Note 1 to entry: It is expressed in degrees Celsius (°C).

4 Principle

The temperature at which a standard indenting tip with a flat point, under a standardized load,
penetrates 1 |mm into the surface of a plastie-test specimen is determined. The indenting tip |exerts
a specified force perpendicular to the test\specimen, while the specimen is heated at a specifi¢d and
uniform rate.

The temperatjure, in degree Celsius(°C), of the specimen, measured as close as possible to the inglented
area at 1 mm penetration, is quoted as the VST.

5 Apparatus

5.1 Means|of producing penetration

The apparatujs 'shall be constructed essentially as shown in Figure 1 (or Figure 2). It consists of p rigid
metal frame in which a rod moves freely in the vertical direction. One end of the rod is fitted with a
weight-carrying plate and the other end is equipped with an indenting tip. The base of the frame is
fitted with a support plate or other suitable load-application device.

It is recommended that the rod and frame(s) be constructed of low thermal expansion material. Unless
vertical parts of the apparatus have the same coefficient of linear thermal expansion, the difference
in change of length of these parts during the test introduces an error in the reading of the apparent
penetration of the test specimen.

At the time of manufacture, or after repair or replacement of test frame, a blank test shall be made on
each apparatus using a test specimen made of rigid material having a low coefficient of expansion and
a thickness comparable to that of the specimen under test. The blank test shall cover the temperature
ranges to be used in the actual determination, and a correction term shall be determined for each
temperature. If the correction term is 0,02 mm or greater, its value and algebraic sign shall be recorded;

2 © IS0 2022 - All rights reserved
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and the term applied to each test result by adding it algebraically to the reading of the apparent
penetration of the test specimen.

NOTE Invar and borosilicate glass have been found suitable as materials for the test specimen in the blank
test.
5.2 Indenter

It shall be made of hardened steel, at least 2 mm long, of circular cross-section and of area
(1,000 + 0,015) mm? (corresponding to an indenting tip diameter of (1,128 + 0,008) mm) and fixed at
the bottom of the rod. The indenter, when in contact with the specimen, shall be perpendicular to the

rod. The tip shall be free from burrs or other imperfections

5.3 Heating equipment

The h¢ating equipment shall be a heating bath containing a suitable liquid, a fluidized bg¢d, or a direct
contadt heating unit, see Figure 2. For heat transfer media other than gas (air) the test specimen shall
be immpersed to a depth of at least 35 mm.

An eff]cient stirrer or means to fluidize the solid heat transfer medium.shall be provided| If liquids are
used fpr heat transfer, it shall be established that the liquid chosends stable over the tempgrature range

used and does not affect the material under test, for example casing it to swell or crack.

The m
doubt

The h
unifor

The he
manusé
if, ovel

Itisal
many
the co

NOTE
Liquid,
are ac

5.4

A set (

ethod using a liquid heat transfer medium shall be ¢considered a reference meth
or conflicts, if possible, in the temperature range under consideration.

pating equipment shall be provided with a control unit so that the temperature
m rate of (50 £ 5) °C/h or (120 + 10) °C/h.

ating rate shall be verified periodically either by checking the automatic temperat
lly checking the temperature. The requirement for the heating rate shall be consi
every 6 min interval during the test; the temperature change is (5,0 £ 0,5) °C or (1

owable for the first 10 min or up to 40 °C of the ramp to be outside of the prescribed
nstruments use a PID contrel*for the heating, and it is normal for the controller tg
'rect power and intervalrequirements to perform the required ramp rate.

A means of accelerating the cooling rate of the heating equipment has been found to be]

paraffin, transfoPmer oil, glycerol and silicone oils are suitable heat transfer liqui
ceptable. Forfluidized beds, aluminium oxide powder has been found suitable.

