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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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INTERNATIONAL STANDARD

ISO 11443:2014(E)

Plastics — Determination of the fluidity of plastics using
capillary and slit-die rheometers

1 Scope

This International Standard specifies methods for determining the fluidity of plastics melts subjected
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g plastics melts in accordance with these methods is necessary since the fluidity ef'p
nerally not dependent solely on temperature, but also on other parameters, in particuld
hear stress.

mnethods described in this International Standard are useful for determining melt visd
h-s to 107 Pa-s, depending on the measurement range of the pressure and/or force tra
hechanical and physical characteristics of the rheometer. The sheaf vates occurring
meters range from 1 s-1to 106 s-1.

bational effects at the die entrance cause extrudate swelling’atthe die exit. Methods f|

extrfidate swelling have also been included.

The

rheological techniques described are not limited te the characterization of w|

therinoplastics melts only; for example, thermoplastics exhibiting “slip” effects[11{2] and th
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ics can be included. However, the methods used for‘determining the shear rate and shge
hvalid for materials which are not wall-adhering-Nevertheless, this International Stan
to characterize the rheological behaviour ofsuch fluids for a given geometry.

Normative references

following documents, in whole ©pin part, are normatively referenced in this docunj
pensable for its applications For dated references, only the edition cited applies. I
ences, the latest edition of-the referenced document (including any amendments) appl

133-1, Plastics — Determination of the melt mass-flow rate (MFR) and melt volume-flow 1
hoplastics — Part 1--Standard method

133-2, Plastics~--Determination of the melt mass-flow rate (MFR) and melt volume-floy
brmoplasticsE=-Part 2: Method for materials sensitive to time-temperature history and/o

287, Geemetrical Product Specifications (GPS) — Surface texture: Profile method — Term
urfacetexture parameters
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ISO 6

507-1, Metallic materials — Vickers hardness test — Part 1: Test method

[SO 11403-2, Plastics — Acquisition and presentation of comparable multipoint data — Part 2: Thermal and
processing properties

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

3.1

Newtonian fluid

fluid
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for which the viscosity is independent of the shear rate and of time
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non-Newtonian fluid
fluid for which the viscosity varies with the shear rate and/or with time

Note 1 to entry: For the purposes of this International Standard, this definition refers to fluids for which the
viscosity varies only with the shear rate.

3.3

apparent shear stress

Tap

fictive shear stress to which the melt in contact with the die wall is subjected, expressed in pascals (Pa)

Note 1 to ent
area.

3.4

apparent shear rate

’)/ap
fictive shea
behaviour W

3.5

true shear
T

actual shear

Note 1 to ent

losses, or is diirectly determined from the melt-pressure gradient‘in-the channel.

Note 2 to ent

3.6
true shear
14

shear rate

Newtonian |
seconds (s

Note 1 to ent

3.7
viscosity

n
viscosity in

in pascal se

"y: It is calculated as the product of test pressure and the ratio of die cross-sectional area to @i

" rate that the melt at the wall would experience at the observed yolume flow rate
rere Newtonian, expressed in reciprocal seconds (s-1)

stress

stress to which the melt in contact with the die wall i$\subjected, expressed in pascalj

ry: It is estimated from the test pressure p by applying’corrections for entrance and exit pre
Fy: For the purposes of notation, the absence of-a¢subscript is used to denote true values.

ate

btained from the apparent shear rate y,, by taking into account the deviations
behaviour by appropriate eotrection algorithms (see Note to 8.2.2), expressed in recip

)

"y: For the purposesofinotation, the absence of a subscript is used to denote true values.

steady.shear, defined as the ratio 7 /7 of true shear stress 7 to true shear rate ¥, expré
fonds\(Pa-s)

e wall

if its

(Pa)

ssure

from
rocal

ssed

3.8

apparent viscosity

Nap

ratio 7 /y,, of apparent shear stress 7ap to apparent shear rate y,, , expressed in pascal seconds (Pas)

39

Bagley corrected apparent viscosity

NapB
ratio 7/ ¥,

of true shear stress 7 to apparent shear rate Vap » expressed in pascal seconds (Pa-s)
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3.10

Rabinowitsch corrected apparent viscosity

NMapR

ratio T, /v of apparent shear stress tap to true shear rate y, expressed in pascal seconds (Pas)

Note 1 to entry: This term is appropriate for use when testing with a single die of large length-to-diameter aspect
ratio for which entrance effects are negligible.

3.11
volume flow rate

Q

Volumn afmalt flowinathranah thoa dia narunittima avnraccadin cubicmillimaotrac narcac nd mm3 S
Re-e e oWt ou it peuiitttHiReexpresSeai-cunic iR etresper—Ses

3.12
swell ratio at room temperature
Sa
ratio| of the diameter of the extrudate to the diameter of the capillary die, heth measufed at room
temperature

3.13
swell ratio at the test temperature
St
ratio| of the diameter of the extrudate to the diameter of the eapillary die, both measuregl at the test
temperature

3.14
percent swell at room temperature
Sa
diffefence between the diameter of the extruded strand and the diameter of the capillary dig, expressed
as a percentage of the diameter of the capillary die, both measured at room temperature

3.15
percent swell at the test temperature
ST
diffefence between the diameter of the extruded strand and the diameter of the capillary dig, expressed
as a percentage of the diameter-0fthe capillary die, both measured at the test temperature

Note |1 to entry: Equivalent slit“die extrudate swell terms can be derived based on the thickng¢ss of slit-die
extrydate with reference to'the slit-die thickness.

3.16
preheating time
timelinterval bétween completion of charging of the barrel and the beginning of measurement

3.17
dwell time
timelinterval between the completion of charging of the barrel and the end of measurements

Note 1 to entry: In certain special cases, it can be necessary to note the dwell time at the end of each measurement
where more than one measurement per barrel filling is made.

3.18
extrusion time
time corresponding to the period of measurement for a given shear rate

3.19
critical shear stress
value of the shear stresses at the die wall at which any of the following occur:

— adiscontinuity in the curve plotting shear stress against flow rate or shear rate;

— roughness (or waving) of the extrudate as it leaves the die

© ISO 2014 - All rights reserved 3


https://standardsiso.com/api/?name=8764c35a0b99484a800e4903da88dee5

ISO 11443:

2014(E)

Note 1 to entry: It is expressed in pascals (Pa).

