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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sueh ‘patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Techtiical Barriers to Trade (TBT), see wiww.iso.org/
iso/fpreword.html.

This|document was prepared by Technical Comnitittee ISO/TC 61, Plastics, Subcommittee S 5, Physical-
chenical properties.

This|fourth edition cancels and replaces¢the third edition (ISO 11443:2014), which has been technically
reviged.

The main changes compared to the.previous edition are as follows:
— the use of a zero length die has been added.

Any feedback or questigns on this document should be directed to the user’s national standprds body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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INTERNATIONAL STANDARD

ISO 11443:2021(E)

Plastics — Determination of the fluidity of plastics using

capillary and slit-die rheometers

1 Scope

This document specifies methods for determining the fluidity of plastics melts subjected to shear

streg
plast
melt
shea

SES dt TAtes ard teMpPeratures approximating to those ariSing T piastics Procesy
ics melts in accordance with these methods is of great importance since the fluidit
5 is generally not dependent solely on temperature, but also on other parameteys; i
F rate and shear stress.

The

to 1(
meck
rheo

methods described in this document are useful for determining melt,viscosities f
7 Pa's, depending on the measurement range of the pressure and/orforce transdu

meters range from 1 s71 to 106 s71,

Elongational effects at the die entrance cause extrudate swelling’at'the die exit. Methods f
extrfidate swelling have also been included.

The |rheological techniques described are not limited Jte the characterization of wj|
thernoplastics melts only; for example, thermoplastics exhibiting “slip” effects11(2] and th
plastiics can be included. However, the methods used fer“determining the shear rate and shg
are invalid for materials which are not wall-adhering. Nevertheless, this document can
characterize the rheological behaviour of such fluids for a given geometry.

2 ormative references

The following documents are referried to in the text in such a way that some or all of t
constitutes requirements of this\document. For dated references, only the edition cited
unddted references, the latest edition of the referenced document (including any amendme

ISO 1133-1, Plastics — Determination of the melt mass-flow rate (MFR) and melt volume-flov
of thermoplastics — Part-1+-Standard method

[SO 1133-2, Plastics~~-Determination of the melt mass-flow rate (MFR) and melt volume-floy
of thermoplastics&=-Part 2: Method for materials sensitive to time-temperature history and/o

ISO 4287, Geemetrical Product Specifications (GPS) — Surface texture: Profile method — Term
and Jurface,texture parameters

ing. Testing
y of plastics
h particular

rfom 10 Pa-s
cer and the

janical and physical characteristics of the rheometer. The shear (rates occurring in extrusion

pr assessing

all-adhering
ermosetting
par viscosity
be used to

heir content
applies. For
hts) applies.

b rate (MVR)

b rate (MVR)
r moisture

s, definitions

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

ISO 11403-2, Plastics — Acquisition and presentation of comparable multipoint data — Par
and processing properties

3 Terms and definitions

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

t 2: Thermal

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

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

IEC Electropedia: available at http://www.electropedia.org/

© IS0 2021 - All rights reserved
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3.1
Newtonian

:2021(E)

fluid

fluid for which the viscosity is independent of the shear rate and of time

3.2

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 document, this definition refers to fluids for which the viscosity varies

only with the

3.3

shear rate.

apparent shear stress

Tap

fictive sheaj

Note 1 to enf
wall area.

3.4

apparent shear rate

fictive shea
behaviour W

3.5

true shear
T

actual sheat

Note 1 to ent

losses, or is dfirectly determined from the melt-pressure'gradient in the channel.

Note 2 to ent

3.6
true shear

Y
shear rate o

Newtonian |
seconds (s71

Note 1 to ent

3.7
viscosity

stress to which the melt in contact with the die wall is subjected, expressed in pascals

ry: It is calculated as the product of test pressure and the ratio of die cross-segtional area {

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

stress

stress to which the melt in contact with the die wall is subjected, expressed in pascalg

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

rate

btained from the apparent shear rate ]'/ap (3.4) by taking into account the deviations

behaviour by appropriate correction algorithms (see Note in 8.2.2), expressed in recip

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

(Pa)

o die

if its

(Pa)

ssure

from

rocal

n

viscosity in steady shear, defined as the ratio 7 /y of true shear stress t (3.5) to true shear rate y (3.6),
expressed in pascal seconds (Pa-s)

