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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.

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Plastics — Determination of dynamic mechanical
properties —

Part 10:
Complex shear viscosity using a parallel-plate oscillatory
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Scope

5 part of ISO 6721 specifies the general principles of a method for determining th
blogical properties of polymer melts at angular frequencies typically in-the range of 0,0
rad-s-1 by means of an oscillatory rheometer with a parallel-plate geometry. Angular f

amic rheological properties: complex shear viscosity n* dynamie shear viscosity 1, the o
ponent of the complex shear viscosity n”, complex shear modulus G*, shear loss mod
hr storage modulus G'. It is suitable for measuring compléx'shear viscosity values typ
MPa:-s (see Note 2).

E1 Theangular-frequency measurementrange is limited by the specification of the measuring
also by the response of the specimen. When testing using angular frequencies lower than 0,1 rad|

can increase significantly as the time taken to obtaina single measurement is proportional to th

e specimen is more likely to occur and have an efféct on the results. At high angular frequencies, t
distort or fracture at the edge, consequently.invalidating the test results.

E2 The range of complex shear viscosity values that can be measured is dependent on t}

ensions and also the specification of.the measuring instrument. For a specimen of given dim
er limit of the range is limited by~the machine’s torque capacity, angular-displacement res

Normative references
following documents, in whole or in part, are normatively referenced in this docume
rences, theJatest edition of the referenced document (including any amendments) applig

472, Plastics — Vocabulary

57251, Accuracy (trueness and precision) of measurement methods and results — Par{

e dynamic
1 rad-s-1to
requencies

bide this range can also be used (see Note 1). The method is used to determine values of the following

1t-of-phase
us G”, and
cally up to

instrument
s-1 the test
e reciprocal
ymerization
e specimen

e specimen
bnsions, the
lution, and

nt and are

spensable for<its application. For dated references, only the edition cited applies. F¢r undated

S.

1: General

prin

riplpc and dpfin itions

[SO 6721-1, Plastics — Determination of dynamic mechanical properties — Part 1: General principles

3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 6721-1, SO 5725-1, [SO 472,
and the following apply.

31

controlled-strain mode
testing by applying a sinusoidal angular displacement of constant amplitude
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3.2
controlled-stress mode
testing by applying a sinusoidal torque of constant amplitude

3.3
complex shear viscosity

r}*

ratio of dynamic stress, given by o(t) = g exp iwt, and dynamic rate of strain where the shear strain
y (t) is given by y(t) = yo exp i(wt - 6), of a viscoelastic material that is subjected to a sinusoidal vibration,

where o¢ and y g are the amplitudes of the stress and strain cycles, w is the angular frequency, § is

the

phase ang:[ between the stress and strain, and ¢ 1s time

Note 1 to enftry: It is expressed in pascal seconds.
3.4

dynamic shear viscosity

r’!

real part of the complex shear viscosity
Note 1 to enftry: It is expressed in pascal seconds.

3.5
out-of-phase component of the complex shear viscosity

”

n
imaginary |part of the complex shear viscosity

Note 1 to enftry: It is expressed in pascal seconds.

4 Prindiple

en is held between two concentric, circtlar parallel plates (see Figure 1). The thicknes
n is small compared with the diameter of the plates.

constant angular frequency. These are\referred to as “controlled-stress” or “controlled-strain”
modes, respectively. When using the controlled-stress mode, the resultant displacement and the ph
shift betwg¢en the torque and displa¢ement are measured. When using the controlled-strain mode,
resultant tprque and the phase shift between the displacement and torque are measured.

The complex shear modulus)G*, shear storage modulus G’, shear loss modulus G”, phase angle 6,
correspondling shear viscosity terms (see Clause 3) are determined from the measured torque

s of

en is subjected to either a .sinmusoidal torque or a sinusoidal angular displacemenft of

test
ase
the

and
and

displacemgnt and the\specimen dimensions. In deriving these values, it is assumed that the specimen

exhibits a linear-viScoelastic response.

The mode ¢f oscillation used is designated as oscillatory mode I (see ISO 6721-1, Clause 4).

