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Plastics — Ultra-high-molecular-weight polyethylene (PE-UHMW)
moulding and extrusion materials —

Part 2:

Preps

1 Sco

This part
determin
and for c

ration of test specimens and determination of properties

De
of 1ISO 11542 specifies the methods of preparation of test specimens and the test methods tg

bnditioning both the test material before moulding and the specimens before testing are given h

Procedu
material
necessa

The pro
for or of
as are th

In order
condition

necessallily be identical to those obtained using specimens of different dimensions or prepared us

procedur|

2 Norr

The follo
ISO 1154
parties td
most rec
Internatid

es and conditions for the preparation of test specimens:and procedures for measuring props
from which these specimens are made are given:(Rroperties and test methods which are 4
to characterize PE-UHMW moulding and extrusion“’materials are listed.

rties have been selected from the general test methods in ISO 10350-1. Other test methods
articular significance to these moulding and’extrusion materials are also included in this part of
b designatory properties specified in part-1.

0 obtain reproducible and comparable test results, it is necessary to use the methods of pref
ng, the specimen dimensions. and the test procedures specified herein. Values determi

ES.

native references

ving standards contain provisions which, through reference in this text, constitute provisions o
2. At theltime of publication, the editions indicated were valid. All standards are subject to r
agreements based on this part of ISO 11542 are encouraged to investigate the possibility of
bnt.editions of the standards indicated below. Members of IEC and ISO maintain registers of cu
nabStandards.

be used in

ng the properties of PE-UHMW moulding and extrusion materials. Requirements for handling test material

ere.

prties of the
uitable and

in wide use
ISO 11542,

aration and
ed will not
ng different

this part of
bvision, and
hpplying the
rrently valid

ISO 62:—1), Plastics — Determination of water absorption.

ISO 75-1:1993, Plastics — Determination of temperature of deflection under load — Part 1: General test method.

ISO 75-2:1993, Plastics — Determination of temperature of deflection under load — Part 2: Plastics and ebonite.

ISO 178:

1993, Plastics — Determination of flexural properties.

1) To be published. (Revision of ISO 62:1980)
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ISO 179-1:—2), Plastics — Determination of Charpy impact properties — Part 1: Non-instrumented impact test.

ISO 291:1997, Plastics — Standard atmospheres for conditioning and testing.

ISO 293:1986, Plastics — Compression moulding test specimens of thermoplastic materials.

ISO 527-1:1993, Plastics — Determination of tensile properties — Part 1: General principles.

ISO 527-2:1993, Plastics — Determination of tensile properties — Part2: Test conditions for moulding and

extrusion plastics.

ISO 527-4:1997, Plastics — Determination of tensile properties — Part4: Test conditions for isotropic and
orthotropic fibre-reinforced plastics composites.

ISO 899-1:1993, Plastics — Determination of creep behaviour — Part 1: Tensile creep.

ISO 1183:1p87, Plastics — Methods for determining the density and relative density of non-cellular plastics,

ISO 1210/IEC 60695-11-10:—3), Determination of the burning behaviour of horizontal_and vertical speg¢imens in
contact withh a small-flame (50 W) ignition source.

ISO 1628-3;1991, Plastics — Determination of viscosity number and limiting  viscosity number — Part 3:
Polyethylenes and polypropylenes.

ISO 2818:1p94, Plastics — Preparation of test specimens by machining.

ISO 3146:—4), Plastics — Determination of melting behaviour (melting temperature or melting range)| of semi-
crystalline golymers by capillary tube and polarizing-microscope methods.

ISO 3167:1p93, Plastics — Multipurpose test specimens.

ISO 4589-111996, Plastics — Determination of burning-béhaviour by oxygen index — Part 1: Guidance.

ISO 4589-211996, Plastics — Determination of burhing behaviour by oxygen index — Part 2: Ambient-temperature
test.

ISO 8256:1p90, Plastics — Determination.of tensile-impact strength.