3.8

apparent viscosity

r’ap

ratio Tap/j'/ap of apparent shear stress t,, to apparent shear rate j'/ap (3.4), expressed in pascal

seconds (Pa-s)

39

Bagley corrected apparent viscosity

Tapp
ratio 7/ Yap

2

of true shear stress 1 (3.5) to apparent shear rate yap (

3.4), expressed in pascal seconds (Pa's)

© ISO 2021 - All rights reserved
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3.10
Rabi

napR

ISO 11443:2021(E)

nowitsch corrected apparent viscosity

ratio Tap /v of apparent shear stress T, to true shear rate y (3.6), expressed in pascal seconds (Pa-s)

Note 1 to entry: This term is appropriate for use when testing with a single die of large length-to-diameter aspect

ratio

3.11

for which entrance effects are negligible.

volume flow rate

Q

Volumn ofmalt flawinathraouaoh tha dig
IRe-e e oW RE TR ousT <t

3.12

n
TtrIre-trre-per T I S A P T C o E o T T o T e I I E e SO pP et

swell ratio at room temperature

Sa
ratio|
temp

3.13

of the diameter of the extrudate to the diameter of the capillary die, Beth measu
erature

swell ratio at the test temperature

St
ratio|
temp

3.14
perc
Sa

diffe
asaj

3.15
perc

ST
diffe
asaj

Note
extry

3.16
preh
time

3.17
dwel
time

of the diameter of the extrudate to the diameter of the eapillary die, both measure
erature

ent swell at room temperature

Fence between the diameter of the extruded strand and the diameter of the capillary di
percentage of the diameter of the capillary die, both measured at room temperature

ent swell at the test temperature

Fence between the diameter of the extruded strand and the diameter of the capillary di
percentage of the diameter-0fthe capillary die, both measured at the test temperature

date with reference to'the slit-die thickness.

eating time

1 time

interval between the completion of charging of the barrel and the end of measuremen

ond (mm3/s)

red at room

1 at the test

e, expressed

e, expressed

1 to entry: Equivalent slit“die extrudate swell terms can be derived based on the thickngss of slit-die

interval bétween completion of charging of the barrel and the beginning of measurement

LS

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

3.19

corresponding to the period of measurement for a given shear rate

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

3.20

critical shear rate
shear rate corresponding to the critical shear stress (3.19), expressed in reciprocal seconds (s71)

3.21
zero length

die

special designed die for an easy, quick and accurate entrance pressure loss correction by Bagley
correction, because only measurements with two different die lengths are necessary

4 Gener

The plasticg
can be used

a) Method
b) Method

These meth
of the test nf

Measureme
in method 1

If a slit die
is used, thel
radius but g
determined

A slit die w
measureme

Recommend
testing are j

In using a sl

Al principles

melt is forced through a capillary or slit die of known dimensions. Two principal-met

1: for a specified constant test pressure p, the volume flow rate Q is measured, or
2: for a specified constant volume flow rate Q, the test pressure p is measured.

bds can be used with capillary dies (method A) and slit dies (method B). For full design
ethod options, see Table 1.

Table 1 — Designation of test methods

Preset parameter

Die cross section
Volume flow rate, Q

A2
B2

Test pressure, p
Al
B1

Circular (capillary die)

Rectangular (slit die)

ts can be made using a range of values.of the preset parameter (either applied test pre;
or volume flow rate in method 2):

vith pressure transducers pesitioned along its length and also upstream of the die ¢
W entrance and exit pressure 'drop values can be determined. If capillary dies of the
f varying lengths are used, then the sum of the entrance and exit pressure drops cz

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

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

tdie, either the aspect ratio H/B between the thickness H and the width B of the slit is §

hods

htion

sure

bntry
bame
n be

1ated

ed in

mall

or else a con

reetion for HI/R (Qpp Annex A) is necessary. In the latter case the calculated guantitiel

S are

dependent on assumptions made in deriving the correction formulae used, notably that elastic effects
are irrelevant.

5 Appar

atus

5.1 Testdevice

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

© ISO 2021 - All rights reserved
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barrel by a piston, screw, or by the use of gas pressure. Figure 1 and Figure 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

hall be less

of the heating system.

The barrel can have a lateral bore for the insertion of a melt-pressure transducer close to the die
entrance.