5 Apparatus

5.1 Measurement apparatus

The measurement apparatus shall consist of two concentric, rigid, circular parallel plates between
which the specimen is placed (see Figure 1). One of these plates shall be made to oscillate at a constant

angular frequency while the other remains at rest.

The requirements on the apparatus are that it shall permit measurement of the amplitudes of

the

torque and the angular displacement and the phase difference between them for a specimen subjected

to either a sinusoidal torque or a sinusoidal displacement of constant angular frequency.

2 © IS0 2015 - All rights reserved
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A torque-measuring device shall be connected to one of the plates, thus permitting measurement of the
torque required to overcome the viscoelastic resistance of the specimen.

An angular-displacement measuring device shall be fitted to the moving plate, thus permitting
determination of its angular displacement and angular frequency.

The apparatus shall be capable of measuring the torque to within #2 % of the minimum torque
amplitude used to determine the dynamic properties.

The apparatus shall be capable of measuring the angular displacement to within +20 x 10-6 rad.

Th 4+ Laolll L1 £ 3 AN ] £ s 8 e I VAN S L 1 t l
gappdaratt s STraliT DT CapauTC OT IITCaSUT TS CHIC dITguTar IT CHUCTIC Yy TUT VIt =2~ /70 OT LT doS plute value.

D
Key
1 |testspecimen
w |angular frequency
d |specimen thickness
D |diameter of plate

Figure 1 — Parallel-plate rheometer geometry

5.2 Temperature-controlled enclosure

Hedting may be provided by the use of forced convection, radio-frequency heating, or other suitable
meqns.

An pnvironmental chamber surrounding the plate/specimen assembly can be used to provide specific
tesf envirohinents, for example a nitrogen atmosphere.

Check-that the chamber is not in contact with the plate/specimen assembly.

5.3 Temperature measurement and control

The test temperature shall preferably be measured using a device that is either in contact with or
embedded in the fixed plate.

The test temperature shall be accurate to within £0,5 °C of the set temperature for set temperatures
up to 200 °C, within +1,0 °C for temperatures in the range 200 °C to 300 °C, and within #1,5 °C for
temperatures above 300 °C.

The temperature-measuring device shall have a resolution of 0,1 °C and shall be calibrated using a
device accurate to within +0,1 °C.

© IS0 2015 - All rights reserved 3
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5.4 Plate/specimen assembly

The plate/specimen assembly comprises two concentric, circular parallel plates with the specimen
held between them. The plates shall have a surface finish corresponding to a maximum roughness of
Ra = 0,25 pm and shall have no visible imperfections.

The results may be dependent on the type of material that is used to form the surfaces of the plates.
This can be identified by testing using plates with different surface materials.

The plate diameter, D, is typically in the range of 20 mm to 50 mm. It shall be measured to within +0,01 mm.

ithin
that
nize
y to
due
[ing

The speci —
+0,01 mm.|It is recommended that the specimen thickness lie in the range of 0,5 mm to 3 mm and
the ratio of the plate diameter to the specimen thickness lie in the range of 10 to 50 in order tp,minin
errors in the determination of properties. For low-viscosity polymeric liquids, it may be necéssar
employ dimensions outside these recommended ranges. The total variation in the plate separation
to non-parpllelism of the plates shall be less than 0,01 mm. Variation in the plate separation du
testing shafll be less than +0,01 mm.

The plates
separation|

shall be sufficiently flat to enable the requirement on the total variation in the plate
due to non-parallelism of the plates be less than +0,01 mm.

5.5 Calibration

lar-
ons
r, in
the

The rheomleter and test geometries shall be calibrated periodically by measuring the torque, angu
displacemdnt, angular-frequency and temperature response of the'machine and the relevant dimens
of the geomnetries, or checked by using reference liquids of &nown viscosity or complex viscosit}
accordance¢ with the instrument manufacturer’s instructious. It is preferable that the viscosities of

reference 1
that are to

Itis prefer

NOTE

6 Samp

The sampl
the rheomg

As the test

jquids used for checking the calibration span-the range in viscosity values of the specin{
be measured.

hble that calibration be carried out at thetest temperature.

tuidance on verification of the perfermance of the instrument is given in Annex B.

ling

ng procedure, including any special methods of specimen preparation and introduction
ter, shall be as speeified in the relevant materials standard or as otherwise agreed.

specimens are typically small, being of the order of 3 g to 5 g, it is essential that they

representative of the material being sampled.