Weights

faweights shall be provided so that the total load applied to the test specimen is (1

meth

&b

od in case of

is raised at a

ereading, or
red satisfied
0,0 +1,0) °C.

tolerances as
tune itself to

desirable.

s, but others

0+0,2) N for

sAS50and A120 or ('—'{ﬂ + 1’{]) N for methods B50 and B120

5.5 Temperature-measuring device

Use a suitable temperature-measuring device of appropriate range and with a resolution of 0,1 °C (or
readable to 0,1 °C) and an accuracy of +1 °C. The temperature-measuring devices shall be calibrated at
the depth of immersion particular to the apparatus in use and in a temperature range that comprises
the Vicat softening temperatures to be measured. It is recommended that the heating bath is equipped
with a separate temperature-measuring device at each test station if there are several. In this case, the
temperature-sensing part of the instrument shall be located not farther than 12,5 mm from the point

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=380165291bb48ca30fd5ff65ac226e73

ISO 306:2022(E)

where the indenting tip contacts the specimen. The temperature sensing part of the instrument shall

not touch the specimen or be in contact with any part of the frame.

NOTE Methods of calibration of the temperature-measuring devices include static calibration (at one or
more constant temperatures) and dynamic calibration (using a constant heating-rate). Dynamic calibration is
capable of measuring temperature lag of the build-in temperature measuring device but requires a reference

temperature measuring device with suitable dynamic properties.

Thermocouples shall be in accordance with the requirements of IEC 60584-1 and IEC 60584-3.

Resistance thermometers shall be in accordance with the requirements of [EC 60751.

N
Key
1 penetratign-measuring device 5 approximate level of liquid or fluidized powd
2 replaceable weight 6  indenting tip
3 support plate 7  testspecimen
4 rod with indenting tip 8 test-specimen support/frame

Figure 1 — Schematic view of one type of testing apparatus with a heating equipment filled

with liquid or fluidized powder bed for determination of the VST

© IS0 2022 - All rights reserved
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Ui
57277

N

I
Key
1  weight 6 temperature-measuring device
2 pdnetration-measuring device 7  testspecimen
3 upper heater 8 lower heating block
4 ujper heating block 9 lower heater
5  rdd with indenting tip

Figure 2 — Schematic view of testing apparatus with a direct-contact heating pinit for
determination of the VST

5.6 Penetration-measuring device

Use a calibrated dial gauge, or any other indicating or recording device, including electrical displacement
sensing apparatus, such as a linear variable displacement transduce (LVDT), to measure the penetration
of the specimen at the point where the indenting tip contacts the specimen. The penetration-measuring
device shall be readable to 0,01 mm.

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 2022 - All rights reserved 5
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5.7 Micrometers and gauges

These are used to measure the width and thickness of the test specimens. They shall be readable to
0,01 mm and conform to ISO 16012.

6 Test specimens

6.1 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 9,5 mm square or of 9,5 mm diameter. Their surfaces shall be
flat and parallel and free from flash They shall be made 1n accordance w1th the spec1f1cat10ns if any,
for the materjalu : : ble procedure usedfor the
preparation df test spec1mens shall be agreed upon by the mterested partles

6.2 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 thi¢kyin accoydance
with the spegifications relating to the material under test, or in accordance with-ISO 293, IS0|294-1,
ISO 294-2, ISP 294-3, or ISO 20753 if no material specification exists. If these areot applicable} other
procedures shall be used as agreed between the interested parties.

6.3 For shelet materials, the thickness of the test specimens shall bé equal to the thickness|of the
sheet, except ps follows.

a) If the thickness exceeds 6,5 mm, the test specimens shall be“reduced in thickness to 3 jnm to
6,5 mm bly machining one surface (in accordance with ISQ,2818), the other surface being leftfintact.
The test Jurface 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 fontact to give a total thickness between3 mm and 6,5 mm and the thickness of thejupper
(measurdd) piece shall be at least 1,5 mm. StacKing of pieces of lesser thickness does not glways
give the Jame test result.

If test specimpns are taken from formed parts, ensure that the specimens:
— are taken from a relatively flat and\preferably non-grained area of the part to be tested;
— arein planar contact to each other when several pieces are stacked;

— are positjoned in such a way that the grained surface of the sample is (or the grained surfacefs of all
the pieces are) facing away from the indentation tip.

6.4 The tedt resultstobtained may depend on the moulding conditions used in the preparation of
the test specFens, although such a dependence is not common. When testing materials for which the

results do dependon the moulding conditions, special annealing or preconditioning procedures rrlay be
used before t sting Ir_\'r'nvir'h:d ‘I'hpy are qgrppd ta hy the interested parties

7 Conditioning

Condition for at least 16 h at the normal climate 23/50-2 according to ISO 291 or in accordance with the
appropriate material specification.