The permissibledeviationsirthe-meanrboredianreter-thr ng,‘uuut the }custh of thebarret
than|+0,007 mm.

The parrel shall be manufactured using techniques and materials that produce a|Vicke

prefd
than

NOTIH
lowet
consf

NOTH
singlg
bore
equil
lie in

5.1.3

5.1.3
the d

The
prefd
less 1

The

NOTH
lengt

NOTH
mate

NOTH
radiyl

R, = 0,25 um (average arithmetic discrepancy, according to ISO 4287).

1  For temperatures up to 400 °C, nitrided steel has been found suitable, Materials of hai
than that specified but of sufficient corrosion and abrasion resistance have¢been found to be 3
ruction of the barrel and dies.

2 Anincrease in barrel-bore diameter increases the number.of measurements that can bd
e barrel filling and increases the shear rate range of the instrumtent. Disadvantages of using a

diameter are that larger sample masses are required and:that the time necessary to reach
brium throughout the sample is greater. The barrel-bore.diameters of commercially availabl
the range between 6,35 mm and 30 mm.

Capillary dies (method A)

.1 The entire length of the capillary die wall shall be machined to an accuracy of +0
iameter (D) and £0,025 mm for the lehgth (L) (see Figure 1).

capillary shall be manufactured.using techniques and materials that produce a Vickg
rably of atleast 800 HV 30 (according to ISO 6507-1 and Note 1 in 5.1.2) and a surface 1
han R, = 0,25 pm (average-arithmetic discrepancy, according to ISO 4287).

fapillary opening shall.show no visible machining marks or perceptible eccentricity.

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

2
Fials.

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

3 £ The precision with which capillary dimensions can be measured is dependent upon both
sCand the capillary length. With capillaries of diameter smaller than 1,25 mm, the specif

rs hardness

rably of at least 800 HV 30 (according to ISO 6507-1 and Note 1) and a surnface roughness of less

dness values
cceptable for

made with a
arger barrel-
temperature
e rheometers

007 mm for

rs hardness
oughness of

with various
ired.

common die

the capillary
jed precision

(+0,0

=3 3 oo 1 1 : B 1 e - £ 1 211 3:
U/ I IS UITITUIU O ODUAIII. DUt LU UIC TXLUITIIC SCIISIUIVILY O TIOW Udld LU Cdplidl'y Ul

ensions, it is

important that the capillary dimensions, and the precision with which the dimensions are measured, are known
and reported. This also applies to the dimensions (thickness, width, and length) of slit dies (see 5.1.4).
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Key
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Dimensions in millimetres
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|
|
i
|
|
|
|

X
12

|
NFEN

7 capillary die

applied foree or constant velocity

thermal insulation
piston

barrel

heating coil
pressure transducer

die-retaining nut

optical sensor
10 temperature-controlled air chamber
11 thermometer
12 inlet angle

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

80

) H
—
6 |
|
iny
|
|
|
: |
S. o
2\ | o~
| +0,01
N ®12 0
|
! M ) Py
| ( -
! /I \I <
3\ - p | ;TZ
/ ------- &P3
d:
— P <| €
\ - gh n
< - Lk \“_ '-:'I‘ I
e L
A

Key

1 piston 5 channel

2 Dbarrel 6 electrical heater

3 die P; pressure transducers
4  exchangeable part T; thermometers

Figure 2 — Typical example of an extrusion rheometer used with a slit die
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5.1.3.2 To determine the apparent shear rate )’/ap and the apparent shear stress t,, 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 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.

NOTE 1
limited by, th

e design of the instrument.

Die lengths of 16 mm and 20 mm are most commonly used, the choice often being dependent on, and

Options for
value is not
other than 1
as that of th

NOTE 2 Fq
smaller diam

5.1.3.3 To

diameter (*
the recomm
the followin

The use of ol
permitted W
i.e. these co
dies (see 8.4
15. Instead

a different 4
especially iff
outlet. The 7
diameter as

pther die diameters in the range of 0,1 mm to 6 mm are permitted when the recomme
appropriate, for example for heavily filled or low viscous materials. For dies of.dian
mm, the recommended ratio of length to diameter (L/D) shall be the same, where pos
e 1-mm-diameter die used in that instrument.

r a given value of the apparent shear rate, the effect of shear heating of the meltis reduced by
eter capillary dies.