3.20

critical shear rate
shear rate corresponding to the critical shear stress, expressed in reciprocal seconds (s-1)

4 General principles

The plastics melt is forced through a capillary or slit die of known dimensions. Two principal methods
can be used: for a specified constant test pressure p, the volume flow rate Q is measured (method 1), or

oed constant volume flow rate Q the test pressure pis measured (mpfhnd 7) These methods

for a specifi

can be used with capillary dies (method A) and slit dies (method B). For full designation of thg test
method options, see Table 1.
Table 1 — Designation of test methods
. Preset parameter
Die cross sec- Vol fl
tion olume flow
Test pressure, p rate,
Circular
(capillary die) Al A2
Rectangular
(slit die) Bl g2
Measurements can be made using a range of values of the preset’)parameter (either applied test pregsure
in method 1} or volume flow rate in method 2).
If a slit die with pressure transducers positioned along its length and also upstream of the die entry is
used, then entrance and exit pressure drop values caidbe determined. If capillary dies of the same radius

but of varyimg lengths are used, then the sum of the.entrance and exit pressure drops can be determijined.

A slit die w
measureme

Recommeng
testing are j

NOTE In|
or else a corr
on assumptid

5 Appar

th pressure transducers positioened along its length is particularly suited for auton
hts using online computer evaluation.

ed values for capillary die-dimensions and for flow rates and temperatures to be us
resented either in the.relevant clauses below or in ISO 11403-2.

using a slit die, eitherthe aspectratio H/B between the thickness H and the width B of the slitis

pction for H/B (see-Annex A) is necessary. In the latter case, the calculated quantities are depe
ns made in defiving the correction formulae used, notably that elastic effects are irrelevant.

atus

5.1 Test device

1ated

ed in

small
hdent

5.1.1 General

The test device shall consist of a heatable barrel, the bore of which is closed at the bottom end by an
interchangeable capillary or slit die. The test pressure shall be exerted on the melt contained in this
barrel by a piston, screw, or by the use of gas pressure. Figures 1 and 2 show typical examples; other
dimensions are permitted.

5.1.2 Rheometer barrel

The barrel shall consist of a material resistant to wear and corrosion up to the maximum temperature
of the heating system.

© ISO 2014 - All rights reserved
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The barrel can have alateral bore for the insertion of a melt-pressure transducer close to the die entrance.

The permissible deviations in the mean bore diameter throughout the length of the barrel shall be less

than

+0,007 mm.

The barrel shall be manufactured using techniques and materials that produce a Vickers hardness
preferably of at least 800 HV 30 (see ISO 6507-1 and Note 1) and a surface roughness of less than
R, =0,25 pm (average arithmetic discrepancy, see ISO 4287).

NOTE 1

For temperatures up to 400 °C, nitrided steel has been found suitable. Materials of hardness values

lower than that specified but of sufficient corrosion and abrasion resistance have been found to be acceptable for
construction of the barrel and dies.

NOTH
singlq
bore
equil
lie in

5.1.3

5.1.3

diameter (D) and +0,025 mm for the length (L) (see Figure 1).

The
prefe
Ra =

The

NOTH
lengt

NOTH
mate

NOTH
radiyl
(0,0
impo
and 1|

2 Anincrease in barrel-bore diameter increases the number of measurements that can bé
e barrel filling and increases the shear rate range of the instrument. Disadvantages of using a
diameter are that larger sample masses are required and that the time necessaryyto'feach
brium throughout the sample is greater. The barrel-bore diameters of commercially“availabl
the range between 6,35 mm and 25 mm.

Capillary dies (method A)

.1 The entire length of the capillary die wall shall be machined‘to an accuracy of £0,00

capillary shall be manufactured using techniques andumaterials that produce a Vickd
rably of atleast 800 HV 30 (see ISO 6507-1 and Note 1t0 5.1.2) and a surface roughness
D,25 um (average arithmetic discrepancy, see 1SQ,4287).

rapillary opening shall show no visible machiniing marks nor perceptible eccentricity.

1 Diameters of capillary dies typically used lie in the range between 0,5 mm and 2 mm,
hs to obtain the desired L/D ratios. For testing of filled materials, larger diameters might be re

2
Fials.

Hardened steel, tungsten carbide, stellite, and hardened stainless steel are the most

3 The precision with whieh:tapillary dimensions can be measured is dependent upon both
s and the capillary length.;With capillaries of diameter smaller than 1,25 mm, the specif
D7 mm) is difficult to,ebtain. Due to the extreme sensitivity of flow data to capillary dim
Ftant that the capillary:dimensions, and the precision with which the dimensions are measurg
eported. This also-applies to the dimensions (thickness, width, and length) of slit dies (see 5.1

made with a
arger barrel-
temperature
e rheometers

7 mm for the

rs hardness
of less than

with various
quired.

common die

the capillary
ed precision
ensions, it is
d, are known

b).
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applied force or constant velocity 7  capillary die
thermal insulation 8 die-retaining nut
piston 9  optical sensor
barrel 10 temperature-controlled air chamber
heating coil 11 thermometer
pressure transducer 12 inlet angle

Figure 1 — Typical example of an extrusion rheometer used with a capillary die
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Dimensions in millimetres
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Figure 2 — Typical example of an extrusion rheometer used with a slit die

5.1.3.2 To determine the apparent shear rate j'/ap and the apparent shear stress 7ap with one capillary

die, the ratio L/D of the length L to the diameter D of the capillary die shall be at least 16 and its inlet angle
shall be 180°, unless otherwise specified by the referring International Standard. Only data obtained with
capillaries of the same inlet angle (¥1°), length (£0,025 mm), and diameter (0,007 mm) shall be
compared. The inlet angle is defined in Figure 1.

It is recommended that a die of length either 16 mm or 20 mm, diameter of 1 mm, and entry angle of
180° be used (see Note 1). Options for the die diameter of 0,5 mm, 2 mm, or 4 mm are permitted when
the recommjended value is not appropriate, for example for heavily filled materials. For dies of diameter
other than 1 mm, the recommended ratio of length to diameter (L/D) shall be the same, where posgible,
as that of the 1-mm-diameter die used in that instrument.

NOTE1 Di
limited by, th|

e lengths of 16 mm and 20 mm are most commonly used, the choice often being dependent on, and
e design of the instrument.

NOTE2 Fd
smaller diam

r a given value of the apparent shear rate, the effect of shear heating of the\melt is reduced by Yise of
eter capillary dies.

5.1.3.3 To
diameter (*
recommend
following coj

determine the true shear rate y and the true shear stress 7, capillary dies of the fame
D),007 mm) and inlet angle (+1°) and having at least two different L/D ratios selected fromn the
ed series L/D =0,25t0 1, 5, 10, 16, 20, 30, and 40 (see:also 8.4.2) are required, provided the
Inditions are met.
The use of o1

1ly two dies, of the same diameter (+0,007 mm) ahd inletangle (+1°), of L/D<5and L/D 2{16is

permitted W
i.e. these cof
(see 8.4). W

here the test conditions are such that the resultant Bagley plot is not significantly nonli
iditions having been established in advancefor each class of sample, by using additiona
hen using only two dies, the difference jithe L/D ratios of the two dies shall be at least

It is recomnjiended that, when using only two_dies to determine shear viscosity corrected for entj

pressure dr
of length-to
angle of 180

bp effects, a short die of length-t0-diameter (L/D) ratio in the range 0,25 to 1, and a lon
diameter (L/D) ratio in the range 16 to 20, both dies having a diameter of 1 mm and an ¢
°, be used. Options for the die'diameter, of 0,5 mm, 2 mm, or 4 mm, shall be permitted \

near,
dies
15.

ance
g die
entry
vhen

es of
that

the recommlended value of 1 mm is notappropriate, for example for heavily filled materials. For d
diameter other than 1 mm, the reeenmended ratios of length to diameter (L/D) shall be the same aj
specified fof the 1-mm-diameter-dies.

ation
rance

NOTE The procedure for'correction for entrance pressure drop effects (see 8.4) is based on an extrapo
of data to a die length of Zero; rather than by making the approximation that the short die yields the ent
pressure drop value.

