INTERNATIONAL

ISO

STANDARD 11443

First edition
1995-02-01

Plastics — Determination'of the fluidity of

plastics using capillary:and slit-die
rheometers

Plastiques — Détermination de la fluidité au moyen de rhéomé
d'une filiere capillaire ouplate

fres équipés

f— — Refer

ence number
1443:1995(E)


https://standardsiso.com/api/?name=be7cfd3f45d49b47cbd920f038a756ed

ISO 11443:1995(E)

SO (the Inter

federation of n
preparing inte

technical comn

a technical ¢

represented of]

and non-goverr
collaborates cl

hational Organization for Standardization) is a worldwide
htional standards bodies (ISO member bodies). The work of
national Standards is normally carried out through SO
hittees. Each member body interested in a subject for which
bmmittee has been established has the right to be
that committee. International organizations, governmental
mental, in liaison with ISO, also take part in the work. ISO
bsely with the International Electrotechnical Commission

4+l
[§4]

(IEC) on all mattters of electrotechnical standardization.

Draft Internati

circulated to th

Standard requi
a vote.

International S
ISO/TC 61, Pla

Annexes A to [l

© 1SO 1995
All rights reserved

nal Standards adopted by the technical committees are
e member bodies for voting. Publication as an International
es approval by at least 75 % of the member bodies casting

andard 1SO 11443 was prepared by Technical Committee
btics, Subcommittee SC 5, Physical-chemical properties.

of this International Standard are for information only.

. Unless otherwise specified, no part of this publication may be reproduced

or utilized in any form or by any means, electronic or mechanical, including photocopying and

microfilm, without

permission in writing from the publisher.

International Organization for Standardization
Case postale 56 ® CH-1211 Genéve 20 @ Switzerland

Printed in Switzerl

and


https://standardsiso.com/api/?name=be7cfd3f45d49b47cbd920f038a756ed

INTERNATIONAL STANDARD o ISO

ISO 11

443:1995(E)

Plastics — Determination of the fluidity of plastics using

capillary and slit-die rheometers

1 Scope

This Intefnational Standard specifies methods for
determinipg the fluidity of plastic melts subjected to
shear strdsses at rates and temperatures approximat-
ing to those arising in plastic processing. Testing
plastic mplts in accordance with these methods is
necessary since the fluidity of plastic melts is
generally |not dependent solely on temperature, but
also on other parameters, in particular shear rate and
shear strgss.

Elongatiopal effects at the die entrance cause
extrudate| swelling at the die exit. Methods «for
assessingd extrudate swelling have thereforelalso
been inclyded.

The rheological techniques described herein are not
limited fo the characterization of\wall-adhering
thermoplgstic melts only: for example,/ thermoplastics
exhibiting] “slip” effects .12 and thermosetting
plastics cpn be included. However, the methods used
for deterrpining the shear rate-and shear viscosity are
invalid fdr materials which’' are not wall-adhering.
Nevertheless, the standard can be wused to
character|ze the rhedloegical behaviour of such fluids
for a giveh geometry!

The shedr rétes occurring in extrusion rheometers
range frop“hs™! to 106 s1. The methods described in

on this International.Standard are efcouraged to

investigate the possibility of applying thg
editions of the standards indicated belq
of IEC and ISO~tnaintain registers of ¢
International<Standards.

ISO 468:9982, Surface roughness —
their values and general rules for spec
ments:

ISO 6507-1:1982, Metallic materials —

— Vickers test — Part 1: HV 5 to HV 104

3 Definitions

For the purposes of this International
following definitions apply.

3.1 Newtonian fluid: A fluid for whicH
is independent of the shear rate and of ti

3.2 non-Newtonian fluid: A fluid f

most recent
w. Members
urrently valid

Parameters,
fying require-

Hardness test

Standard, the

the viscosity
Mme.

br which the

viscosity varies with the shear rate andfor with time.

For the purposes of this International
definition refers to fluids for which the v
only with the shear rate.

btandard, this
scosity varies

3.3 apparent shear stress, 7,,; The

fictive shear

this International Standard are usetut for aetermimimng
melt viscosities from 10 Pa-s to 107 Pa's, depending
on the measurement range of the pressure and/or
force transducer and the mechanical and physical
characteristics of the rheometer.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions of
this International Standard. At the time of publication,
the editions indicated were valid. All standards are
subject to revision, and parties to agreements based

3Tress 10 Which the melt in contact With
subjected.

[t is calculated as the product of test pre

he die wall is

ssure and the

ratio of die cross-sectional area to die-wall area.

It is expressed in pascals (Pa).

3.4 apparent shear rate, y,,: The fict
that the melt at the wall would expe
observed volume flow rate if its be
Newtonian.

ive shear rate
rience at the
haviour were

It is expressed in reciprocal seconds (s71).
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3.5 true shear stress, 7: The actual shear stress to
which the melt in contact with the die wall is
subjected.

It is estimated from the test pressure p by applying
corrections for entrance and exit pressure losses, or is

directly determined from the melt-pressure gradient in
the channel.

It is expressed in pascals (Pa).

3.6 true sh te, y: The shear rate obtained

© 1SO

3.14 preheating time: The time interval between
completion of charging of the barrel and the beginning
of measurement.

3.15 dwell time: The time interval between the
completion of charging of the barrel and the end of
measurements.

NOTE 3 In certain special cases, it may be necessary to
note the dwell time at the end of each measurement
where more than one measurement per barrel filling is
made.

from the apparent shear rate y,, by taking into
account the deviations from Newtonian behaviour by
appropriate cofrection algorithms (see note 20).