determine the true shear rate y and the true shear stress 7,)capillary dies of the

0,007 mm) and inlet angle (+1°) and having at least two different L/D ratios selected
ended series L/D = 0,25t0 1, 5, 10, 16, 20, 30, and 40 (seéalso 8.4.2) are required, proy
b conditions are met.

nly two dies, of the same diameter (0,007 mm) andinlet angle (+1°),0f L/D<5and L/D 2

hditions having been established in advance-for each class of sample, by using addit]
). When using only two dies, the difference\inf the L/D ratios of the two dies shall be at
bf using a short die having the same entpance angle as the long die, a zero length die

the measurement with the short die-is not appropriate due to sticking of the material 4
ero length die should have an absblute length between 0,2 mm and 0,25 mm and the
the long die. The entrance angle-of “zero length die” can be different from 180°.

It is recommended that, when using-only two dies to determine shear viscosity corrected for entj

pressure dr
of length-to
angle of 180
diameters, (
is not apprg
than 1 mm,
the 1-mm-d

pp effects, a short die-ef length-to-diameter (L/D) ratio in the range 0,25 to 1, and a lon
diameter (L/D) ratio,in the range 5 to 20, both dies having a diameter of 1 mm and an §
°, be used. Alterfiative to the short die, a zero length die can be used. Options for othe
£ 0,3 mm; 0,5 m; 2 mm; 4 mm, shall be permitted when the recommended value of 1
priate, foreXample for heavily filled or low viscous materials. For dies of diameter
the recommmended ratios of length to diameter (L/D) shall be the same as that specifig
ameterdies.

NOTE1 T}

of data to a diete
yields the entrance

NOTE 2

e’ procedure for correction xtrapo

nded
heter
sible,

1se of

same
from
rided

20is

here the test conditions are such that the resultant Bagley plot is not significantly nonlinear,

ional
least
with

ntrance angle can be used for a twe dié Bagley correction in combination with a lonyg die

t the
same

ance
g die
bntry
r die
mm
ther
d for

ation

pressure drop value.

rt die

The reason for using a zero length die is that short dies create sticking of material at the outlet of the

capillary generating errors in too high pressure reading. The plot of pressure versus several die lengths from
the linear part of the Bagley plot (see also Figure 4) will then show that the pressure of the short die is not in line
with the pressure plot of the other dies. The use of a zero length die helps prevent this situation. A comparison
with different die lengths < 20 mm can prove whether the use of the zero length die can give correct results. In
this case, the pressure drop of the zero length die matches the linear part of the plot pressure versus die length of
the Bagley correction (see also Figure 4).
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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 Note 3 in 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 (according to ISO 6507-1 and NOTE 1 in 5.1.2) and a surface roughness

of less than R, = 0,25 pm (average arithmetic discrepancy, according to ISO 4287.)

NOTE

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

5.1.4

spec
atm
(£1°)

5.1.4
spec

the Bagley correction method modified accordingly (see 8.4). Alternatively, a slit die w

trang

5.1.5

If a g
It ca
the g
(accd

5.2

For 4
ther
temp
the d

T

.2 To determine the apparent shear rate j'/ap and the apparent shear stress 7, -inle

ap!
fied by the referring standard, the slit die shall have a ratio H/B of the thickness H'to th

, thickness (0,007 mm), width (+0,01 mm), and length (+0,025 mm) shall be compare

.3 To determine the true values of shear rate y and shear stress:#, slit dies confo1
fication given in 5.1.4.1 and 5.1.4.2 can be used in exactly the same way as capillary di

ducers positioned along the length of its channel can be used to determine true shear s

Piston

iston is used, its diameter shall be 0,040 mm #:0;005 mm smaller than the barrel-bo
W be equipped with split or whole sealing rings in order to reduce melt backflow pas
iston. The hardness of the piston shall be less than that of the barrel, but not less tha
rding to ISO 6507-1).

Temperature control

11 temperatures that can be set, the barrel temperature control shall be designed such
hnge of the capillary die or slit'die, as applicable, and the permissible filling height of t
erature differences and-variations measured at the wall do not exceed those given i
uration of the test.

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

bs otherwise
e width B of

pst 0,1 and shall have an inlet angle of 180°. Only data obtained with slit dieslef-the samle inlet angle

.

ming to the
es, i.e. using
th pressure
[ress values.

re diameter.
[ the land of
h 375 HV 30

that, within
e barrel, the
Table 2 for

and as a

Temperature difference from the set tem-
perature as a function of distance?