5.1.4 Slit dies (method B)

5.1.4.1 The entire Iength of the slit die shall be machined to an accuracy of 0,007 mm for the
thickness, £0,01 mm for the width, and £0,025 mm for the length. As applicable, the distance between the
centres of the pressure transducers and the exit plane shall be determined to 0,05 mm. (See Note 3 to
5.1.3.1)

The die shall be manufactured using techniques and materials that produce a Vickers hardness
preferably of at least 800 HV 30 (see ISO 6507-1 and Note 1 to 5.1.2) and a surface roughness of less than
R, = 0,25 um (average arithmetic discrepancy, see 1SO 4287))

NOTE For slit die materials, see Note 1 to 5.1.2 and Note 2 to 5.1.3.1.

5.1.4.2 To determine the apparent shear rate )'/ap and the apparent shear stress 7,p, unless otherwise

specified by the referring International Standard, the slit die shall have a ratio H/B of the thickness H to
the width B of at most 0,1 and shall have an inlet angle of 180°. Only data obtained with slit dies of the

8 © ISO 2014 - All rights reserved
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same inlet angle (x1°), thickness (0,007 mm), width (0,01 mm), and length (*0,025 mm) shall be
compared.

5.1.4.3 To determine the true values of shear rate y and shear stress 7, slit dies conforming to the
specification given in 5.1.4.1 and 5.1.4.2 can be used in exactly the same way as capillary dies, i.e. using
the Bagley correction method modified accordingly (see 8.4). Alternatively, a slit die with pressure
transducers positioned along the length of its channel can be used to determine true shear stress values.

5.1.5 Piston

If a piston is used, its diameter shall be 0,040 mm #* 0,005 mm smaller than the barrel-bore diameter. It
can Be equipped with split or whole sealing rings in order to reduce melt backflow past the land of the
pistdn. The hardness of the piston shall be less than that of the barrel, but not less than37% HV 30 (see
ISO §507-1).

5.2 | Temperature control

For gll temperatures that can be set, the barrel temperature control shall’be designed such|that, within
the rpnge of the capillary die or slit die, as applicable, and the permissiblefilling height of thie barrel, the
temperature differences and variations measured at the wall do notexceed those given in Table 2 for
the duration of the test.

Tlable 2 — Maximum allowable temperature differences as a function of distance pnd as a
function of time

Temperaturedifference
from the set tempera- | Temperature variation
Test temperature, 6 . . .
oC ture as@ function of as a function of timea
distance2 °C
°C
<200 +1,0 *0,5
200<6<300 *1,5 +1,0
>300 +2,0 +1,5
a  For all positions within the range of the capillary die or slit die, as applicable, and the
permissible fillinghéight of the barrel, for the duration of the test.

The test device shall bedésigned so that the test temperature can be set in steps of 1 °C or less.
5.3 | Measuremeiit of temperature and calibration

5.3.1 Testtemperature

5.3.1.1- Method A: Capillary dies

When capillary dies are used, the test temperature shall be either the temperature of the melt in the
barrel near the capillary inlet or, if this is not possible, the temperature of the barrel wall near the
capillary inlet. It is preferable that the test temperature is measured at a position not more than 10 mm
above the capillary inlet. (See also 5.3.2.)

5.3.1.2 Method B: Slit dies

When slit dies are used, the die wall temperature shall be measured and taken as the test temperature.
This temperature shall be equal to the test temperature measured in the barrel to within the distance-
related and time-related temperature tolerances given in Table 2. (See also 5.3.1.1 and 5.3.2.)

© ISO 2014 - All rights reserved 9
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5.3.2 Measurement of test temperature

The tip of the temperature-measuring device shall be either in contact with the melt or, if this is not
possible, in contact with the metal of the barrel or die wall not more than 1,5 mm from the melt channel.
Thermally conductive fluids can be used in the thermometer well to improve conduction. Thermometers,
preferably thermocouples or platinum resistance sensors, can be placed as shown in Figure 1 and

Figure 2.

5.3.3 Temperature calibration

The temperature-measuring device used during the test shall read to within 0,1 °C and be calibrated

by means of a standard thermometer, with error Iimits of £0,T °C, while complying with the def

immersion
top with a lg

No liquids t
oil, shall be

5.4 Meas

5.4.1 Test

The testpre
inthemeltb
the test pre;
in which cas
all tests and|
determined
above the pi

NOTE It
all tests as th
equivalent td
measured th

If testing is
atmospherig
pressure trg

The force- o
nominal cap

5.4.2 Pre{

When using

$

rescribed for the thermometer concerned. For this purpose, the barrel can be filled't
w-viscosity melt.

hat can contaminate the die or barrel or influence the ensuing measurements; e.g. sil
1sed as heat transfer media during calibration.

urement of pressure and calibration

pressure

ssure shall be the pressure drop in the melt, measured as the difference between the pre
efore the capillary-die or slit-die inletand the pressure atthe die exit, as applicable. If pos
sure shall be measured by a melt-pressure transducer located near the entrance of th

should preferably be not more than 20 mm (see Note). Otherwise, the test pressure sh
by the force exerted on the melt, e.g. by the piston, that force being measured by a loa
ston (see B.1).

is important that the distance from the die entry face to the pressure transducer is kept constal
is will otherwise affect the pressuresdrép measured. The use of pressure transducers at a dis
that of the barrel diameter from theé die entry face can reduce fluctuations in the pressure

it can arise due to recirculatingflow above the die entry.

pressure, then the pressure at the die exit shall also be measured, preferably us
nsducer located immediately below the exit of the die.

I pressure-measuring devices shall be operated in the range between 1 % and 95 % of
acity.

sure drop along the length of the slit die

slit dies, the pressure profile along the length of the die shall be measured by flush-moy

nnnnnnnnnnnnnnnnnnnn Alongtha din o]l

th of
b the

cone

sure
sible,
b die,

e the distance from the pressure transducer to the-die entry face shall be kept constant for

h1l be
1 cell

Int for
tance
being

to be carried out by extruding to a channel or vessel pressurized to a pressure dbove

ng a

their

nted

melt-pressu

Alternatively, when slit dies not equipped with melt-pressure transducers are used, the sum of entrance
and exit pressure losses can be taken into account by employing the Bagley correction modified for slit
dies (see 8.4.3).