It is expressed in reciprocal seconds (s1).

NOTE 1 For p{irposes of notation, the absence of a sub-
script is used tq denote true values.

3.7 viscosity, n: The viscosity in steady shear,
defined as thq ratio 1/y of true shear stress 1 to true
shear rate y.

It is expressed in pascal seconds (Pa-s).

3.8 apparent viscosity, 7n,,; The ratio 1,5/y,, of
apparent sheaf stress 1,, to apparent shear rate y,,.

It is expressed in pascal seconds (Pa-s).

3.9 volume|flow rate, O: The volume of meglt
flowing througdh the die per unit time.

[t is expresded in cubic millimetres per\ second
(mm3/s).

3.10 swell
ratio of the dig
of the capilla

ratio at room temperature, S;: The
meter of the extrudate to the diameter
ry die, both measdred at room tem-

perature.

3.11 swell natic at the'test temperature, S;: The
ratio of the |extrudate diameter to the capillary
diameter, botll measured at the test temperature.

3.16 extrusion time: Time corresponding to the
period of measurement for a given shear'rate.

3.17 critical shear stress: The value of the shear
stresses at the capillary wall atowhich any of the
following occur:

— a discontinuity in the(curve plotting shear stress
against flow rate or §hear rate;

— roughness (or waving) of the extrudqte as it
leaves the dig]

It is expressed/in’pascals (Pa).

3.18 critical shear rate: The shear rafe corre-
spondifig to the critical shear stress.

Itissexpressed in reciprocal seconds (s71).

4 General principles

The plastic melt is forced through a capillary pr slit die
of known dimensions. Two principal methods can be
used: for a specified constant test pressyre p the
volume flow rate Q is measured (method 1)} or for a
specified constant volume flow rate Q [the test
pressure p is measured (method 2). These [methods
can be used with capillary dies (method A] and slit
dies (method B). For full designation of the test-
method options, see table 1.

Table 1 — Designation of test methodls

3.12 percent sw
difference between the diameter of the extruded
strand and the diameter of the capillary, expressed as
a percentage of the diameter of the capillary, both
measured at room temperature.

3.13 percent swell at the test temperature, s
The difference between the diameter of the extruded
strand and the capillary diameter, expressed as a
percentage of the capillary diameter, both measured
at the test temperature.

NOTE 2 Equivalent extrudate swell measurements can be
made on the thickness of slit-die extrudate with reference
to the slit-die thickness.

Preset parameter
Die cross-section Volume flow
_ Test pressure, p r 0
. Sa. N8 -
Circular
(capillary die) A A2
Rectangular
(slit die) B1 B2

Measurements using a range of values of the preset
parameter (either applied test pressure in method 1,
or volume flow rate in method 2) can be made.

If a slit die with pressure transducers positioned along
its length is used, then entrance and exit pressure-
drop values can be determined. If capillary dies of the
same radius but of varying length are used, then the
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sum of the entrance and exit pressure drops can be
determined.

A slit die with pressure transducers positioned along
its length is particularly suited for automated
measurements using on-line computer evaluation.

NOTE 4 Either the aspect ratio H/B between the thickness
H and the width B of the slit is small or else a correction for
H/B (see annex A) is necessary. In the latter case, the
calculated quantities are dependent on assumptions made
in deriving the correction equations used, notably that

ISO 11443:1995(E)

5.1.3 Capillary dies (method A)

5.1.3.1 The entire length of the capillary-tube wall
shall be machined to an accuracy of + 0,007 mm for
the diameter (D) and + 0,025 mm for the length (L)
(see figure 1).

The internal surface texture of the capillary shall be
smooth and shall correspond to a maximum rough-
ness of R, = 0,25 um (average arithmetic discrepancy,

see ISO 468).

elastic effdcts are irrelevant.

5 Apparatus
5.1 Test device

5.1.1 Geperal

The test flevice shall consist of a heatable barrel, the
bore of yhich is closed at the bottom end by an
exchangeable capillary or slit die. The test pressure
shall be ejkerted on the melt contained in this barrel by
a piston,|a screw or gas pressure. Figures 1 and 2
show practical examples; other dimensions are
permitted.

5.1.2 Rheometer barrel

The barre] shall consist of a material resistant te'wear
and corrogion up to the maximum temperature of the
heating system.

The barrel may have a lateral bore ferthe insertion of
a melt-prgssure transducer close t¢ the die entrance.

The perm|issible deviations incthe’mean bore diameter
througholit the length of the barrel shall be less than
+ 0,007 nhm.

The bore| shall have\a Vickers hardness of at least
800 HV 30 (see 1SO.6507-1) and shall have a surface
roughnesp lessithan R, = 0,25 um (average arithmetic
discrepancy.’see I1SO 468).

The capillary opening shall Show no Vis|
marks nor perceptible eccentricity.

The die shall have a Vickers hardnes

800 HV 30 (see ISO 6507-1). (Sée'note 5).

NOTES

7 Diameters of capillary.dies typically used
between 0,5 mm and-2.mm, with various le|
the desired L/D ratios..For testing of filled n
diameters might bé.required.

8 Hardened.steel, tungsten carbide, stellitg
stainless steelare the most common die ma

9 Thexprecision with which capillary dimg
measured is dependent upon both the capi
theycapillary length. With capillaries of di
than 1,25 mm, the specified precision (4
difficult to obtain. Due to the extreme ser
data to capillary dimensions, it is most imp
the capillary dimensions and the precision

dimensions are measured be known and rep|
applies to the dimensions (thickness, width
slit dies (see 5.1.4).