ISO 10350:[1993, Plastics — Acquisitionh and presentation of comparable single-point data.

ISO 11542-11:1994, Plastics ~_Ultra-high-molecular-weight polyethylene (PE-UHMW) moulding and |extrusion
materials — Part 1: Designation system and basis for specifications.

IEC 60093:1980, Methads of test for volume resistivity and surface resistivity of solid electrical insulating miaterials.
IEC 60112:1979, Method for determining the comparative and the proof tracking indices of solid insulating|materials
under moist condlitions.

IEC 60243-1:1998, Electrical strength of insulating materials — Test methods — Part 1. Tests at power frequencies.

IEC 60250:1969, Recommended methods for the determination of the permittivity and dielectric dissipation factor of
electrical insulating materials at power, audio and radio frequencies including metre wavelengths.

IEC 60296:1982, Specification for unused mineral insulating oils for transformers and switchgear.

2) To be published. (Revision of ISO 179:1993)
3) To be published. (Revision of ISO 1210:1992)
4) To be published. (Revision of ISO 3146:1985)
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3 Preparation of test specimens

It is essential that specimens are always prepared by the same procedure using the same conditions. The test
specimens shall be prepared by compression moulding.

3.1 Treatment of the material before moulding

Before processing, no pretreatment of the material sample is normally necessary.

3.2 Compression moulding

Compres
table 1. ]
moulded

sion-moulded sheets shall be prepared in accordance with 1SO 293 using the conditions
sheets in accordance with ISO 2818 or stamped.

Table 1 — Compression-moulding conditions

specified in

[he test specimens for the determination of the properties shall be machined from_ the” compression-

Materihl Moulding A\{erage Demoulding Full pressure FuII-p.ressure Preheating Preheating
temperature | cooling rate | temperature time pressure time
°C °C/min °C MPa min MPa min
All grades 210 15 < 40 10 30 5 5to0 15
A type 1|(frame) mould may be used, but it is necessary to startrcooling whilst simultaneously applying the full

pressure

For thickl
depends
sufficient
especiall

4 Con

Test spe
relative h

5 Dete

In the de
given in
(50 £5)

This avoids the melt being pressed out of the frame and avoids sink marks.

er sheet (=4 mm), a type 2 (positive) mould hassbeen found to work satisfactorily. The prel
on the type of mould and the type of energy input (steam, electricity). For frame moulds, 5 m
but for positive moulds, due to the bigger.mass, a preheating time of 5 min to 15 min can be|
y if electric heating is used.

ditioning of test specimens

cimens shall be conditioned-in accordance with ISO 291 for at least 40 h at 23 °C = 2 °C and
umidity.

rmination of properties
ermination of properties and the presentation of data, the standards, supplementary instruction

SO 10350 shall be applied. All tests shall be carried out in the standard atmosphere of 23 °C
6 relative humidity unless specifically stated otherwise in the tables which follow.

eating time
n is usually
necessary,

(50 + 5) %

s and notes
+2°C and

Table 2

s compiled trom SO 10550, and the properties listed are those which are appropriate to

PE-UHMW

moulding and extrusion materials. These properties are those considered useful for comparisons of data generated
for different thermoplastics.

Table 3 contains those properties, not found specifically in table 2, which are in wide use or of particular significance
in the practical characterization of PE-UHMW moulding and extrusion materials.
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Table 2 — General properties and test conditions

(selected from 1SO 10350)