5.4.3 Calibration

External hydraulic test equipment can be used for the calibration of melt-pressure transducers. Load
cells shall be calibrated in accordance with manufacturer’s specifications. The maximum permissible
error in the reading of the melt-pressure transducers or load cells shall be both less than or equal to 1 %
of the full scale value and less than or equal to 5 % of the absolute value. The calibration of melt-pressure
transducers should preferably be performed at the test temperature.
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5.5 Measurement of the volume flow rate of the sample

The volume flow rate shall be determined either from the feed rate of the piston or by weighing the mass
of the sample extruded during a measured period of time.

If weighing is performed, the conversion to the volume flow rate shall be made by using the density of
the melt at the prevailing test temperature, the influence of the hydrostatic pressure on the density

being ignored.

The volume flow rate shall be determined to within 1 %.

Itis

ecommended that, for purposes of providing comparable data, the apparent shear rat

s and hence

flow
detel
plott]

NOTH
the p
small

rates used for testing are such that data at the true shear rates specified in ISO 114
'mined by interpolation. The apparent shear rates should be set at equispaced-.intg
ed logarithmically, and there should be at least two data points per decade of apparent

The specified maximum permissible error for determining the volume flow/'rate via th
ston can only be conformed to if, inter alia, the leakage rate between the piston and barrel
. Experience indicates that this can be achieved if the clearance between pjiston and barrel do

03-2 can be
rvals, when
shear rate.

b feed rate of
s sufficiently
Es not exceed

0,043 mm (see 5.1.5).

6 S$ampling

Fron} the material to be tested, a representative sample shalkbe taken for use as the test sample. The
number of determinations per single barrel filling depends‘on the moulding material unfler test and
shall| therefore be agreed upon between the interested parties. The temperature during|test sample
prepparation shall be less than that during the subsequent test.

7 Procedure

7.1 | Cleaning the test device

Befofe each measurement, ensure: that the barrel, transducer bores, where applicable,|piston, and
capillary orslitdie are free of adherent foreign matter. Make a visual examination to check for| cleanliness.

If solvents are used for cleaning, ensure that no contamination of the barrel, piston, and caj

die h

NOTH
provd
when

as occurred that mightinfluence the test result.

For the purpose of cleaning, circular brushes made of a copper/zinc alloy (brass) and ling
d satisfactorysHowever, the use of copper-containing materials can accelerate degradation o
testing polyethylene and polypropylene. Cleaning can also be performed by cautious burni

grap}

WA
undé

Standatrd
appropriate, and

7.2

ite on threads facilitates unlocking after the test.

NING~ The operating conditions chosen can entail partial decomposition of t}

illary or slit

n cloths have
F the polymer
ng out. Using

he material

r’test, or cause it to release dangerous volatile substances. The users of this In

shall provide appropriate means of protection.

Selection of test temperatures

ernational

stich risks as

It is recommended that, for the purpose of providing data for comparison or for modelling, data at three
temperatures be obtained (see ISO 11403-2). For any given material type, one of the temperatures used
should preferably be the same as that specified in the appropriate material designation or specification
standard for use in melt flow rate testing (see ISO 1133-1 and ISO 1133-2). For the other two temperatures,
itisrecommended that a temperature interval of 20 °C be used (see Notes 1 and 2). Both of the additional
temperatures can be either higher or lower than the recommended temperature as used for the melt
flow rate test (see ISO 1133-1 and ISO 1133-2), or one higher and one lower. However, other values can
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be used and can be preferable to use, depending on the specific grade of material and the application for
which the data are required.

NOTE1 From an analysis of CAMPUS databases, the average interval in temperature used to measure shear
viscosity ranged from 10 °C to 30 °C and was dependent on the material grade.

NOTE 2  Typical test temperatures for several materials are given in Table 3. These are listed for information

only. The most useful data are generally obtained at the temperatures used for processing the material. The shear
stresses and shear rates applied are also intended to closely approximate those observed in the actual processing.

Table 3 — Typical test temperatures

Material Tempsé'ature

Polyacetal 190 to 220
Polyacrylate 140 to 300
Polybutene-1 (PB-1) 150 to 230
Acrylonitrile-butadiene-styrene (ABS) 200 to.280
Cellulose esters 190

Polyamide PA66 250 to 300
Polyamide (not PA66) 190 to 300
Poly(chlorotrifluoroethylene) 265

Polyethylene and ethylene copolymers and terpolymers 150 to 250
Polycarbonate 260 to 300
Polypropylene 190 to 260
Polystyrene and styrene copolymers 180 to 280
Poly(vinyl chloride) 170 to 210
Poly(butylene terephthalate) 245t0 270
Poly(ethylene terephthalate) 275to 300
PMMA and copolymers 180 to 300
Poly(vinylidene fluoride) 195 to 240
Poly(vinylidene chloride) 150 to 170
Ethylene-vinyl aleohol copolymer 190 to 230
PolyetherethérKetone 340 to 380
Polyethetsulfone 360

7.3 PrepTration of samples

In cases where the fluidity of the melt depends on one or more factors, such as the residual monomer
content, gas inclusions, and/or moisture, apply pretreatment or conditioning procedures in accordance
with the referring International Standard and/or the relevant material standard, as applicable.

NOTE Examples of materials that can require special preparation regimes include poly(ethylene
terephthalate), poly(butylene terephthalate), and polycarbonate.

Allow the assembled apparatus to reach thermal equilibrium at the test temperature before applying
the final torque on the die (where applicable), then start charging (see Warning in 7.1).

To avoid air inclusions, introduce the sample into the barrel in separate small quantities, performing
intermediate compactions by means of a piston. Fill the barrel to within approximately 12,5 mm of the
top. Accomplish charging in not more than 2 min.
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Preheating

Immediately after charging the barrel, start the preheat timer. Either extrude a small portion of the
barrel charge at a constant pressure (method 1) or apply a constant volume flow rate until a positive
load or pressure is obtained (method 2). Then stop the extrusion or volume flow until a preheat time of
at least 5 min, unless otherwise specified by the referring International Standard, is completed. Check
that the preheat time used is sufficient to obtain thermal equilibrium of the test sample throughout the
volume of the barrel, for each material to be tested, either by ensuring that on increasing the preheat
time, the measured quantity (volume flow rate or test pressure, as applicable) at constant test conditions
does not change by more than +5 %, or by inserting a thermometer into the sample in the barrel and
ensuring that, within the specified preheat time, the sample temperature is equal to the specified test

temperature within the tolerance for the distance-related temperature difference given in ]

extr

meagurement.