Temperature va

Test temperature, 6 function of

riation as a
time?

°C °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 filling height of the
barrel, for the duration of the test.

The test device shall be designed so that the test temperature can be set in steps of 1 °C or less.
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5.3 Measurement of temperature and calibration
5.3.1 Test temperature

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.)

5312 M

pthod B: Slit dies

When slit dies are used the die wall temperature shall be measured and taken as the test.temperdture.

This temper
related and

5.3.2 Me{

The tip of the temperature-measuring device shall be either in contact with the melt or, if this i

possible, in
is feasible n
improve cor
placed as sh|

5.3.3 Tenpperature calibration

pwn in Figure 1 and Figure 2.

ature shall be equal to the test temperature measured in the barrel to within the dist
time-related temperature tolerances given in Table 2. (See also 5.3.1.1 and'5.3.2.)

surement of test temperature

contact with the metal of the barrel or die wall, as close as possible to the melt channe
bt more than 1,5 mm. Thermally conductive fluids can bejused in the thermometer w
duction. Thermometers, preferably thermocouples or:platinum resistance sensors, c{

pnce-

S not
[, if it
ell to
in be

The temperpture-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, while complying with the depth of
immersion prescribed for the thermometer coneerned. For this purpose, the barrel can be filled tp the
top with a lgw-viscosity melt.

No liquids fhat can contaminate the die or barrel or influence the ensuing measurements, su¢h as
silicone oil, $hall be used as heat transférimedia during calibration.

5.4 Measurement of pressure-and calibration

5.4.1 Test pressure

The test pressure shall-'be the pressure drop in the melt, measured as the difference between

the pressur
applicable. |
the entranc

e in themelt before the capillary-die or slit-die inlet and the pressure at the die ex]
If possible, the test pressure shall be measured by a melt-pressure transducer located
e of the die, in which case the distance from the pressure transducer to the die entry

it, as
near
face

shall be kep

[ constant for all tests and should preferably be not more than 20 mm (see Note). Other

wise,

the test pressure shall be determined by the force exerted on the melt, for example by the piston, that
force being measured by a load cell above the piston (see Annex B).

NOTE

It is important that the distance from the die entry face to the pressure transducer is kept constant

for all tests as this otherwise affects the pressure drop measured. The use of pressure transducers at a distance
equivalent to that of the barrel diameter from the die entry face can reduce fluctuations in the pressure being
measured that can arise due to recirculating flow above the die entry.

If testing is to be carried out by extruding to a channel or vessel pressurized to a pressure above
atmospheric pressure, then the pressure at the die exit shall also be measured, preferably using a
pressure transducer located immediately below the exit of the die.

The force- or pressure-measuring devices shall be operated in the range between 1 % and 95 % of their
nominal capacity.
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5.4.2 Pressure drop along the length of the slit die

When using slit dies, the pressure profile along the length of the die shall be measured by flush-mounted
melt-pressure transducers positioned along the die wall.

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

Exte
cells
erroj
1%
pres

5.5

The
masd

If we
the 1
bein

The ¥

Itis1f
flow
detel
plott]

NOTH
the p|
suffig
note

N

6

Fron
num
shall

prep

TTat hydrautictest equipnment tam be used for the catibratiomr of mettpressure trarsy
shall be calibrated in accordance with manufacturer’s specifications. The maximum
in the reading of the melt-pressure transducers or load cells shall be both les$ tlfan
Df the full scale value and less than or equal to 5 % of the absolute value. The’calibra
bure transducers should preferably be performed at the test temperature.

Measurement of the volume flow rate of the sample

yolume flow rate shall be determined either from the feed rate of"the piston or by ¥
of the sample extruded during a measured period of time.

ighing is performed, the conversion to the volume flow rate’shall be made by using th
helt at the prevailing test temperature, the influence of the hydrostatic pressure on
b ignored.