If samples
prevent or

or specimens are hygroscopic or contain volatile ingredients, then they shall be store
minimize any changes in viscosity. Drying of samples may be required prior to prepa

ens

nto
are

l to
ing

test specinllens.

The test specimens shall be in the form of a disc when produced by injection or compression moulding or
by cutting from sheet. Alternatively, they may be formed by placing pellets or liquid or molten polymer
between the plates. The specimen may be introduced in the molten state only if it is not sensitive to
oxidation or loss of volatile matter.

The specimen shall not contain any visible impurities or air bubbles. The specimen shall not show any
obvious discolouration prior to or after testing.

© ISO 2015 - All rights reserved
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Procedure

Test temperature

Generally, because of the temperature dependence of viscosity, measurements for comparison purposes
shall be carried out at the same temperature. Details shall be as specified in the relevant materials
standard or as otherwise agreed.

7.2

Zeroing the gap

Allgw the apparatus to come to thermal equilibrium at the desired test temperature. The|

eq
ind

7.3
The

in (
edg]

ilibrium time is 15 min to 30 min. Bring the plates into contact with each othér -§
cator to zero.

Introducing the test specimen

specimen shall be loaded into the instrument in either the solid or the'\molten state 4
lause 6. It shall completely fill the gap between the two plates. Any excess material
es of the plates shall be removed before testing is started. The specimen may need to

suggested
et the gap

s specified
round the
be slightly

pezed after trimming to promote good contact, but precaution$shall then be taken to ¢nsure that

specimen does not extend beyond the edges of the plates.

squ
the

The
Thi
ass
pre

mperature.
/specimen
rature, the

specimen and plates shall then be allowed to reach thérmal equilibrium at the test te
5 period of time is referred to as the preheat time. Fortany particular instrument, platg
bmbly geometry, polymer type, sample thickness, 10ading procedure, and test tempe
heat time shall be determined by repeating the méasurement but using a preheat time that is 10 %
greater (see note). If there is no change in the measured values of the complex shear modulus G*,
shepr storage modulus G’, and shear loss moduluis G”, then the preheat time is sufficient for thermal
equiilibrium to have been established.

NOTE This check can be incorporated into the time-sweep test for thermal stability of the sample (see 7.6).

Wh
thid
sha

en the instrument and specinien' have reached the test temperature, measure thg specimen
kness, d, which is equivalent to.the plate separation (see 5.4). This value of the specimen thickness
1 be used in all calculations;

7.4 Conditioning thetest specimen

The
for

test specimen may be conditioned before testing by holding it at zero shear at the test tg
h specified pefiod of time and/or by pre-shearing.

mperature

7.5 Testinode (controlled stress or controlled strain)

lled-stress

Megsufements are made using instruments either in a controlled-strain mode or in a contrg
modle:

In the controlled-strain mode, a sinusoidal displacement is produced at constant angular frequency, and
the resultant sinusoidal torque and the phase shift between the torque and displacement are measured.

In the controlled-stress mode, a sinusoidal torque is applied at constant angular frequency, and the
resultant sinusoidal displacement and the phase shift between the torque and displacement are measured.

Measurement of the dynamic rheological properties of specimens in accordance with this part of ISO 6721
is restricted to the linear-viscoelastic region of behaviour. Linear-viscoelastic behaviour is defined, for
the purposes of this part of ISO 6721, as behaviour in which the viscosity or modulus is independent of
the applied stress or strain. This assumption is necessary for the analysis of the test data. It is therefore
necessary for the amplitude of oscillation in the controlled-stress or controlled-strain modes to be set
such that the deformation of the specimen occurs within the linear-viscoelastic region.

© ISO 2015 - All rights reserved
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For methods of determining the limits of the linear-viscoelastic behaviour region, see 7.7.