7.5

To ¢

meagurement towards the end of the test on the same barrel charge, using the same condit

used
inva

Alternatively, for each sample and each test temperature, detérmine by testing, emplo)

diffe

corr¢sponds to the time span, from the end of charging-of the barrel, within which th
quarftity (volume flow rate or test pressure, as applicable) at constant test conditions doe
by miore than +5 % (see also 7.4.)

If defermination at all of the required values of t€st pressure or volume flow rate is not pos
the maximum permissible test duration of a single test, then make measurements stage by
several barrel fillings of the same sample (see Note 1 to 7.8).

NOTH For materials that are unstable,;in order to minimize the effect of changes on the mea
is rejommended that testing be carried out using a decreasing speed profile. The degree of comp
samplle can also influence its stability:

7.6

If the test pressure necessary to maintain a given volume flow rate is to be determined (s
and 7.8), use eitherf the following methods (see Table 1):

— 1nethod A2,)\using capillary dies;

7.7

de a small quantity of the substance under test, stop the piston, wait for 1 min, and

Determination of the maximum permissible test duration

heck that degradation or other processes are not affecting measurements, carry (

at the beginning of the test. Compare values obtained at the statt and end of the test.
flues is indicative of degradation or other processes affecting/measurements.

rent preheating times prior to the actual tests, the mhaXimum permissible test dur

Determination oftest pressure at constant volume flow rate: Method 2

able 2. Then
perform the

ut a repeat
ons as were
A difference

ring several
ation which
e measured
not change

sible within
stage, using

surements, it
action of the

be also 5.4.1

If, as an alternative to 7.6, the volume flow rate for a given test pressure drop is required (see also 7.8),
use either of the following methods (see Table 1):

— method A1, using capillary dies;

— method B1, using slit dies.
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ng periods during measurement

At each measurement, wait until the test pressure (method A2 or B2) or the volume flow rate (method Al
or B1) has become constant (e.g. to +3 %) over a given time period (e.g. 15 s).

NOTE 1

rate and test pressure.

NOTE 2

Itis recommended that selected measurements are repeated to check the repeatability.

7.9 Measurement of extrudate swelling

With a single barrel filling, it is generally possible to determine several pairs of values for volume flow

7.9.1 Gen

Measure thd
or after cool

NOTE
extrusion, th
length, diamd
details of the
identical.

The followi]

used. Althouyigh the procedures described are written for capillary:dies, they also apply by analo

slit dies.

7.9.2 Mea

The diametd
gravity, use

remove

extrude
end tha

The diameter of the extrudate is dependent on the flow rate, the test temperature, the time

eral
degree of extrudate swelling either at the test temperature during the extrusion prg

ing of the extruded strand to room temperature.

b manner of cooling (for the ratio at room temperature), the length of the extrudate, the capilla
ter, and entry geometry, and the barrel diameter. The results obtained.can be very sensitive {
measurement technique. Comparable results can only be obtained when all testing conditior

1g procedures give a measure of the degree of extrudate swelling. Other methods cg

surement at room temperature

r of the extruded strand is measured with:a‘micrometer. In order to minimize the effe
the following procedure:

any extrudate attached to the capillary die by cutting it off as close as possible to the ¢

F was extruded first;

when c

suspended in air, to room temperature;

7.9.3 Measurement at the test temperature

Use a photographic or optical method that involves no mechanical contact with the extruded straf

order to mininyize the effect of gravity use the Fn”n‘/\ling prnr‘ndnrn-

measurg the diameter efthe strand as close as possible to the marked end (outside the area defo
by cutting and markingj.

tting off the length of extrudate, hold it with tweezers and subsequently allow it to

cess,

since
"y die
o the
s are

n be
by to

"ts of

ie;

a length of extrudate not longér than 5 cm and cut off the length of extrudate, markinjg the

cool,

‘med

1d. In

or optic

NOTE

extrude a length of extrudate not longer than 5 cm;

al techniques.

remove any extrudate attached to the capillary die by cutting it off as close as possible to the die;

measure the diameter of the extruded strand at a fixed point below the die outlet by photographic

In order to minimize cooling of the extruded strand during the measurement of extrudate swelling, the

strand can be extruded into a temperature-controlled air chamber, such as that shown schematically in Figure 1.

14
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8 Expression of results

8.1 Volume flow rate

Calculate the volume flow rate @, in cubic millimetres per second, by means of one of the following
formulae:

Q=Av (1)
or
m
q=" 2
p (2)
where

A isthe piston cross-sectional area, in square millimetres;
t  is the velocity of the piston, in millimetres per second;
m is the mass flow rate of the sample, in grams per second;

p is the density of the sample at the test temperature, ifvgrams per cubic millimetre.

8.2 | Apparent shear rate

8.2.1 General

Calcylate the apparent shear rate y,,, in regiprocal seconds, at the die wall, using the formula given in
8.2.2 or 8.2.3, as applicable.

8.2.2 Method A: Capillary dies

_320

Nap = (3)
P D3
wherte
D is the diameter of the capillary die bore, in millimetres;
Q@ is th€ volume flow rate, in cubic millimetres per second (see 8.1).
NOTE In the case of Newtonian fluids, Formula (3) gives the true shear rate ¥ atthe capillary wall. As plastics

melts do not generally exhibit Newtonian behaviour, the quantity calculated using this formula is termed the
apparent shear rate )'/ap . The true shear rate ¥ can be determined from the apparent one )'/ap by a correction

procedure (see 8.5.1).

8.2.3 Method B: Slit dies
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6Q

- (4)

}}ap
where
B is the width of the die, in millimetres;

H is the thickness of the die, in millimetres;

Q isthe volume flow rate, in cubic millimetres per second (see 8.1).

See Note to B.2.2.

NOTE Farmula (4) is strictly true only for infinitesimally small thickness-to-width (H/B) ratios, The @ise of
Formula (4) dverestimates the apparent shear rate )'/ap by less than 3 %, however, if H/B < 0,1. A detailed analysis

of the correcfness of the approximation involved in using Formula (4), together with a cornection procedyre, is
given in Ann¢x A.

8.3 Apparent shear stress

8.3.1 Gengpgral

Calculate thie apparent shear stress tap, in pascals, at the die walhiusing the formula given in 8.3.2 or
8.3.3, as apyjlicable.

8.3.2 Method A: Capillary dies

pD
Tap = E (5)

where

p isthe test pressure, in pascals;
L  isthe length of the die, in millimetres;

D isthe diameter of the die;-in millimetres.