5.1.3.2 For determining the apparent g
and the apparent shear stress 1,, with
unless otherwise specified by the refer
the ratio L/D of the length L to the dian
capillary die shall be at least 20 and
180°. Only data obtained with capillarie
inlet angle (£ 1°), length (+ 0,025 mm)
(£ 0,007 mm) shall be compared. The
defined in figure 1.

NOTE 10 For a given value of the apparent
effect of shear heating of the melt is redd
smaller-diameter capillary dies.

ble machining

s of at least

lie in the range
hgths to obtain
haterials, larger

and hardened
terials.

nsions can be
lary radius and
hmeter smaller
0,007 mm) is
sitivity of flow
rtant that both
vith which the
prted. This also
and length) of

hear rate 7,,
one capillary,
Fing standard,
eter D of the
ts inlet angle
of the same
and diameter
inlet angle is

shear rate, the
ced by use of

NOTES

5 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.

6 An increase in barrel-bore diameter increases the
number of measurements that can be made with a single
barrel filling and increases the shear-rate range of the
instrument. Disadvantages of using a larger barrel-bore
diameter are that larger sample masses are required, and
that the time necessary to reach temperature equilibrium
throughout the sample is greater. The barrel-bore diameters
of commercially available rheometers lie in the range
between 6,35 mm and 25 mm.

5.1.3.3 For determining the true shear rate y and
the true shear stress 1, capillary dies of the same
diameter (+ 0,007 mm) and inlet angle (+ 1°) and
having at least three different L/D ratios selected from
the recommended series L/D = 5, 10, 20, 30, 40 (see
also 8.4.2) are required, except under the following
conditions:

The use of only two dies, of the same diameter
(£ 0,007 mm) and inlet angle (£1°), of /D <5
and L/D = 20 is permitted where the test conditions
are such that the resultant Bagley plot is not
significantly non-linear, i.e. these conditions having
been established in advance separately, in accordance
with 8.4, for each class of sample.
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Dimensions in millimetres
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Figure 1 — Typical example of an extrusion rheometer used with a capillary die
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Dimensions in millimetres

Exchangeable part
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Electrical heater
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H
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8 J +0,01 N
| 2120
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I o
/J I
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@ P2 4| ¥
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[o,8
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| &8
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1
L2=539
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Key
P, = Pressure transducers
T, = Thermometers

Figure 2 — Typical example of an extrusion rheometer used with a slit die
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5.1.4 Slit dies (method B)

5.1.4.1 The entire length 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

© ISO

Table 2 — Maximum allowable temperature
differences as a function of distance and as a
function of time

Values in degrees Celsius

note 9.)

The internal surface of the slit die shall be smooth and

T .
Test temperature emperature differences

correspond to
(see ISO 468)|

The die shall
800 HV 30 (se

NOTE 11 For 4

5.1.4.2 Tod¢
the apparent

- maximum rnllghnc:':r: of Pd =025 laal

have a Vickers hardness of at least
b |SO 6507-1). (See notes 5 and 8.)

lit-die materials, see note 8.

termine the apparent shear rate yap and
shear stress 1,, unless otherwise

specified by the referring standard, the ratio H/B of

the thickness
at most 0,1
obtained with
thickness (+
length (£ 0,02

5.1.4.3 To dsg
and shear s
specification ¢
in exactly the
the Bagley ¢
(see 8.4). A
transducers p
can be used t

5.1.5 Piston

If a piston is
+ 0,005 mm
may be equip
order to redu
piston. The h4

H to the width B of the slit die shall be
and its inlet angle 180°. Only data
slit dies of the same inlet angle (+ 1°),
0,007 mm), width (£ 0,01 mm) and
b mm) shall be compared.

termine the true values of shear rate y
ress 1, slit dies conforming to the
iven in 5.1.4.1 and 5.1.4.2 may be used
same way as capillary dies, i.e. using
prrection method modified accordingly
ternatively, a slit die with presSsure
bsitioned along the length of«jtsschannel
determine true shear-stressivalues.

used, its diameter shall be 0,040 mm
maller than\the barrel-bore diameter. It
bed withasplit or whole sealing rings in
re melt backflow past the land of the
rdress of the piston shall be less than

6 as a function of|as a function of
distance time
=< 200 +1,0 +0,5
200 < 6 <300 +15 H41,0
> 300 +2,0 41,5

The test device shall be desighed so that|the test
temperature can be set in stéps of 1 °C or legs.

5.3 Measurementioftemperature and
calibration

5.3.1 Test.temperature

5.3.1.1Method A: Capillary dies

When capillary dies are used, the test temperature
shall be either the temperature of the mglt in the
barrel near the capillary inlet or, if this is not|possible,
the temperature of the barrel wall near thg capillary
inlet. (See also0 5.3.2))

5.3.1.2 Method B: Slit dies

When slit dies are used, the die-wall temperdture shall
be measured and taken as the test temperafure. This
temperature shall be equal to the test temperature
measured in the barrel to within the distange-related
temperature tolerances given in table 2. (See also
5.3.1.1and 56.3.2.)

5.3.2 Measurement of test temperature

The tip of the temperature-measuring devicg shall be
either in contact with the melt or, if thls is not

that of the b
ISO 6507-1).