7.6 Determination of thermal stability of sample material

Before testing a particular material, carry out a timed run at the test temperature to determine the
thermal stability of the material. The run shall be made using the same plate/specimen assembly
geometry, and angular frequencies and torque or angular displacement similar to those to be used in
subsequent testing. [t may be necessary to carry out runs at more than one frequency of oscillation (see
Note 1). The thermal-stability time is defined as the time taken from the start of the run to the point in
time at which any of the measured values of G*, G’, and G” have changed by 5 % from their initial value
(see Note - i i ; ple
500 s at 25p °C and 1 rad/s. Subsequent measurements on new specimens from the same sample dbf
temperatufe shall be completed in a time shorter than the thermal-stability time.

NOTE 1 pecimen-degradation effects on rheological properties are normally most easily identifiable w
testing at low frequencies of oscillation.

NOTE 2 It might be necessary to discard initial spurious results when determining the;initial modulus values.

lity
fate
een

For some 1
time due t
the percen
determine

haterials, it might not be possible to obtain the desired results withinl the thermal-stab

rapid degradation or crosslinking of the material. In such cases, the test report shall s
tage change in modulus occurring over the duration of the {est, this value having b
l from timed runs.

7.7 Detérmination of region of linear-viscoelastic behaviour

7.7.1 Infhe controlled-strain mode

When worlking in the controlled-strain mode, deterimine the maximum permissible amplitud¢ of

oscillation
assembly g
testing. It 1]
check for a
specimen
a strain, m

Measure t
functions g
for measur

by performing a strain sweep. The strainsweep shall be made using the same plate/speciln

eometry, and angular frequency and témiperature similar to those to be used in subseq
hay be necessary to carry out strainahéasurements at more than one oscillation frequend
hy dependence of the limit of linear-viscoelastic behaviour on the angular frequency. Test]
y increasing the amplitude of oscillation over a range of values, preferably commencing {
basured at the edge of the plate, of not more than 1 %.

he complex shear moduluis G* shear storage modulus G’, and shear loss modulus G
fthe amplitude of oscillation to determine the maximum permissible amplitude of oscilla
ements within thelinear-viscoelastic region.

The maxi

en
ent
y to
the
vith

as
Fion

um value ofthe strain to be used in actual testing shall be less than the lowest valug of

the strain pt which atdifference of 5 % occurred in the values of any of the parameters G* G’, o

compared

ith theixr values in the linear-viscoelastic region. If it is not possible to determine proper

within the[linearsviscoelastic region, this shall be stated in the test report.

NOTE

. Gn
ties

or’some materials, the linear-viscoelastic region is confined to very small strains. The associ

hted

measurement errors prevent properties being determined reliably in this region.

7.7.2

In the controlled-stress mode

When working in the controlled-stress mode, determine the range of linear-viscoelastic behaviour by
performing a stress sweep. The stress sweep shall be made using the same plate/specimen assembly
geometry, and angular frequency and temperature similar those to be used in subsequent testing. [t may
be necessary to carry out measurements at more than one frequency to check for any dependence of
the limit of linear-viscoelastic behaviour on the angular frequency. Test the specimen by increasing the
torque over a range of values, preferably commencing with a torque that results in a strain, measured at
the edge of the plate, of not more than 1 %.

© ISO 2015 - All rights reserved
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Measure the complex shear modulus G* shear storage modulus G’, and shear loss modulus G” as
functions of the torque to determine the maximum permissible torque for measurements within the

line

ar-viscoelastic region.

The maximum value of the applied torque to be used in actual testing shall be less than the lowest value
of the torque at which a deviation of 5 % occurred in the values of any of the parameters G*, G’, or G”
compared with their values in the linear-viscoelastic region. If it is not possible to determine properties
within the linear-viscoelastic region, this shall be stated in the test report (see Note to 7.7.1).

7.7.

3 Confirmation of linear-viscoelastic behaviour

A fu
visd
the
out
the
inc

7.8

Wh
wh

Cha
the
rep

conpparing the results.