8.3.3 Method B: Slitdies

HB P
-] il 6
Fap 2(L1+B)XL (©)

p isthe test pressure above the die inlet, in pascals;

L  isthelength of the die, in millimetres;

B is the width of the die, in millimetres;

H is the thickness of the die, in millimetres.
NOTE The shear stresses calculated using Formulae (5) and (6) are apparent quantities because the pressure
drop along the length of the die is smaller than the test pressure p which is the sum of the pressure losses at

the die entrance, in the die, and at the die exit. True shear stresses can be determined by applying appropriate
corrections either to the test pressure p or to the die length L (see 8.4).
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True shear stress

8.4.1 General

The true shear stress can be obtained by using the Bagley correction method[3] (see 8.4.2 or 8.4.3, as
applicable), or can be determined directly if slit dies (methods B1 and B2) equipped with pressure
transducers are used (see 8.4.4).

If nonlinear Bagley or slit-die pressure-drop versus distance plots are obtained, a statement shall be
made to that effect in the test report. In such cases, shorter dies shall be used, unless otherwise specified
by agreement, in which case the procedure used shall be stated in the test report.

NOTH
visco

8.4.2
Dete
a) 1

b) 1

In using capillary-die or slit-die extrusion rheometers for measuring the shear visgosi
Lis dissipation and the pressure dependence of the viscosity can affect the results. Nonlinear pld

Bagley correction for capillary dies (method A)
Fmine the sum of the entrance and exit pressure losses using the following procedure.
For method A1, using at least two, but preferably more, capillary~diés of the same inl
Vap at the die wall as a function of the test pressure p (see Figure 3).

‘or method A2, using at least two, but preferably more,‘eapillary dies of the same inl

‘)

1

If w

capil
statq

NOTH
to fo
to mq
assuf

Extr

dista
shea

on t}ht

iameter but with different L/D ratios such that (L/D)y < (L/D)2, measure the test prd
unction of the apparent shear rate y,, atthe die walk

rom the data obtained in a) or b), as applicable; plot the test pressure p as a functig
ifferent values of the apparent shear rate (73, (see Figure 4). The so-called Bagley

esult have a slope that is four times the true shear stress.

en using long capillary dies, deviations from the straight line arise due to the influencg
e melt viscosity or due to viseous-dissipation effects, make the measurements u
lary dies, unless otherwise specified by agreement, in which case the procedure u
d in the test report (see Note'to 8.4.1).

The Bagley correction can be performed using suitable computer programs. It is then 1
low the data-plottingprocedure described above. However, if computers are used to appl
asured data, a graphi¢ printout of the Bagley plots can enable the operator to assess the v
nptions made (i.e(fe check that the Bagley lines are straight).

hipolate the Bagley line for each apparent shear rate Yap tozeropressure (see Figure 4)."

nce pc corresponds to the sum of the die-entrance and die-exit pressure losses at t
[ rate_J,, concerned.

y of plastics,
ts can result.

bt angle and

diameter but with different L/D ratios such that (L/D); < (L/D)z,determine the apparent shear rate

bt angle and
ssure p as a

n of L/D for
lines which

of pressure
bing shorter
sed shall be

ot necessary
y corrections
alidity of the

"he ordinate
he apparent
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log 7'/ap

(LID), (LID), (LID),

7ap2

Figure 3 —

}/ap1

logp

Application of the Bagley correction method[3] — Plot of the apparent shear rat¢

18

7ap

versus the test pressurep for different values of L/D
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p
7-/ap2
1 -
// 7}ap1
L/ID
S
QU o
o
Q
(L/D)g (LID), (LID), (LID)s | /D
(L/D)gy
Key
1 dlope=4rt
NOTH The melt pressure p is plotted as a function.@f.L/D for dies of the same diameter for diffefent values of

the apparent shear rate gy, .

Figure 4 — Schematic Bagley plot for capillary dies

Calcylate the true shear stress  for the apparent shear rate y,, of interest using either Foymula (7) or
Formula (8):

D
—(p—pc)ﬁ (7)

)

wherte
B» is thetest pressure, in pascals;

bc is\the pressure correction, in pascals;

D “1sthe diameter ofthe rapi]]:\ry die in millimetres;

L  isthe length of the capillary die, in millimetres.

Because the diameter D of the die is constant, the abscissa distances (L/D). represent die-length
corrections. Thus, as an alternative to Formula (7), the true shear stress 7 for the apparent shear rate
Vap of interest can be calculated using Formula (8):

. p
4[(L/D)+(L/D)C] ®)

where (L/D). is the die-length correction (dimensionless).
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8.4.3 Bagley correction for slit dies (method B)
Determine the sum of the entrance and exit pressure losses using the following procedure.

a) For method B1, using at least two, but preferably more, slit dies of the same inlet angle, width

, and

thickness, but of different lengths L such that L1 is less than Ly, determine the apparent shear rate

Yap at the die wall as a function of the test pressure p.

b) For method B2, using at least two, but preferably more, slit dies of the same inlet angle, width

, and

thickness, but of different lengths L such that Lj is less than L, measure the test pressure p as a

function of the apparent shear rate y,, at the die wall.

c¢) From the data obtained in a) or b), as applicable, plot the test pressure p as a function of L(H +.5

for diffgrent values of the apparent shear rate y,,. The Bagley lines which result has a slepe t}

twice the true shear stress (see Figure 5).

p
1
P
L (H + B)/HB L(H + B)YHB
Key
1 slope=7r
NOTE The test pressure p is plotted as a function of L(H + B)/HB for dies of the same width B and thickn
for a single value of the-apparent shear rate )'/ap .
Figure 5 — Schematic Bagley plot for slit dies

)/HB
hat is

essH

If, when using long slit dies, deviations from the straight line arise due to the influence of pressure

on melt viscosity or due to viscous-dissipation effects, make the measurements using shorter slit

dies,

unless otherwise specified by agreement, in which case the procedure used shall be stated in the test

report (see Notes to 8.4.1 and 8.4.2).

Extrapolate the Bagley line for each apparent shear rate ¥, to zero pressure. The ordinate distance pc

corresponds to the sum of the die-entrance and die-exit pressure losses at the apparent shear rate y,,

concerned.
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Calculate the true shear stress 7 for the apparent shear rate ,, of interest using either Formula (9) or
Formula (10):

HB __ (p-pc)
2(H+B) L

where

Because the die dimensions H and B are constant, the abscissa distances L¢(H + B)/HB re
length corrections. Thus, as an alternative to Formula (9), the true shear stress t for the apj

rate

whette Lc(H + B)/HB is the die-length correction (dimé&nsionless).

8.4.4 Direct determination using slit dies (method B)

From the longitudinal pressure gradient dp/dL measured using pressure transducers plac
length of the slit die, calculate the true shear stress t at the die wall using the following for1

wherte

8.5

H is the thickness of the slit die, in millimetres;

B__is the width of the slit die, in millimetres;

9

;I> is the test pressure, in pascals;
e is the pressure correction, in pascals;

1 is the length of the slit die, in millimetres.