Specimen type

Test conditions

Property Unit Standard (dimensions in mm) and supplementary instructions
Mechanical properties
Tensile modulus MPa Test speed 1 mm/min
Yield stress MPa Test speed 50 mm/min
Yield strain % ISO 527-1, Test speed 50 mm/min
Nominal strain at break % ISO 527-2 See ISO 3167 Test speed 50 mm/min
Stress at 50 % strain MPa 150 527-4 Test speed 50 mm/min
Stress at break MPa Test speed 5 mm/min. Only to be quoted
Strain at break % if strain at break is < 10 %
Tensile creep modulus MPa ISO 899-1 See ISO 3167 Atlh : 0
At 1000 h Strain < 0,5 %
Flexufal modulus MPa ISO 178 80x10x 4 Test speed 2 mm/min
Tensile notched impact kJ/m?2 1ISO 8256 80x10x4
strength double V-notch,
r=1
Thermal properties
Melting temperature °C ISO 3146 Powder Method C (DSC or,BTA). Use 10 °C/min.
Temperature of °C ISO 75-1, 110x10x 4 0,45 MPa and 1/8"MPa
deflection under load ISO 75-2 edgewise
or80x10x4
flatwise
Coefflcient of linear °c-1 TMA (see Prepared from | Parallel } Quote the secant value over the
thefmal expansion ISO 10350) ISO 3167 Normal temperature range 23 °C to 55 °C
Flaminability mm/min ISO 1210 125x 13 x 3 Method A — linear burning rate of horizontal
Specimens
Ignitapility % ISO 4589-1, 80 x 10 x4 Procedure A — top surface ignition
ISO 4589-2
Electtical properties
Rfala.t ve. permittivity — } IEC 250 £80x=80x1 Frequency 100 Hz and 1 MHz (compensate
Dissipation factor _ for electrode edge effect)
Volume resistivity Qm
} IEC 93 =80x=80x1 |[Voltage 100V
Surfafe resistivity Q
= 80x=80x1 Use 25 mm/75 mm coaxial-cylinder electrode
Electiic strength kV/mm 1EC 243-1 { Z 80 Z 80 x 3 configuration. Immerse in IEC 296 transforme)
= BUX =00 X314l Use short time (rapid rise) test
Comparative tracking — IEC 112 = 15x = 15x%x4 |Use solution A
index
Othen properties
Watef absorption % ISO 62 50 x 50 x 3 or 24 h immersion in water at 23 °C
50 x 3 disc
Densjty kg/m3 ISO 1183 10x10x4 Test specimen to be taken from moulded

specimen

©1SO
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Table 3 — Additional properties and test conditions of particular utility to PE-UHMW

moulding and extrusion materials

Property Unit Standard Specimen type Test conditions
(dimensions in mm) | and supplementary instructions
Mechanical properties
Elongation stress MPa See annex A
Charpy notched impact kJ/m2 ISO 179-1 120 x 15 % 10 See annex B
strength double V-notch
14° +2°
Other properties
Viscosity number ml/g ISO 1628-3 Powder
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Annex A
(normative)

Method for determining the elongational stress 5)
of PE-UHMW moulding material

A.1 Sco

This annex
viscosity of

NOTE The
high molecul

A.2 Defi

A.2.1 elon
increase thd

A.3 App

Constant-te

a mixe
a heati

perfora
from th

a conts

a merd
temper,

a stang

a spec

he

specifies a method for the determination of the elongational stress as a characterization of
PE-UHMW moulding powder.

melt flow rate of this material cannot be determined by the method specified in ISO.133 because of its
ar weight.

hition

hational stress, F(150/10): The tensile stress (force divided by initial cross-sectional area) re
e measured length of a test specimen by 600 % at 150 °C over a 10 min period.

aratus (see figures A.1 and A.2)

mperature heating bath containing
with motor (1)
ng coil (2)

ted plates (3), one fitted nearthe bottom of the bath, the other separating the mixer and the he
P specimen

ct thermometer (4)

ptures within thewrange 150 °C £ 2 °C
(6) and_elamps for supporting the specimen in its holder

men Rolder (7), in accordance with figure A.2, with arresting device (10)

the tes

specimen (8)