Ifd
tho
ren]

7.9

Wh
g00
bet

Wh
cha
mal

See

7.1

rther check may be carried out to confirm that measurements have been made within
oelastic region. Assuming such behaviour, then for an applied sinusoidal displacemen
resultant output of torque or displacement, respectively, will also be sinusoidal. A non|
put indicates that the behaviour is nonlinear. In such cases, the assumptions made'in the
experimental data are not valid and consequently, the modulus and viscosity values dete
rrect. If such checks have been made, this shall be stated in the test repor't!

Frequency sweep

bn carrying outa frequency sweep on a specimen, itis necessary t@'check for degradation,
n testing at low frequencies, and for distortion or fracture of the specimen at high frequd

nges in the specimen due, for example, to degradationycrosslinking, or melt fracture
test results. The effect of such changes can be identified by carrying out at the end
bat measurement on the same specimen at the conditions used at the start of the tes

stortion of the specimen at the edges of thegplates, commonly known as melt fracture, o
be measurements shall be invalid. However, results obtained prior to distortion of th¢
ain valid.

Temperature sweep

bn carrying out a temperature sweep from a low to a high temperature, it is necessary
d physical contact between the specimen and the plates, preferably by melting the
veen the plates prior to‘testing, and cooling to the starting temperature as necessary.

en performing temipérature sweeps, consideration shall be given to applying a correct
hge in dimensiels of the assembly due to thermal expansion. Some systems have softv
kes this corregtion automatically using the coefficient of linear expansion of the fixture.

also 7.8 concerning degradation and distortion of the specimen.

0 -Air entrapment

the linear-
f or torque
-sinusoidal
analysis of
'mined are

articularly
ncies.

can affect
of a test a
F, and then

ccurs, then
b specimen

r to ensure
specimen

ion for the
vare which

Where possible, after the test, check the integrity of the sample for any bubbles, etc. that might have
affected the results.

8

8.1
D
d

©IS

Expression of results

Symbols used
plate diameter, expressed in metres

plate separation, expressed in metres

02015 - All rights reserved
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T torque, expressed in newton metres
0 angular displacement, expressed in radians
W angular frequency (of oscillation), expressed in radians per second (w = 2 mf where fis the fre-

quency in Hertz)

o shear stress, expressed in pascals
y shear strain, expressed as a dimensionless number
G shedr storage modulus, expressed in pascals

G” shead

G* comjplex shear modulus, expressed in pascals

n dyn

n out-

n* compplex shear viscosity, expressed in pascal seconds

) pha
t timg

8.2 Calc

For alinea

o(t)=

resulting i a harmonic strain y(t) given by{Fermula (2):

r loss modulus, expressed in pascals

hmic shear viscosity, expressed in pascal seconds

bf-phase component of the complex shear viscosity, expressed in pascal seconds

e shift or loss angle, expressed in radians

, expressed in seconds

ulation of complex shear modulus and complex shear viscosity
-viscoelastic fluid subjected to a harmonic.stress o(t), given by Formula (1):

D) exXpimt (M

v (t)=10expi(ot—35) (2)
where
oo and|yo are the amplitudes of the stress and strain, respectively;
W is the angular frequency;
1) is thesxphase shift or loss angle between the stress and strain.
The follow|ng-quantities can be defined:
— shear storage modulus G'=cqgcos(8)/yg
— shear loss modulus G'=0 sin(é’)/yo
— complex shear modulus G*=G"+iG"
— dynamic shear viscosity n'=G0"o
— out-of-phase component of the complex shear viscosity n" = G'/a)
— complex shear viscosity n*=n"—in"
8 © IS0 2015 - All rights reserved
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where

I isdefinedby i=+-1.
Furthermore, it can be shown that

G*=ion* (3)

For forced oscillation of a parallel-plate assembly and assuming a linear-viscoelastic specimen response,
the equation of motion governing the flow is given by Formula (4):

To :(nD4/32d)[G’(a))+iG"(a))]GO exp(—id) 6))

whére
To isthe amplitude of the torque;
0o isthe amplitude of the angular displacement.

Formula (4) assumes that the inertia and compliance terms are small. The errors associated|with these
assyimptions are generally small when testing polymer melts{ patrticularly when using Iqw angular
frequencies and when the stiffness of the specimen is low conipared with that of the maching.