Vap Of interest can be calculated using Formula (10):

p y HB
2(L+L.) (H+B)

HB dp
_ X
2(H+B) dL

ip is the longitudinal pressure gradient, in pascals per millimetre;

1L

B is thewidth of the slit die, in millimetres;

K s'the thickness of the slit die, in millimetres.

present die-
parent shear

(10)
ed along the
mulae:

(11)

True shear rate

8.5.1 General

Calculate the true shear rate y at the capillary-die or slit-die wall from the apparent shear rate by

applying the Weissenberg-Rabinowitsch correction methodl[4], using Formula (12) for method A (see
8.5.2) and Formula (13) for method B (see 8.5.3).

8.5.2 Method A: Capillary dies
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y dlogy
= Yap 34 87ap (12)
4 dlogt
dlogy,, .
where ———= is the slope of the curve logy,, = f(log7) .
dlogt

NOTE It is noted that the method by which this correction is applied, specifically either the choice of the
function used to fit the log }'/ap versus logt data from which the slope is determined or the use of an alternative
method of determination of the slope of the data, can result in significant errors in the corrected (true) values of

shear rate, and consequently true shear viscosity. This is particularly the case when the slope of the curve is large
or where the selected curve does not fit the data well, for example at the highest and lowest shear rate data points.

8.5.3 Method B: Slit dies

y dlogy
7= Yap 24 87ap (13)
3 dlogt
dlogy
where Efap is as defined in 8.5.2.
dlogt

See Note to B.5.2.

8.6 Viscosity
Calculate thg viscosity as the ratio of the shear stress to the shearrate.

If the ratio |s not derived exclusively from true quantities of shear stress and shear rate, then ope of
several appdrent viscosities will result. These shall be nained and identified by subscripts as defined in
3.8 to 3.10.

8.7 Determination of extrudate swelling

8.7.1 Measurement at room temperature

Calculate the extrudate swell ratio at'reom temperature S; and the percent swell at room temperature
Sa, using Forimulae (14) and (15):

D
s =2 14
=7 (a4
D.1+D
S, = aﬁ—xlOO% (15)
where

D, isthe extrudate diameter, in millimetres, measured at room temperature;

D is the capillary-die diameter, in millimetres, measured at room temperature.

8.7.2 Measurement at the test temperature

Calculate the swell ratio at the test temperature St and the percent swell at the test temperature sr,
using Formulae (16) and (17):

ST —__m (16)

22 © ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=8764c35a0b99484a800e4903da88dee5

NOTH
inste
to (17
inbo

Two
was

In th
used

ISO 11443:2014(E)

m _DT

s = %100 %

where

Dp, is the extrudate diameter, in millimetres, measured at the test temperature;

Dt is the capillary-die diameter, in millimetres, measured at the test temperature.

(17)

In the case of slit dies, these calculations can be made using the thickness (or width) of«
hd of the extrudate diameter and the die thickness (or die width) instead of the die diameter in §
). Since swelling can be different in the width and thickness directions, it should preferably b
h of these directions.

Precision

interlaboratory test programmes have been carried out. The first'interlaboratory test
fompleted in 1990, involving seven laboratories and two materials (PP and PVC).

e first interlaboratory comparison, two types of apparatus'and two measurement proc

4 rheometer measuring the extrusion pressure at the capillary inlet (four laborat
rtheometer measuring the force applied to the piston (two laboratories);

he shear rates applied during the tests were imiposed successively in decreasing order g
two laboratories) or increasing order (fourilaboratories).

atability was examined by two laberatories, and was found to be improved if the p
ured at the inlet to the capillary rather than determined from the force applied to thd
less good at low shear rates (<100 s-1) than at high shear rates (>100 s-1). Estimated

lary inlet can be disregarded if the inlet angle is 290°.

reproducibility of the-method was estimated by measuring, in seven laboratories, the
ht 180 °C and 190 °C-and that of PP at 210 °C and 240 °C. Reproducibility was found to
hear rates (<100°s;1) than at high shear rates (>100 s-1), being +20 % and +10 %, resp4

) an examination of the results, it can be seen that reproducibility is affected by
he orderin which the various shear rates are examined during a single test;

he’sensitivity of the pressure-sensor or force-sensor used: measurements cannot be

he extrudate
ormulae (14)
e determined

programme

bdures were

ries) and a

f magnitude

ressure was
piston, and
epeatability

10 % and +5 %, respectively. If long dies are used (L/D > 20), the effect of the geometry of the

viscosity of
be poorer at
ectively.

carried out

with the same precision at high pressures (high shear rates) and at low pressures (low

using the same sensor;

shear rates)

the method used to determine the shear stress: measurement of pressure at the capillary inlet is

preferred since it is more accurate.

The effect of the cleanliness of the capillary on the results was not investigated in these tes

© IS0 2014 - All rights reserved

ts.

In the second interlaboratory test programme, completed in 1996, 20 laboratories took part in total,
using polyethylene (PE) and glass-fibre-filled polypropylene (GFPP) sampleslél. The precision data
presented in Table 4 on the measurement and determination of extrusion pressure, entrance pressure
drop, and shear viscosity corrected for both entrance effects and non-Newtonian velocity profile were
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determined. Values presented are for 95 % confidence levels, these values having been determined
using a factor of 2,8 times the calculated standard deviation values.

NOTE1 The contraction ratio is defined as the ratio of the barrel diameter to the die diameter.

NOTE 2  The standard deviations and repeatability and reproducibility limits (95 % confidence values) were
determined in accordance with Reference [7].

NOTE 3  Seealso Annexes A to C.

Table 4 — Precision data for extrusion rheometry

Extrusion pressure measurement

Material Polyethylene Glass-fibre-filled polypropylene
Test temperdture, °C 190 230
Repeatability (95 % confidence) 20 % 38%

Shear viscsity measurement [corrected for entrance pressure drop and non-Newtonian velocity pro-
file (Weissenberg-Rabinowitsch correction)]

Test temperdture, °C 190 230
Repeatability (95 % confidence) 20 % 24 %
Reproducibility (95 % confidence) 28% 34 %

Entrance pressure drop measurement
Material Polyethylene Polyethylene Gﬁl)a;sl;-;i.lz)li)e};lf(ielrlzd
Test temperdture, °C 190 190 230
Contraction fatio 15 9,55 to 15,5 15
Reproducibility (95 % confidence) 42.% 50 % 56 %

10 Test report

10.1 Genefal
The test report shall include the following information, as applicable:
a) areference to this Intermiational Standard and any referring standards;

b) the infofmation specified in 10.2, 10.3, and 10.4, as applicable;

c) the datg of thetest.