If the VST of the material under investigation is not affected by moisture, controlling of the moisture
shall be omitted.

6 © IS0 2022 - All rights reserved
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8 Procedure

8.1 If using a liquid-filled heating bath or a fluidized bed, mount the test specimen horizontally
under the indenting tip of the unloaded rod, perpendicular to the indenting tip. If using a Direct-contact
heating unit, 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.

8.2 Ifusingaliquid-filled heating bath or a fluidized bed (see Figure 1), place the rod/frame assembly

in the heating equipment. If using a direct-contact heating unit
blockg and lower the indenting tip on to the specimen (see Figure 2). The temperature
equipment shall be a maximum of 25 °C at the start of each test, unless previous-test
that, for the material under test, no error is caused by starting at another temperatuje an
tempefature is at least 50 °C below the expected VST.

8.3 ith the indenter still in position, add a sufficient weight to the support plate (or loa
in anofher suitable way), so that the total thrust on the test specimen will be (10 + 0,2) }
A50 apd A120 and (50 + 1,0) N for methods B50 and B120. After 5 min with the load apy
readirg of the indentation-measuring device) (see 5.5) or set the instrument to zero.

osition the specimen between the two

pf the heating
5 have shown
d the starting

 the indenter
| for methods
lied, note the

8.4 Increase the temperature at a uniform rate of (50 £ 5):2C/h or (120 + 10) °C/h as appropriate for

the test method selected. When a liquid-filled heating bath or a fluidized bed is used, st
mediufm well during the test. For reference tests, a rate 0£50 °C/h shall be used.

NOTE For some materials tested at the higher heating rate (120 °C/h), Vicat softening tem
been opserved which are up to 10 °C higher than thosé¢.obtained when testing at 50 °C/h.

r the heating

beratures have

8.5 Record the temperature of the heating medium or the heating block (see 5.4) when the indenter

has penetrated into the test specimen by (¥ + 0,01) mm from its starting position, as defin
record it as the VST of the test specimen:

8.6 Express the VST of the material under test as the arithmetic mean of the VSTs of t
tested| If the range of the individual results is greater than 2 °C, record the individug
Clausg 10, listitem h)] and-repeat the test a second time using an additional set of at least tv
In the |event of repeat testing, report the individual values from both the first and second
the VST with one deeimal. Express the test result(s) to the nearest decimal Celsius.

9 Precision

See AnjnexC: For comparison of results, see Annexes A and B.

ed in 8.3, and

he specimens
| results [see
Vo specimens.
tests. Report

10 Test report

The test report shall include the following information:
a) areference to this document, i.e. ISO 306:2022;

b) full 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
more than one layer) if these are used;

e) the method of preparation of the test specimens used;

© IS0 2022 - All rights reserved
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f)
g)
h)

j)

k)

the type of heating equipment;
the type of heat transfer media being used;

the conditioning and annealing procedures used, if any;

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

any unusual characteristics of the test specimen noted during the test or after removal from the
apparatus;

the date

fthe test

© IS0 2022 - All rights reserved
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Comparison of VST results obtained with liquid-filled heating bath
and direct-contact heating unit

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

filled

heating bath containing silicone oil and a direct-contact heating technique in which heat was

transrhitted to the specimens by direct contact with metal surfaces. The results are shown in Table A.1
and Figure A.1, all values falling within a scatter band of 2 %. The slope of theregregsion curve is

1,008,[suggesting that the difference in VST between the two heating techniquesds,l€ss than 1 %. Hence,
for prdctical purposes the two techniques are considered to give identical valyes.

NOTE These data were obtained by RRT in 2009 (see Annex C, C.1).

Table A.1 — Results of comparison study (heating rate 50 °C/h), VST (°Q)
VST using liquid-filled heating’ | VST using direct-contact heating
Test{material Type;)igllnate- bath
10 N load 50 N'load 10 N load 50 N load
PH4261 A Polyethylene 125,6 — 1259 —

PE fample 1 Polyethylene 91,4 — 91,7 —

PE $ample 2 Polyethylene 97,4 — 97,7 —
Terlqran GP-22 ABS 105,8 99,6 105,0 98,5
Terluyran GP-35 ABS 103,7 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
Terlujran HH-12 ABS 119,3 111,8 119,7 110,3
Terlyran 967K ABS 103,0 94,9 102,8 93,5