NOTE Corrections for the inertia and compliance terms.dare proposed by various authors, fpr example,
Refgrences [1], [2], [3].

Thys, for a given angular frequency, the shear stordge modulus G’ and shear loss modulus ({” are given
by Formula (5) and Formula (6):

G'=32dT, cos(5)/6ynD* (5)
G"=32dT, sin(5)/6ynD* ©)

Theg phase shift § is determinéd experimentally.

From the relationships hetween the shear moduli and the viscosities presented above, Formla (7) and
Formula (8) can be derived:

' =32dT, sinf8)/ w0ynD* (7)

n"=32dT, cos(6)/a)00nD4 (8)

Forlapangulardisplacementd the strainyinthe specimenatthe edge ofthe plate isgiven by Eormula (9):

y = 0Df2d 9)

Generally, commercial instruments use software to determine the values of the complex shear modulus
and its real and imaginary components from the raw data. The method by which they obtain and
analyse the raw data of torque and amplitude and the phase shift between the sinusoidal torque and
amplitude functions may vary. Also, the corrections for inertia and compliance effects, if applied,
may vary. Specification of these procedures is currently outside the scope of this part of ISO 6721.
Where procedures differ fundamentally from that presented here, the basis on which the instrument
determines modulus and viscosity values shall be stated in the test report.

© IS0 2015 - All rights reserved 9
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9 Precision

The precision data given in Table 1 were determined during a test programme carried out in 1995[4]
comprising 10 laboratories in total making measurements at three angular frequencies. s, and sg are
the repeatability and reproducibility standard deviations, respectively. r and R are the repeatability
and reproducibility limits, respectively (see ISO 5725-1). m is the mean modulus value at the given
angular frequency.

See results for the round robin test of two materials in Table 1: an unfilled high-density polyethylene
(PE-HD) and an unfllled polypropylene (PP). PE HD spec1mens were produced by compressmn

moulding \ o the
participants by the organlzer of the round rob1n The 1nstruments used 1ncluded both controlled strain
and controlled-stress type rheometers.
Table 1 —{Precision data for oscillatory rheometry of polyethylene and polypropylene polymers
Polyethylene at 190 °C, G’
Angular Mean, m Repeatability Reproducibility
frequency
rad-s Pa sr (%) r (%) sr (%) R (%)
1 6130 3,0 8,4 9,4 26,4
10 25500 2,0 55 89 24,8
100 91300 1,6 4,4 79 22,2
Polyethylene at 190 °C,G”
AngulIr Mean, m Repeatability Reproducibility
frequency
rad-s{ Pa sr (%) r (%) SR (%) R (%)
1 8320 1,6 4,5 8,5 239
10 28900 1,3 3,7 8,4 23,4
100 79 600 1,2 4,3 7,5 21,0
Polypropylene at 210 °C, G’
AngulIr Mean, m Repeatability Reproducibility
frequency
rad-s Pa sr (%) r (%) Sg (%) R (%)
1 1590 34 9,4 11,3 31,7
10 12 000 2,5 6,9 10,5 29,3
100 47 800 2,5 7,1 9,3 26,1
Polypropylene at 210 °C, G”
Angular Mean, m Repeatability Reproducibility
frequency
rad-s-1 Pa sr (%) r (%) sg (%) R (%)
1 3880 2,4 6,6 10,3 28,8
10 15400 2,4 6,8 9,5 26,7
100 36 000 2,7 7,7 9,1 25,6

The uncertainties of measurements carried out in accordance with this part of ISO 6721 are

detailed in Annex A.