10.2 Test ¢conditions

a) adescription of the material under test;

b) details of any conditioning or preparation of the material or sample, e.g. drying or compounding;
c) the method used (A1, A2, B1, or B2);

d) adescription of the rheometer used and its barrel diameter, Dy;

e) the diameter D, length L, and ratio of length to diameter L/D of the straight section of the capillary
die used, and the degree of precision of these measurements, if applicable;

f) the thickness H, width B, and length L of the slit die used, and the degree of precision of these
measurements, if applicable;

24 © ISO 2014 - All rights reserved
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g)
h)

j)

10.3 Flow characteristics

10.3|{1 General

ISO 11443:2014(E)

a description of the capillary-die or slit-die inlet angle profile;
a description of the technique used to measure the extrudate swelling;
the temperature at which the measurements were made;

the pressure below the die exit when extruding to pressures other than atmospheric pressure,
a description of the method used to obtain and measure this pressure, and the precision of
measurement of the pressure, if applicable;

the sample preheating time;

{he dwell time;
tthe dwell time corresponding to the appearance of an alteration in the material,if appljcable;
tthe maximum permissible test duration, if applicable;
the extrusion time;

etails of any deviations from the requirements of this International’Standard and ahy incidents
ikely to have influenced the results.

Repdrt whether the shear rate, the shear stress, and the viscosity are “apparent” or “true” yalues.

Repdrt the method of viscosity determination if the Bagley or pressure drop versus distance plots are

nonlinear.

For plastics which are not wall-adhering, present the results in the form of apparent shear sfress plotted

as a function of flow rate Q, or vice versa;

10.3{2 Graphical representation

The following plots can be included, as necessary:

g shear stress versuslog shear rate, or vice versa;
g viscosity versus log shear stress or log shear rate;
g viscosity versus the reciprocal of absolute temperature at constant shear stress or shear rate;

g viseosity versus temperature in °C at constant shear stress or shear rate;

geritical shear stress or log critical shear rate for each of the observed effects (see 3.9 and 3.20)
versus the reciprocal of absolute temperature;

log critical shear stress or log critical shear rate for each of the observed effects (see 3.19 and 3.20)
versus temperature in °C;

log volume flow rate versus log shear stress, or vice versa;

pressure versus die length;

pressure versus distance of pressure transducer from die exit (slit dies);

log pressure correction versus log shear stress or log shear rate or log volume flow rate;

capillary-die or slit-die inlet and exit pressure loss versus shear stress or shear rate or volume flow
rate;

© IS0 2014 - All rights reserved 25


https://standardsiso.com/api/?name=8764c35a0b99484a800e4903da88dee5

ISO 11443:2014(E)

— swell ratio at room temperature or at the test temperature versus shear rate or volume flow rate;

— percent

Apparent an

swell at room temperature or at the test temperature versus shear rate or volume flow rate.

d/or true values of shear rate, shear stress, and viscosity can also be presented.

10.3.3 Individual values

These can be given for a given series of test conditions, as necessary:

— shearst

ress, in pascals;

— shearrad

— viscositly, in pascal seconds;

— swell ratio at room temperature;

— percent

— swell ratio at the test temperature;

— percent

Apparent ar

10.4 Visud

te, in reciprocal seconds;

swell at room temperature;

swell at the test temperature.

d/or true values of shear rate, shear stress, and viscosity can also be presented.

1 examination

If visual exdmination is possible, report any change in the‘surface appearance of the extrudate (e.g.

break in floyv, distortion of extrudate), noting the test conditions at which the change occurs.

Such changg

the test rep¢rt as “visual” critical shear stresses.

In addition,

s can correspond to the critical shear stxesses. In this case, note the values individually in

if the material changes colour, réport the corresponding dwell time.

26
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Annex A
(informative)

Method of correcting for the influence of H/B on the apparent
shear rate

appr
ident

fore glves the apparent shear rate Wthh w1ll ex1st when the Volume flow rate in t
tion is Q over a distance B in the die-width direction and assuming that no flow 'ta
vidth direction or in the thickness direction. At finite ratios of H/B, Formula |(4) is
bximation, as shown in Figure A.1. This shows the ratio of the apparent sheat rates
ical volume flow rates Q, from Formula (4) and from Formula (A.1), a cervected form

i Formula (4)

e die-length
kes place in
still a good
obtained, at
ula given in

Reference [5]:
. QBH
Tiep = T 45 (A1)
2B+ H)[BH _16H Z[ mtBJ]
n=1 n
whete n is an odd integer.
Y
1,06
1,04 / /
1,02
1
0 0,1 0,2 03 X
Key
X  thickness-to-width ratio H/B
shear rate ratio ¥, / ¥ acp
Figure A.1 — Shear-rate ratio y,, / ygp versus thickness-to-width ratio H/B
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Dividing Formula (4) by Formula (A.1) gives Formula (A.2):

’ 5
Tap (4, H 1—0,6274£2 istanh@ (A.2)
Ve B B 2H

n=1\1
which expresses the ratio of the apparent shear rates as a function of the thickness-to-width ratio H/B.

The summation term in Formula (A.2) is 1,004 4 when H/B < 0,3. Thus the corrected apparent wall shear
rate is given (using Formula 4) by

o _ 60 [ HY 0630n\1‘1 A3)
=—F+— + — -V, — .
el s T )
The error iftroduced by using Formula (4) instead of Formula (A.3) is less than 3 % for_thicknegs-to-
width ratiod less than 0,1.

~
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Annex B
(informative)

Measurement errors

Error due to piston friction

Frict]
forcq
shou
temp

This
meag

B.2

The
past
than

particularly when the piston is operating at low speed’and with a sizeable load, a corre

nece

compared with that of the extrudate produced duving the same time interval, in order to d¢g

perc

B.3

Somd
from
(and
the f

B.4

The
Zero
wall.

ion is caused by contact between the piston and the barrel. Usually, the effect of‘t]
thus produced is negligible compared with the pressure drop through the capillary
Id, however, be confirmed that the frictional force is negligible by carrying outa.dry ry
erature.

precaution can be disregarded if measurements are made at constant velocity, and
ured using a pressure sensor placed in the immediate vicinity of the.die inlet.
Error due to back-flow of material

learance between the piston head and barrel can allow asmall quantity of the sample
the piston instead of through the capillary or slit dige, This results in a measured shed
that calculated from the piston velocity. Usually, thiserror is negligible. In certain cas

ssary. Material which has flowed back past the piston head is collected and weighed,

entage error due to back-flow.

Error due to melt compressibility

e liquids exhibit very high campressibility. Given that the shear rate at the die wall i
the piston travel speed, amrerror is therefore introduced owing to the drop in hydrostg
hence the decrease in déngsity) along the length of the die. With the decrease in density

Error due tonon-zero liquid velocity at the die wall

falculations(relating to flow in the die are based on the assumption that the velocity of]
at the die'wall. For high-viscosity polymer melts, slippage can occur between the poly

ow velocity increases,resulting in an increase in shear rate towards the exit of the did.

ne frictional
pr slit die. It
n at the test

pressure is

to flow back
r rate lower
es, however,
rtion can be
ind its mass
termine the

s calculated
tic pressure
bf the liquid,

the liquid is
mer and die
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