PS 143E Polystyrene — 84,0 — 83,7

© IS0 2022 - All rights reserved
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Figure A.1 — Plot of data presented in Table A.1
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Annex B
(informative)
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 lifjuid-filled heating bath apparatus containing silicone oil (for 7 materials) and_a [fluidized bed
appal;Etus with aluminium-oxide powder (for 11 materials). The results obtained, afid'the number of
laboratories 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 1,015 7 (lifiear regression with a
correlation coefficient of 0,999 7). Hence, for practical purposes the two technigques are ponsidered to
give identical values over the common temperature range.
NOTE These data were obtained by an interlaboratory testing in 2009 (see\C’1).
Table B.1 — Results of comparison study, VST [°C]
Test method B50 Test method A120
Heating rate 50<°C /h Heating rate 120 °C /h
Load:50"N Load 10N
Matdrial Type of material li‘t’]ifdlf?illrllgd Vsigilzl:(ijnfef(liu- li‘(llfl'}‘dlffsillrllegd Vs Tilzl::lng(:(liuid'
heating bath heating bath
PP 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
PHE Polyphenylene éther 193,4 193,4 2039 205,3
PHS Polyetersulfone 2174 220,8 225,5 2274
PHS Polyphenylere sulfide 260,4 264,6 272,3 273,5
LCP1 Liquidscrystal polymer — 2319 — 302,3
LCP 2 Liquid-crystal polymer — 221,8 — 303,2
PEEK Polyetheretherketone — 330,3 — 340,0
LCP 4 Liquid-crystal polymer — 269,6 — 361,4
Nuamber of laboratories 6 2 7 2
Number of materials 7 11 7 11

©1S0 2022 - All rights reserved 11


https://standardsiso.com/api/?name=380165291bb48ca30fd5ff65ac226e73

ISO 306:2022(E)

Y

[ [ [ T T 1 o

L I y=X ///
50 || T ek ///Z’/

T — 2% ///

[ O VST A120 1//

— A VST B50 Z

|| /]
200 et

///
/'/
77
//’
‘(/
150 f‘y
100 .
Pras
7

50

50 100 150 200 250 X

Key

X VST using liquid-filled heating bath (°C)

Y VST using[Fluidized Bed (°C)

Linear regfession

y=-1,50864 + 1,015 74 x

RZ=0,99969

Fljgure B.1 — Plot of data presented in Table B.1 — Methods B50 and A120
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Annex C
(informative)

Repeatability and precision

C.1 Precision

An int
with |

erlaboratory test involving 11 materials and 7 laboratories was conducted in 2009
b0 5725-2[1] to determine the precision of the method specified in this document.

C.2 Test conditions

Specin
were i

The of]
— te
— he
— m
Not eV
7 labo
could

C.3
The rdg

hens made of 11 different materials were sent to 7 laboratories. TeSt;specimens for
hjection-moulded by one laboratory which offered the sample.

her test conditions are reported below:

5t method: in accordance with this document
ating equipment: Liquid-filled, fluidized bed;
ecimens tested; 6 (3 specimens x 2 times);

bthods: A120 (10 N, 120 °C /h) and B50 (50N, 50 °C /h).

ery laboratory tested every materialusing every type of equipment. For liquid-filled
Fatories tested 7 materials. For fluidized bed, 2 laboratories tested 11 materials. Sq
hot be tested with a liquid-filledheating bath because their VST was too high for th

Precision data

sults are shown in Tables C.1 to C.4. In those tables, the statistical properties used 3

s, = within laboratory-standard deviation;

sg = bg
r=95
R=095

tween labexatory standard deviation;
U6 repeatdbility limit=2,8 s;

% xeproducibility limit = 2,8 sg;

n accordance

each material

heating bath,
me materials
b silicone oil.

\re:

C.4 Precision statement

The data in Tables C.1 to C.4 should not be rigorously applied to acceptance or rejection of material, as
those data are specific to the round robin and are not necessarily representative of other lots, conditions,
materials or laboratories. Users of this test method should apply the principles of ISO 5725-211 to
generate data specific to their laboratory and materials, or between specific laboratories. Any judgment
made in accordance with r and R would have an approximately 95 % probability of being correct. The
following principles would then be valid for such data.
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