10
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10 Test report

The test report shall include the following information:

a)
b)
c)
d)
e)
f)
g)

h)
)
j)
k)
1)

m)

p)

q)

reference to this part of ISO 6721, i.e. ISO 6721-10;
test reference number;
date of the test;

all details necessary to identify the operator;

all details necessary for identification of the material tested;

details of preparation and loading of the specimen between the plates;

description of the rheometer used, including the plate diameter, plate separation, and the material

forming the plate surface;

test temperature, in degrees Celsius;

preheating time, in seconds;

details of the equilibrating time and any pre-shear conditioning;
thermal-stability time, in seconds;

test duration, in seconds;

for testing using the controlled-stress modeyxthe value of the stress at the edge of
expressed in pascals

or

for testing using the controlled-strain mode, the value of the strain at the edge of
expressed as a dimensionless nuhiber;

any of the following, presented as functions of strain amplitude, angular frequency, te
or time, as necessary:

— shear storage medulus G’, in pascals;

— shear loss madulus G”, in pascals;

— complex’shear modulus G*, in pascals;

— dynarmic shear viscosity 1, in pascal seconds;

—A out-of-phase component of the complex viscosity ", in pascal seconds;

the plate,

the plate,

mperature,

- LUlllplC)& VibLUbity II*, ill pdbbd‘l bCLUlldD,
— phase shift or loss angle 6, in radians;
— tand;

details of any corrections applied to the data;

any visual observations of melt fracture or degradation of the specimen, or entrapment of air

bubbles or other defects in the specimen;

any test conditions agreed on that deviate from this part of ISO 6721.

© ISO 2015 - All rights reserved
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Annex A
(informative)

Uncertainty limits

Given that the storage and loss moduli are given by Formula (A.1) and Formula (A.2):

o2

respective
Formula (A

6~|d?

6'(d"

where the
uncertaint
calibration
displacemg
measurem

To include
dependenc
the uncert

(I T, COSO

7} (A1)
Do D
4 Tosin0 514“5 (h.2)
PoT D
y, then the corresponding fractional uncertainties are giver~by Formula (A.3) jpnd
4):
2 2 2 5\05
HTo  +(cosd) +60,"+4xD (A.3)
0,5
+&2+(sin5)2+9_02+4x22) (h.4)
underlining indicates the fractional uncértainty in each of the terms. The fractignal
y is determined as the ratio of the uncergainty in the value of the term, due for example t¢ its

and/or resolution, to the value of the term. For example, for the measurement of an ang
nt of 20 x 104 rad at, say, an accutacy of +20 x 10-6 rad, the fractional uncertainty of]
bnt is 0,01.

contributions due to the uneertainty in the measurement of angular frequency, temperat
e, and the effects of degradation and nonlinear viscoelasticity, then the above expression;
hinties in the measurement of G’ and G” can be rewritten as Formula (A.5) and Formula (4

0,5
2 2 2 ’
- To + (cos8) 70, +4><1_)2+52+Q2+@2+5_L2] t

0,5
+52+(sin5)2+9_02+4><QZ+EZ+Q2+@2+5_L2)

1lar
the

ure
for
.6):

\.5)

\.6)

|b (©)
|

2

12

is the fractional uncertainty due to the error in the angular frequency;
is the fractional uncertainty due to the effect of temperature on the viscosity;
is the fractional uncertainty due to degradation effects;

is the fractional uncertainty due to the effect of nonlinear-viscoelastic behaviour.
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The fractional uncertainties in each of these parameters were determined using the values for each of
the parameters and the tolerances specified below:

Plate diameter, D 25 mm

Specimen thickness, d 1,5 mm

Strain at edge of plate 5%

Torfue 296 absoute
Angular displacement +20 x 10-6 rad

Plate diameter +0,01 mm

Platle gap +0,01 mm
Norl-alignment of plates 0,01 mm

Angular frequency +2 % absolute
Temperature, 6 +0,5 °C for 6 <200 2€

+1,0 °C for 200:2C < 6 <300 °C
+1,5 °C for 8,>300 °C
In determining the uncertainty in measurementsf G’ and G”, it was also assumed that

— |the terms cosé and sind had a maximum-uncertainty of 3 % for loss angles & over the ringe 17° to
73°14]

— |the effect of a 2 % error in the determination of the angular frequency had a 2 % effect on the
measured value of G’ and G”, %.€. that log(G') and log(G") were linear functions of log(angular
frequency) with a slope of 1;

— |degradation of the sample‘material and the error due to nonlinear-viscoelastic behavidur (related
to determining the limiting strain for linear-viscoelastic measurements) had eithera O Poora5 %
effect on measured-¢”and G” values representing the two extreme cases.