5.2 Temper

el but ot tess tham 375 1V-30{see

ature control

For all temperatures that can be set, the barrel-tem-
perature control shall be designed such that, within
the range of the capillary die or slit die, as applicable,
and the permissible filling height of the barrel, the
temperature differences measured at the wall do not
exceed those given in table 2 throughout the duration
of the test.

possible, in contact with the metal of the die wall not
more than 1,5 mm from the wall of the melt channel.
Thermally conductive fluids may be used in the
thermometer well to improve conduction. Ther-
mometers, preferably thermocouples or platinum
resistance sensors, may 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 limits of
+0,1°C, whilst complying with the depth of
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immersion prescribed for the thermometer con-
cerned. For this purpose, the barrel shall be filled to
the top with a low-viscosity melt.

No liquids that may contaminate the die and barrel
and influence the ensuing measurements, e.g.
silicone oil, shall be used as heat-transfer media
during calibration.

5.4 Measurement of pressure and calibration

ISO 11443:1995(E)

If weighing is performed, the conversion to the
volume rate of flow 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 rate of flow shall be determined to within
1 %.

NOTE 12 The specified maximum permissible error for
determining the volume rate of flow via the feed rate of the
piston can only be conformed to if, inter alia, the leakage

5.4.1 Telt pressure

The test |pressure shall be the pressure drop in the
melt, measured as the difference between the
pressure [in the melt before the capillary-die or slit-die
inlet and fthe pressure at the die exit, as applicable. If
possible, [the test pressure shall be measured by melt-
pressure [transducers located near the entrance of the

rate between the piston and barrel is sufficiently small.
Experience indicates that this can e\ -afhieved if the
clearance between piston and barrel)dog¢s not exceed
0,045 mm.

6 Sampling

die. Othe
by the fo
(see B.1)
channel

atmosphe
exit shall
transducq
die. The f
operated
their nom

5.4.2 Pre

When us
length of
melt-pres
wall.

Alternativi
pressure
and exit f
employin
for slit diq

r'wise, the test pressure shall be determined
fce exerted, e.g. by the piston, on the melt
If testing is to be carried out extruding to a
r vessel pressurised to a pressure above
ric pressure, then the pressure at the die
be measured, preferably using a pressure
r located immediately below the exit of the
brce- or pressure-measuring devices shall be
in the range between 10 % and 90 % of
inal capacity.

ssure drop along the length of the die

ng slit dies, the pressure profile _along the
the die shall be measured by flush-mounted
sure transducers positioned @long the die

ely, when slit dies not_equipped with melt-
transducers are used,_the sum of entrance
ressure losses cambe taken into account by
) the Bagley cortection (see 8.4.3) modified
s.

5.4.3 Calibration

External K

ydraulic test equipment may be used for the

From the product-to be tested, a
sample shall bestaken for use as the teg
number of determinations per single
depends of the moulding material under
therefore{be agreed upon between t
parties\"The temperature during test
aratiorn” shall be less than that during th
test.

7 Procedure

7.1 Cleaning the test device

Before each measurement, ensure that
transducer bores, where applicable, the
capillary or slit die are free of adherent f
Make a visual examination to check for g

If solvents are used for cleaning, en
contamination of barrel, piston and capi
has occurred that might influence the te

NOTE 13 For the purpose of cleaning, ¢
made of a copper/zinc alloy (brass) and lin
proved satisfactory. Cleaning can also be
cautious burning out. Using graphite on thr

epresentative
t sample. The
barrel filling
test and shall
he interested
sample prep-
e subsequent

he barrel, the
biston and the
preign matter.
leanliness.

sure that no
lary or slit die
t result.

rcular brushes
en cloths have
performed by
eads facilitates

calibratiof “cf melt-pressure transducers. Load cells

unlocking after the test.

shall be calibrated in accordance with manufacturer’'s
specifications. The maximum permissible error in the
reading of the melt-pressure transducers shall be less
than or equal to 1 % of full scale. The calibration of
melt-pressure transducers should preferably be
performed at the test temperature.

5.5 Measurement of the volume flow rate of
the sample

The volume rate of flow 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.

WARNING — The operating conditions chosen may
entail partial decomposition of the material under
test, or cause it to release dangerous volatile
substances. The user of this International Standard is
therefore responsible for keeping him- or herself
informed of possible risks of accident and for
providing the appropriate means of protection.

7.2 Preparation 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 pre-
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treatment or conditioning procedures in accordance
with the referring standard and/or the relevant
material standard, as applicable.

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 the warning in 7.1).

NOTE 14 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

© ISO

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 ther-
mometer 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 tem-
perature difference given in table 2. Then extrude a
small quantity of the substance under test, stop the
piston, wait for 1 min and perform the measurement.

temperatures uged In processing of the material. The shear
stress and shear rate applied should also closely approxi-
mate those obsdrved in the actual processing.
Table B — Typical test temperatures
Material Temperature
°C
Polyacetal 190 to 220
Polyacrylate 140 to 300
Acrylonitrile/butiadiene/styrene (ABS) 200 to 280
Cellulose ester{ 190
Polyamide 190 to 300
Poly(chlorotrifluproethylene) 265
Polyethylene ar]d ethylene
copolymers apd terpolymers 150 to 250
Polycarbonate 260 to 300
Polypropylene 180 to 270
Polystyrene and styrene copolymers 180 to 280
Poly(vinyl chloride) 170 to 210
Poly(butylene tgrephthalate) 245 to 270
Poly(ethylene t¢rephthalate) 275 to 300
PMMA and copolymers 180 to 300
Poly{vinylidene ffluoride) 19510240
Poly(vinylidene [chloride) +50-to 170
Ethylene/vinyl dlcohol copolymer 190 to 230
Polyetheretheretone 340 to 380
Polyethersulfone 360
To avoid air in¢lusions, introduce the sample into the

barrel in separfate small quantities, performing inter-
mediate comppctionstby” means of a piston. Fill the
barrel to within approximately 12,5 mm of the top.
Accomplish charging in not more than 2 min.