Folume flow rate shall be determined to within 19%.

ecommended that, for purposes of providing’comparable data, the apparent shear rate
rates used for testing are such that data-at the true shear rates specified in 1SO 114
'mined by interpolation. The apparentishear rates should be set at equispaced intq
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
iston can only be conformed ta.if,;among other things, the leakage rate between the piston
iently small. Experience indicates that this can be achieved if the clearance between piston an
kceed 0,045 mm (see 5.1.5):

bampling

) the material'to be tested, a representative sample shall be taken for use as the test
ber of determinations per single barrel filling depends on the moulding material un
therefore’be agreed upon between the interested parties. The temperature during
hration-shall be less than that during the subsequent test.

ucers. Load
permissible
or equal to
tion of melt-

beighing the

e density of
the density

bs and hence
03-2 can be
rvals, when
shear rate.

e feed rate of
and barrel is
d barrel does

sample. The
Her test and
test sample

7 Procedure

7.1

Cleaning the test device

Before each measurement, ensure that the barrel, transducer bores, where applicable, piston,
and capillary or slit die are free of adherent foreign matter. Make a visual examination to check for
cleanliness.
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If solvents are used for cleaning, ensure that no contamination of the barrel, piston, and capillary or slit
die has occurred that might influence the test result.

NOTE

For the purpose of cleaning, circular brushes made of a copper/zinc alloy (brass) and linen cloths have

proved satisfactory. However, the use of copper-containing materials can accelerate degradation of the polymer
when testing polyethylene and polypropylene. Cleaning can also be performed by cautious burning out. Using
graphite on threads facilitates unlocking after the test.

WARNING — The operating conditions chosen can entail partial decomposition of the material
under test, or cause it to release dangerous volatile substances. The users of this document shall
make themselves aware of possible risks, shall prevent or minimize such risks as appropriate,

and shall p

ovide appropriate means of protection

7.2 Selec

For the pur
be obtained
should prefq

tion of test temperatures

bose of providing data for comparison or for modelling, data at three tempgeratures
according to ISO 11403-2. For any given material type, one of the temperatures
rably be the same as that specified in the appropriate material designation or specific

standard fofr use in melt flow rate testing. Melt flow rate shall be measuréd)in accordance

ISO 1133-1

interval of 1
higher or lo
[SO 1133-1 4
preferable t
required.

NOTE1 Fy
viscosity ran

NOTE2 Ty
only. The mg
shear stressg
processing.

and [SO 1133-2. For the other two temperatures, it is recommerrded that a temper
Y0 °C be used (see Note 1 and Note 2). Both of the additional temperatures can be ¢
wer than the recommended temperature as used for the mélt flow rate test (accordi
nd ISO 1133-2), or one higher and one lower. However, other values can be used and c
b use, depending on the specific grade of material and the‘application for which the da]

om an analysis of CAMPUS databases, the average interval in temperature used to measure
bed from 10 °C to 30 °C and was dependent on the material grade.

pical test temperatures for several materials.are given in Table 3. These are listed for inform

st useful data are generally obtained at tlie temperatures used for processing the materia
s and shear rates applied are also intendéd to closely approximate those observed in the 3

Table 3 +— Typical test temperatures

shall
used
htion
with
iture
ither
hg to
in be
a are

shear

ation
. The
ctual

Temperature
Material

°C
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) 245 to 270
Poly(ethylene terephthalate) 275 to 300
PMMA and copolymers 180 to 300

12
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Table 3 (continued)

Temperature
Material
°C
Poly(vinylidene fluoride) 195 to 240
Poly(vinylidene chloride) 150 to 170
Ethylene-vinyl alcohol copolymer 190 to 230
Polyetheretherketone 340 to 380
Polyethersulfone 360

7.3

In ca
contq
with

NOTH
terep

Alloy
the f

To ay
inter
top. 4

7.4

Imm
barr
load
of at
preh
of th
the 1
does
ensu
temp
Then
the n

7.5

Preparation of samples

ses where the fluidity of the melt depends on one or more factors, such as the residu
bnt, gas inclusions, and/or moisture, apply pretreatment or conditioning progedures in
the referring standard and/or the relevant material standard, as applicable:

Examples of materials that can require special preparation (régimes include |
hthalate), poly(butylene terephthalate), and polycarbonate.

Vv the assembled apparatus to reach thermal equilibrium at the’test temperature bef
nal torque on the die (where applicable), then start charging{see Warning in 7.1).

roid air inclusions, introduce the sample into the barrel in separate small quantities,
mediate compactions by means of a piston. Fill the barrel to within approximately 12
\ccomplish charging in not more than 2 min.