©1SO

the melt

extremely

quired to

ating coil

ury-in-glass or equivalent thermometer (5), graduated in intervals of 0,5 °C, suitable for measuring

a set of weights (9), with hooks for suspension from the specimen holder such that the height of the weight,
including its hook, is 41,5 mm in each case (for the masses of the weights, see table A.1)

a heating-bath liquid (11)

a stopwatch, accurate to 0,1 s

measuring instruments, accurate to 0,02 mm, for measuring the width and thickness of the narrow parallel-

sided s

ection of the test specimen

5) This property has been termed “flow value” in the past.
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Table A.1 — Masses, in grams, of weights used to load specimen

100

120
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180

200

250

300

350

400

500 600 700 800

10

(1]

1

| \'/\‘

<]

+~

Key

ga b~ WN B

Dimensions |n millimetres

Mixer with motor (M)
Heating caoil
Perforated plates
Contact thermometer
Mercury-in-glass thermpmeter
or equivalent
Stand
Specimen holder
Test specimen

QG 0 N O

11
12

wWelgrt

Arresting device
Heating-bath liquid
Temperature-control unit

Figure A.1 — Schematic diagram of apparatus for determining elongational stress
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Dimensions in millimetres

Key
1 Specimen
2 Clamp

Figure A.2 — Specimen holder
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A.4 Cq
Use the

reducing
granular

A5 Pr

A5.1 T
Punch si
A5.1.1

Measure
nearest (

A5.2 [
A5.2.1
A5.2.2
suspend
device sq
the botto

A5.2.3

ISO 11542-2:1998(E)

Dimensions

15 0,2

wn

o

=

+

-~

[Wa)

1=

50 14 +0,1

in millimetres

Figure A.3 — Test specimen

pmpression moulding of sheet
conditions specified in table 1 of this part of ISO 11542. Mix stabilizer, at-a concentration

pr pellet form, grind or pulverize it so that a homogeneous mixture is obtained.

ocedure

est specimens (see figure A.3)
specimens out of the same sheet. Each one is fox use with a different weight.
[Measurement of cross-section

the width and thickness of the narrow-parallel-sided section of each of the six test specir
,02 mm. Record the measurements.

Determination
Fill the heating bath with a-suitable liquid (e.g. silicone oil) and raise the temperature to 150 °C 1

Clamp one of the-test specimens in the holder as shown in figure A.2, hook a weight to the
the specimen and-weight in the bath liquid as shown in figure A.1 with the holder arrested by t
that the specimen in not loaded by the weight. Ensure that the base of the weight is 90 mm = ]
M perforated/plate.

simultanToust start the stopwatch.

Five minutes after the specimen has entered the bath liquid, free the holder from the arresting

capable of

crosslinking, homogeneously into the moulding powder. If the PE-UHMW resin or the stgbilizer is in

nens to the

k2 °C.
holder and

ne arresting
L mm above

device and

A.5.2.4 At the moment that the descending weight touches the perforated plate, stop the watch and record the
time (i.e. the time needed to reach 600 % elongation of the narrow parallel-sided section of the test specimen).

A.5.2.5 Repeat the operations described in A.5.2.2 to A.5.2.4 for each of the five remaining specimens, using a
different weight with each.

The choice of the six different weights used to load the test specimens from the thirteen weights listed in table A.1
depends upon the molecular weight of the PE-UHMW sample. Select the weights so that times between 1 min and
20 min are obtained.

NOTE Elongation of the test specimens does not take place at constant speed.
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A.6 Calc

ulation of results

©1SO

For each of the six separate determinations, the tensile stress o, expressed in MPa, is given by the equation

mx 9,81
o=——X
bxs

where

1_p_m
Pw

-5

is the mass, in g, of the weight used,;

g

3

3

Pm

g

Pw
9,81 is

NOTE Asi
been correct|

Using a log

elongation flecorded in A.5.2.4 and A.5.2.5. Draw a straight line thraugh the six points and, from this graph

the tensile 5
F(150/10) if

The six poi
crosslinking
amount of s

NOTE The

products with the same elongational stress.