7.4 Determination of the maximum
permissible test duration

For each sample and each, ltest temperature,
determine by testing, employing 'several diffefent pre-
heating times, prior to the actual test, the mjaximum
permissible test duration (Which corresponds$ to the
time span, from the end)of charging of thg barrel,
within which the measured quantity (volume {low rate
or test pressure, as’ applicable) at constgnt test
conditions does/net change by more than + 5(%. (See
also 7.3.)

if determination at all of the required valueg of test
pressurer;or volume flow rate is not possible within
the myaximum permissible test duration of |a single
test) then make measurements stage by stade, using
several barrel fillings of the same sample. (See
note 15.)

7.5 Determination of test pressure at cgnstant
volume flow rate: Method 2

If the test pressure necessary to maintain|a given
volume rate of flow is to be determined ($ee also
5.4.1 and 7.7), use either of the following methods
(see table 1):

method A2, using capillary dies;

method B2, using slit dies.

7.6 Determination of volume flow rate at
constant test pressure: Method 1

7.3 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 standard, is completed. Check that the pre-
heat time used is sufficient to obtain thermal equi-
librium of the test sample throughout the volume of
the barrel, for each material to be tested, either by

If, as an alternative to 7.5, the volume rate of flow for
a given test pressure drop is required (see also 7.7),
use either of the following methods (see table 1):

method A1, using capillary dies;

method B1, using slit dies.

7.7 Waiting periods during measurement

At each measurement, wait until the test pressure
(method A2 or B2) or the volume flow rate (method
A1 or B1) has become constant (to e.g. + 3 %) over a
given time period (e.g. 15 s).
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NOTE 15 With a single barrel filling it is generally possible
to determine several pairs of values for volume flow rate
and test pressure.

Insert further waiting periods after changes of volume
flow rate or test pressure, before taking measure-
ments, in order to minimize the effects of adiabatic
melt-temperature changes due to pressure variation.
These additional waiting periods shall be as long as is
necessary for the test pressure or volume flow rate,
as applicable, to become constant to within the
specified limits.

ISO 11443:1995(E)

to minimize the effect of gravity, use the following
procedure:

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

— extrude a length of extrudate not longer than
5cm;

— measure the diameter of the extruded strand at a
point preferably 10 mm below the die outlet by
photographic or optical techniques.

NOTES

NOTE 16 |It is recommended that selected measurements
are repeatgd to check the repeatability.

7.8 Measurement of extrudate swelling

7.8.1 Geheral

Measure |the degree of extrudate swelling either at
the test femperature during the extrusion process, or
after copling of the extruded strand to room
temperatpre.

NOTE 17 |The diameter of the extrudate is dependent on
the flow |rate, the test temperature, the time since
extrusion,| the manner of cooling (for the ratio at room
temperatdre) and the length of the extrudate, as well as the
capillary length, the barrel diameter and the capillary
diameter. [The results obtained can be very sensitive to the
details of fhe measurement technique.

The follqwing procedures give a measure (of the
degree of extrudate swelling. Other methgds."can be
used. Although the procedures described are written
for capillary dies, they also apply by.dralogy to slit
dies.

7.8.2 Measurement at room.temperature

The diamleter of the extrudéd strand is measured with
a microreter. In orderto minimize the effects of
gravity, use the following procedure:

— remole any-extrudate attached to the capillary die
by cutting iteff as close as possible to the die;

— extrupea length of extrudate not longer than 5 cm

18 Extrudate swelling can be measuredyat’ pther distances
from the die along the extruded strand:

19 In order to minimize cooling_of the gxtruded strand
during the measurement of extrudate swelling, it is recom-
mended that the strand be'“extruded into fa temperature-
controlled air chamber, suchvas that shown gchematically in
figure 1.

8 Expression of results

8.1 Volume rate of flow

Calculate the volume rate of flow|Q, in cubic
faillimetres per second, by means of one of the
following equations:

Q=Av 1)
or
)
0=— ..(2)
p
where
A is the piston cross-sectional grea, in square
millimetres;
% 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, in grams per cupic millimetre.

and cut off the length of extrudate, marking the
end that was extruded first;

— when cutting off the length of extrudate, hold it
with tweezers and subsequently allow it to cool,
suspended in air, to room temperature;

— measure the diameter of the strand as close as
possible to the marked end (outside the area
deformed by cutting and marking).

7.8.3 Measurement at the test temperature

Use a photographic or optical method that involves no
mechanical contact with the extruded strand. In order

8.2 Apparent shear rate

8.2.1 General

Calculate the apparent shear rate 7,,, in reciprocal
seconds, at the die wall, using the equation given in
8.2.2 or 8.2.3, as applicable.

8.2.2 Method A: capillary dies

32Q
o =
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where 8.3.3 Method B: slit dies
D is the diameter of the die bore, in _ HB p
millimetres; Tap __—_2(H+B) XZ ...(6)
0 is _the volume rate of flow, in cubic where
millimetres per second (see 8.1).
, ) . p is the test pressure above the die inlet, in
NOTE 20 In the case of Newtonian fluids, equation (3) pascals:
gives the true shear rate y at the capillary wall. As plastic
melts do not generally exhibit Newtonian behaviour, the L is the length of the die, in millimetres;
i i i ti is t d th . . o -
quantity calculated u.smgwthls equa‘ ion is er.me ! e B is the width of the die. in millimetres:
apparent Shear rdle Yap' e uue shear Tate 'y Call De
determined from the apparent one y,, by a correction H is the thickness of the die, in millimetres.

procedure (see

5.1).