Given these assuniptions, then the uncertainties in the measurement of G’ and G" for varioys values of
the|temperature{dependence of the viscosity and the error in the temperature are given in} Table A.1.
For[the PE-HDB,'and PP samples used in the round robin,[4] it was estimated, from temperafure-sweep
data that the temperature dependence of the moduli was approximately 1 %/°C.

© IS0 2015 - All rights reserved 13
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Table A.1 — Uncertainties in the measurement of the storage modulus G’ and loss modulus G”

Temperature Error in temperature Uncertainty in measurement of G’ and G"”
dependence of +°C %
viscosity
%/°C
Assuming 0 % effect for | Assuming 5 % effect for
both degradation and both degradation and
nonlinear-visceelaste nophrear-viseselastc
behaviour behaviour
— 4,2 8,2
0,5 4,2 8,2
1,0 4,3 8,3
1,0 5,2 8,8

These uncdrtainties do not take into account errors due to specimen inertia, and.the instrument-relgted
factors of pon-parallelism and non-axial alignment of the plates, edge effects, machine inertia, pnd

machine cqmpliance. These factors will all increase the level of uncertaintyyin the measurements.

14
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Annex B
(informative)

Verification of rheometer performance

B.1

General
=enera:

Thi
with parallel plate geometries. Other means of carrying out such verifications can be'used.

This Annex does not provide normative instruction for calibration of instruments. Calibrs
cartied out by the instrument’s manufacturer, is both complex and extensive With differing

adopted, and carried out at agreed intervals. However, the user may wisl:to carry out ver
the performance of the instrument between calibrations. This Annex presents guidance for
and) as such, the principles described herein, when implemented in ajparticular measurems
may not provide the necessary accuracy and precision for calibration of the instrument. Th
such verifications shall be used as guidance and when combined with results of past verific

be ysed to infer trends in performance.

All the relevant parameters of the measuring system used:to calculate the stress and strail
and the temperature shall be verified using calibrated devices covering, for examfp
tenperature, displacement, time, and torque.

All |[geometrical parameters shall be verified fet* compliance with the tolerances stipul3
stapdard or by the manufacturer, e.g. geometry-surface finish.

If the measuring system includes a device-for adjusting the position of the two parts of
reldtive to each other (e.g. for adjusting,alignment), it shall preferably be included in the v
Meadns of measurement (e.g. an aligiment telescope) will be necessary for this purpose.

NO1
cali
proy

E It is necessary to knewsthe uncertainties in each of the component parameters th
pration in order to be able td assess fully the uncertainties in the measured rheological propertie
rided for by these verification procedures.

B.2| Verification'o0fthe gap separation of the rheometer plates

brt the rheometer plates into the instrument, taking care to ensure proper location of the
r mounts,

Insé
the

NO1
The

E1 . Any non-parallelism of the plates will result in a non-uniform gap around the perimeter g
meéstired values will depend on the rotational position of the rotating plate relative to the i

5 Annex provides informative guidance on verifying the performance of oscillatory rheonpeters used

tion, often
pproaches
ification of
rerification
bnt system,
b results of
ations, can

1 functions
le, length,

ted in the

[he system
erification.

rough their

. This is not

plates into

f the plates.
on-rotating

platpCFhis needs to be included in the verification assessment.

Inspect and clean the plates, as necessary, prior to performing the gap zero setting and gap

separation

verification. The plates shall be clean and free from any defects that might affect the measurements.

Allow the instrument and plates to come to thermal equilibrium at ambient conditions.

NOTE 2

Astesting is often carried out at elevated temperatures, the effect of the thermal sensitivity (expansion

or contraction) of the gap due to temperature changes of the instrument and geometries needs to be considered.
Some modern instruments’ software can be used to apply corrections for thermal expansion and contraction
effects. From a practical perspective, it is more convenient to verify the gap separation at ambient conditions.

For a given rotational position of the rotating plate relative to the fixed plate, set the zero gap position
and zero the gap reading of the instrument, where applicable, in accordance with the instrument
manufacturer’s guidelines. Once complete, re-check the zero setting.
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