A.7 Prec

The precisi
variation of

A.8 Test

the initial width, in mm, of the narrow parallel-sided section of the test specimen;

the initial thickness, in mm, of the narrow parallel-sided section of the test specimen;
the density of the heating-bath liquid at 150 °C;

the density of the weight at 150 °C;

the acceleration due to gravity, in m/s2.

5 usual in practice, the mass of the lower test specimen holder has been_neglected but the attached
bd for buoyancy.

/log scale, plot the tensile stress for the six specimens:against the corresponding times f

tress corresponding to a period of 10 min (see figure A:.4). This value represents the elongatio
MPa.

hts plotted should lie in a straight line. An undue amount of scatter (R2 = 0,95) indicates th
has occurred in the test specimens. In such a case, prepare further specimens using an i
tabilizer (see clause A.4), and repeat the whole procedure.

slope of the line can be given as an.additional characterization parameter to compare different H

ision

bn of this method is\net known because inter-laboratory data are not available. However a co€
about + 5 % could-be expected.

report

veight has

br 600 %
, read off
nal stress

at partial
ncreased

E-UHMW

fficient of

The test ref

oft-shall include the following information:

a) all details necessary for identification of the PE-UHMW moulding powder tested;

b)

the elongational stress F(150/10), in MPa;

c) details of any departures from the standard method specified herein, plus the reasons why;

d)

10

the date of the test.
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Tensile stress, o(MPa)
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Time to reach 600 % elongafion (minutes)

Figure A.4 — Typical curve for determining the elongational stress

11


https://standardsiso.com/api/?name=4cb9d0f762a0dcfc65c8dab860bdb124

ISO 11542-2:1998(E)

Annex B
(normative)

Method for determining the “double notch” Charpy impact strength

of PE-UHMW moulding material

©1SO

B.1 Sco

This annex
using doub
different no
a brittle bre
obtained by
(ISO 180).

NOTE Thig

he

specifies a method of determining the Charpy notched impact strength of PE-UHMW moulding
e notches. Other conventional standard methods, e.g. ISO 179-1 (determinationyof Charpy im
ch types) and/or ISO 8256 (determination of notched tensile-impact strength), ‘are not suitable
ak cannot be achieved for all UHMW polyethylenes. Complete brittle breakage of the test spe

this new method with a lower standard deviation compared to other-standard tests, inclu

procedure is a modification of ISO 179-1. The use of specimens with.sharp double notches can make

differentiatiop possible between UHMW polyethylenes.

B.2 Defi
B.2.1 Cha

notched sps
It is expresy

B.3 Prin

The test sp
impact midy

B.4 App
See ISO 17|

Use a pen
specimen (3

nition
py impact strength of double-notched specimens:

ecimen, referred to the original cross-sectional area of the specimen, at double notches (see fig
ed in kilojoules per square metre.

Ciple

ecimen, supported as a harizontal beam, is broken by a single swing of a pendulum, with t
vay between the supports, directly into the notch, with a flatwise direction of blow.

aratus
0-1 exceptthat the span between the supports shall be 70 mm.

Hulum, ~hraving an energy of 50 J, in accordance with 1SO 179-1 and a device for notching
ee figure B.1).

material
pact with
because
cimens is
ling Izod

significant

The impact energy absorbed in bieaking a

ure B.1).

ne line of

the test

B.5 Test specimens

Prepare compression-moulding sheets using the conditions specified in table 1 of this part of ISO 11542. From the
sheets, machine test specimens, measuring 120 mm x 15 mm x 10 mm, in accordance with ISO 2818.

For the preparation of the notches on both sides of the test specimens, use a suitable notching device with a thick
(0,23 mm + 0,03 mm) single-edged razor blade with 14° + 2° included angle at the cutting edge. Make notches
3 mm deep in the middle of the specimens. An example of a suitable device is shown in figure B.1. The notching
speed shall be less than 500 mm/min and a new blade shall be used after notching 40 specimens. A set consisting
of four specimens is sufficient for testing. Condition the test specimens as describe in ISO 179-1.

12
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