8.2.3 Method B: slit dies

= &)
where

B is the width of the die, in millimetres;

H is the thickness of the die, in millimetres;

0 is the volume rate of flow, in cubic

millimetres per second (see 8.1).

See also note 2

NOTE 21 Equat
small thickness-
(4) overestimate
3 %, however,
correctness of th
(4), together w
annex A.

8.3 Apparen

8.3.1 General

Calculate the a

0.

on (4) is strictly true only for infinitesimally
o-width (H/B) ratios. The use of equation
5 the apparent shear rate y,, by lesgthan
if H/B<0,1. A detailed analysis -of "the
e approximation involved in using\equation
th a correction procedure,.'aré given in

f shear stress

ppatent shear stress 1,,, in pascals, at

the die wall, us

ng_the equation given in 8.3.2 or 8.3.3,

NOTE 22 The shear stresses calculated' sing gquations
(5) and (6) are apparent quantities, bgcause the |pressure
drop along the length of the die ispsmaller than|the test
pressure p which is the sum of the pressure lossps at the
die entrance, in the die and_at ‘the die exit. Trhe shear
stresses can be determined) by applying appropriate
corrections either to the test’pressure p or to the die length
L (see 8.4).

8.4 True shéarstress

8.4.1 General

Theértrue shear stress can be obtained by uping the
Bagley correction method® (see 8.4.2 or §4.4.3, 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 non-linear Bagley or slit-die pressure-drog 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 gpecified
by agreement in which case the procedure uged shall
be stated in the test report.

NOTE 23 In using capillary- or slit-die extrugion rhe-
ometers for measuring the shear viscosity of |plastics,
viscous dissipation and the pressure dependence of the
viscosity can affect the results. Non-linear plots may result.

8.4.2 Bagley correction for capillary dies (method A)

as applicable.

8.3.2 Method A: capillary dies

pD

Tap = m ...(5)
where

p is the test pressure, in pascals;

L is the length of the die, in millimetres;

D is the diameter of the die, in millimetres.

10

Determine the sum of the entrance and exit pressure
losses using the following procedure:

a) For method A1, using at least two, but preferably
more, capillary dies of the same inlet angle and
diameter but with different L/D ratios such that
(L/D); < (L/D),, determine the apparent shear rate
Yap at the die wall as a function of the test
pressure p (see figure 3).

b) For method A2, using at least two, but preferably
more, capillary dies of the same inlet angle and
diameter but with different L/D ratios such that
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(L/D), < (L/D),, 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/D for
different values of the apparent shear rate Yap
(see figure 4). The so-called Bagley lines which
result have a slope which is four times the true
shear stress.

ISO 11443:1995(E)

which case the procedure used shall be stated in the
test report (see note 23).

NOTE 24 The Bagley correction may be performed using
suitable computer programmes. It is then not necessary to
follow the data-plotting procedure described above.
However, if computers are used to apply corrections to
measured data, a graphic printout of the Bagley plots can
enable the operator to assess the validity of the
assumptions made (i.e. to check that the Bagley lines are
straight).

apparent shear
rate y,, to zero pressure (see figured). The ordinate
distance p. corresponds to the:sum of the die-
entrance and die-exit pressure.losses fat the apparent

If, whe ;
straight|line arise owing to the influence of pressure
on the melt viscosity or owing to viscous-dissipation
effects,| make the measurements using shorter capil- '
lary die$, unless otherwise specified by agreement in shear rate y,, concerned.
oS
g (L/D)5 (L/D), (L/D)y
5up‘l
jup?

logp

Figure 3 — Application of the Bagley correction method'3!:
plot of the apparent shear rate y,, versus the test pressure p for
different values of L/D

1
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p
3092
Slope = 41 /
jupﬂ
P-Pc /
/ /0
g -
a
(L/D) (L/D), (L/D)5 /o
(L/D) s
(L/D) 2
Figure 4 — Schematic Bagley plot for capillary dies:
the melt pressure p is plotted as a function of /D for dies of/the same diameter
for different values of the apparent shearrate v,
Calculate the true shear stress 1t for the apparent D is the diameter of the capillary Hie, in

shear rate y,, of interest using either equation (7) or
equation (8):

D
T=(p-p)I A7)
(p=pc) AL
where
p is the|test pressure, in pasaals;
Pe is the|pressure correctjon,.in pascals;
D is the diameter of the capillary die, in milli-
metrgs;
L is thg length~of/the capillary die, in milli-
metrdgs.

Because the didmeter D of the die is constant, the

8.4.3 Bagley correction for slit dies (method B

millimetres;

(L/D). is the die-length correction (dimensidnless).

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 thpt L is
less than L,, determine the apparent shepr rate
Yap at the die wall as a function of the test
pressure p.

abscissa distances (L/D). represent die-length correc-
tions. Thus, as an alternative to equation (7), the true
shear stress 1 for the apparent shear rate y,, of
interest may be calculated using equation (8):

= 4[(L/D)i (LID)] -8
where

p is the test pressure, in pascals;

L is the length of the capillary die, in

millimetres;

12

c)

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 L is
less than L,, measure the test pressure p as a
function of the apparent shear rate y,, at the die
wall.

From the data obtained in a) or b), as applicable,
plot the test pressure p as a function of
L(H + B)/HB for different values of the apparent
shear rate y,,. The Bagley lines which result have
a slope which is twice the true shear stress (see
figure 5).
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If, when using long slit dies, deviations from the
straight line arise owing to the influence of pressure
on melt viscosity or owing 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 23 and 24).

Extrapolate the Bagley line for each apparent shear
rate y,, to zero pressure. The ordinate distance p.
corresponds to the sum of the die-entrance and die-

ISO 11443:1995(E)

p is the test pressure, in pascals;
Pe is the pressure correction, in pascals;
L is the length of the slit die, in millimetres.

Because the die dimensions H and B are constant, the
abscissa distances L (H + B)/HB represent die-length
corrections. Thus, as an alternative to equation (9), the
true shear stress 1 for the apparent shear rate y,, of
interest may be calculated using equation (10).

D HB

exit prepsure losses at the apparent shear rate 7,, ' 2(L+ L) ><(H+B) ~(10)
concerned.
where
Calculatp the true shear stress 1 for the apparent D is the testipressure, i pascals:
shear rgte y,, of interest using either equation (9) or ' _ o
equation} (10): H |s't.he thickness of [the slit die, in
millimetres;
HB - / . . . .
T= 5 5 x(p ch) ...(9) B i§) the width of the slit die, in
(H+B) millimetres;
where L is the length of the slit die, in
H is the thickness of the slit die, in milli- millimetres;
metres; LJH + BJ/HB is the die-length corfection (dimen-
B is the width of the slit die, in millimetres; sionless).
p
Slope =271

L (H+BYHB

L (H+B)/HB

Figure 5 — Schematic Bagley plot for slit dies: the test pressure p is plotted as
a function of L(H + B)/HB for dies of the same width B and thickness H for
different values of the apparent shear rate y,,

13
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8.4.4 Direct determination (method B)

From the
measured using

longitudinal

pressure gradient dp/dL
pressure transducers placed along

the length of the slit die, calculate the true shear
stress 7 at the die wall using the following equation:

© ISO

8.7 Determination of extrudate swelling

8.7.1 Measurement at room temperature

Calculate the extrudate swell ratio at room tem-
perature S, and the percent swell at room tempera-
ture s,, using equations (14) and (15):

= e A1 b
(H+5) S, === ..(14)
where b
dp  is the_longitudinal pressure gradient. in vazDa_Dxm()% ...(15)
dL pascds per millimetre;
B is the|width of the siit die, in millimetres; where
H is thg thickness of the slit die, in milli- D, is the extrudate diameter,Jin millimetres,
metrgs. measured at room temperature;
D is the capillary-die_diameter, in millimetres,

3.5 True shea

8.5.1 General

Zalculate the trd
slit-die wall fro
applying the W
methed ¥, usin
3.5.2) and equati

8.5.2 Method A

. 7}ap :
=5 (3+
r== (

where

dlog7p
dlogt

—

8.5.3 Method B

. }}ap g

=—=(2+
A

where

' rate

e shear rate y at the capiliary-die or
n the apparent shear rate and by
eissenberg-Rabinowitsch correction
b equation (12) for methcd A (see
on (13) for method B (see 8.5.3).

capillary dies

bg7w)
dlog T

s the slope of the curve log 755 =f (log 7).

slit dies

b97w)
dlog 7

measured at room temperature.

8.7.2 Measurement at.the test temperature

Calculate the swwell ratio at the test temperafure St
and the percent swell at the test temperatlire sy,
using equatiehs (16) and (17):

Dy
s =2n= L1009 (17)

where

D,, is the extrudate diameter, in millimetres,
measured at the test temperature JO0 mm
below the die outlet;

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

NOTE 25 In the case of slit dies, these calculatigns can
be made using the thickness (or width) of the extrudate
instead of the extrudate diameter and the die th|ckness
(or die width) instead of the die diameter in equatigns (14)
o (17). Since swelling may be different in the widith and
thickness directions, it should preferably be determined in
both of these directions.

dlog Yo
dlogt

8.6 Viscosity

is as defined in 8.5.2.

Calculate the viscosity as the ratio of the shear stress
to the shear rate.

if the ratio is not derived exclusively from true

Jquantities, apparent viscosities result. These shall be
.dentified by the subscript “ap”.

14

9 Precision

An interlaboratory test programme was completed in
1990, involving seven laboratories and two materials
(PP and PVC).

Comments and analysis of results:

Two types of apparatus and two measurement
procedures were used:

— a rheometer measuring the extrusion pressure at
the capillary inlet (4 laboratories) and a rheometer
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measuring the force applied to the piston (2
laboratories);

— the shear rates applied during the tests were
imposed successively in decreasing order of
magnitude (2 laboratories) or increasing order (4
laboratories).

Repeatability was examined by two laboratories, and
was found to be improved if the pressure was
measured at the inlet to the capillary rather than
determined from the force applied to the piston, and

ISO 11443:1995(E)

10.2 Test conditions

10.2.1 A description of the material under test.

10.2.2 Details of conditioning of the material.

10.2.3 The method used (A1, A2, B1 or B2).

10.2.4 A description of the rheometer used and its

barrel diameter Dg.

to be Igss good at low shear rates (< 100 s7) than at
high shear rates (> 100 s7'). Estimated repeatability
was + [0 % and = 5 %, respectively. If long dies are
used (/D > 20), the effect of the geometry of the
capillary inlet can be disregarded if the inlet angle is
= 90°.

The regroducibility of the method was estimated by
measurjng, in seven laboratories, the viscosity of PVC
at 180 fC and 190 °C and that of PP at 210 °C and
240 °C.|Reproducibility was found to be poorer at low
shear fates (< 100s7") than at high shear rates
(> 100 $), being + 20 % and + 10 %, respectively.

From ah examination of the results, it can be seen
that regroducibility is affected by

— the|order in which the various shear rates are
examined during a single test;

— the| sensitivity of the pressure-sensor or force-
senpor used — measurements cannot becarried
out|with the same precision at high“\pressures
(high shear rates) and at low pressures“{low shear
ratgs) using the same sensor;

— the|method used to determine. the shear stress —
measurement of pressurg-at~the capillary inlet is
preferred since it is more.accurate.

The effect of the cleanness of the capillary on the
results was not investigated in these tests.

See alsp annexeS A, B and C.

10.2.5 If applicable, the diameter -
ratio of length to diameter L/D,6fthe
of the capillary die used, and the deg
of these measurements.

10.2.6 If applicable, the thickness A
length L of theslit) die used, and
precision of these-measurements.

10.2.7 A description of the capillar
inlet angle profile, as applicable.

10:2.8 A description of the tech
Measure the extrudate swelling.

10.2.9 The temperature at which the
were made, and the degree of p
measurements.

10.2.10 The pressure below the
extruding to pressures other tha
pressure, a description of the method
and measure this pressure, and tH
measurement of the pressure.

10.2.11 The sample-preheating time.
10.2.12 The dwell time.
10.2.13 Where applicable, the dw

sponding to the appearance of an 4
material.

, length L and
straight section
ree of precision

/, width B and
the degree of

y-die or slit-die

nique used to

measurements
ecision of the

die exit when
n atmospheric
used to obtain
e precision of

ell time  corre-
Iteration in the

10.2.14 The maximum permissible te

5t duration.

10 Test report

10.1 General

The test report shall include the following information,
as applicable:

a) a reference to this International Standard and any
referring standard;

b) the information required by 10.2, 10.3 and 10.4, as
applicable;

c) the date of the test.

10.2.15 The extrusion time.

10.2.16 Details of any deviations from the require-
ments of this International Standard and any incidents

likely to have influenced the results.

10.3 Flow characteristics

10.3.1 General

Report whether the shear rate, the shear stress and

the viscosity are “apparent” or “true”

values.

15
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Report the method of viscosity determination if the
Bagley or pressure drop versus distance plots are
non-linear.

For plastics which are not wall-adhering, present the
results in the form of apparent shear stress plotted as
a function of flow rate Q, or vice versa.

10.3.2 Graphical representation

Include the follo

16

ning plots:

© ISO

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

rate;

swell ratio at room temperature or at t

he test

temperature versus shear rate or volume flow

rate;

percent swell at room temperature or at the test

temperature versus shear rate or volume flow

rate.

log shear s{ress versus log shear rate, or vice
versa,
log viscosity| versus log shear stress or log shear
rate;
log viscosity versus the reciprocal of absolute
temperature| at constant shear stress or shear
rate;

log viscosity versus temperature

in degrees

Celsius at cgnstant shear stress or shear rate;

log critical s

ear stress or log critical shear rate for

each of the |observed effects (see 3.17 and 3.18)
versus the rg¢ciprocal of absolute temperature;

log critical s
each of the

ear stress or log critical shear rate for
observed effects (see 3.17 and 3.18)

versus temperature in degrees Celsius;

log volume rpte of flow versus log shear stress, or,

vice versa;

pressure vefsus die length;

pressure ve

from die exif

log pressurg

'sus distance of pressure ‘transducer
(slit dies);

correction versus 10g’ shear stress or

log shear rate or log volume.rate of flow;

10.3-3 Individual values

These may be given for a given sefies
conditions:

— shear stress, in pascals;

shear rate, in reciprocal seconds;
viscosity, in pascal seéends;

swell ratio at roomemperature;
percent swellkat froom temperature;

swell ratipuat the test temperature;

percent swell at the test temperature.

10,4* Visual examination

If visual examination is possible, report any ch

f test

hnge in

the surface appearance of the extrudate (e.g. qreak in

flow, distortion of extrudate), noting the te
ditions at which the change occurs.

Such changes may correspond to the critica
stresses. In this case, note the values individ

the test report as “visual” critical shear stressep.

bt con-

shear
Lially in

In addition, if the material changes colour, regort the

corresponding dwell time.
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Annex A
(informative)

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

s S

1.04

e

|

Shear-rate ratio Jap/d5p

1.02

0 0.1

Equatiof (4) given in“8.2.3 for the apparent shear rate
is valid[only for an( infinitely wide slit. Equation (4)
therefore givesthe apparent shear rate which will
exist when tRe-rate of volume flow in the die-length
directiof s “Q over a distance B in the die-width
directiom and assuming that no flow takes place in

Thickness-to-width ratio H/8

Figure A.1 — Shear-rate ratio y,, /75, versus thickness-to-width ratio H/B

0.2 0.3

Dividing equation (4) by equation (A.1)]gives equation
(A.2):

Yap (1+H)1 0,6274
Yoo B

5

znl&.) Th %} (A2)

oclm

n=

the width direction or in the thickness direction. At
finite ratios of H/B, equation (4) is still a good
approximation, as shown in figure A.1. This shows the
ratio of the apparent shear rates obtained, at identical
volume flow rates Q, from equation (4) and from
equation (A.1), a corrected equation given in reference
[5]:

OBH

3 4 5
2B+ H) BH _16H zis nnB

= L(AT)

oo
Yap =

where n is an odd integer.

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

The summation term in equation (A.2) is 1,004 4
when H/B < 0,3.

Hence

Yop _ (1+ HJ(1—0,630£)
yap B B

2
=1+O,370%—0 630—1-1—— ..(A3)

can be used as the correction equation.
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