Preheating

ediately after charging the barrel, star€the preheat timer. Either extrude a small pq
bl charge at a constant pressure (method 1) or apply a constant volume flow rate unt
or pressure is obtained (method.2):"Then stop the extrusion or volume flow until a
least 5 min, unless otherwise specified by the referring standard, is completed. Ch
bat time used is sufficient to ‘obtain thermal equilibrium of the test sample throughou
e barrel, for each materiahto be tested, either by ensuring that on increasing the p
heasured quantity (voliGme flow rate or test pressure, as applicable) at constant tes
not change by more(than 5 %, or by inserting a thermometer into the sample in th
ring that, within théspecified preheat time, the sample temperature is equal to the s
erature within.the tolerance for the distance-related temperature difference given
extrude a small quantity of the substance under test, stop the piston, wait for 1 min,
easuremeiit:

Determination of the maximum permissible test duration

al monomer
accordance

boly(ethylene

re applying

performing
5 mm of the

rtion of the
il a positive
reheat time
eck that the
F the volume
reheat time,
t conditions
b barrel and
becified test
in Table 2.
ind perform

To ¢

heck that dpgr:\dnh'nn or other processes are not :lffprfing measurements, carry

ut a repeat

measurement towards the end of the test on the same barrel charge, using the same conditions as were
used at the beginning of the test. Compare values obtained at the start and end of the test. A difference

inva

lues is indicative of degradation or other processes affecting measurements.

Alternatively, for each sample and each test temperature, determine by testing, employing several
different preheating times prior to the actual tests, the maximum permissible test duration which
corresponds to the time span, from the end of charging of the barrel, within which the measured
quantity (volume flow rate or test pressure, as applicable) at constant test conditions does not change

by m

© ISO

ore than +5 % (see also 7.4.)
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If determination at all of the required values of test pressure or volume flow rate is not possible within
the maximum permissible test duration of a single test, then make measurements stage by stage, using
several barrel fillings of the same sample.

NOTE With a single barrel filling, it is generally possible to determine several pairs of values for volume flow
rate and test pressure.

For materials that are unstable, in order to minimize the effect of changes on the measurements, it is
recommended that testing be carried out using a decreasing speed profile. The degree of compaction of

the sample can also influence its stability.

7.6 Determimation of testpressure at constamnt volume flow rater Method 2

If the test pfessure necessary to maintain a given volume flow rate is to be determined (seé also|5.4.1
and 7.8), use either of the following methods (see Table 1):

— method|A2, using capillary dies;

— method|B2, using slit dies.

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

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

— method|A1, using capillary dies;

— method|B1, using slit dies.

7.8 Waiting periods during measurement

At each meapurement, wait until the test pressure/{method A2 or B2) or the volume flow rate (methqd A1
or B1) has bpcome constant (e.g. to +3 %) overagiven time period (e.g. 15 s).

NOTE Wlith a single barrel filling, it is generally possible to determine several pairs of values for volumg flow
rate and testpressure.

It is recomnjended that selected measurements are repeated to check the repeatability.

7.9 Measurement of extrudate swelling

7.9.1 General

Measure th¢ degree of extrudate swelling either at the test temperature during the extrusion prdcess,
or after cooling‘ef'the extruded strand to room temperature.

NOTE

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 temperature), the length of the extrudate, the capillary die
length, diameter, and entry geometry, and the barrel diameter. The results obtained can be very sensitive to the
details of the measurement technique. Comparable results can only be obtained when all testing conditions are
identical.

The following procedures give a measure of the degree of extrudate swelling. Other methods can be
used. Although the procedures described are written for capillary dies, they also apply by analogy to
slit dies.
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7.9.2 Measurement at room temperature

The diameter of the extruded strand is measured with a micrometer. In order to minimize the effects of
gravity, use the following procedure:

7.9.3 Measurement at the test temperature

Use g photographic or optical method that involves no mechanical contactswith the extrudg
ordef to minimize the effect of gravity, use the following procedure:

NOTH In order to minimize cooling of the extruded strand during the measurement of extrug
the sfrand can be extruded into a temperature-contrelled air chamber, such as that shown sch

Figurne 1.

8

Expression of results

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

extrude a length of extrudate not longer than 5 cm and cut off the length of extrudate,
end that was extruded first;

to the die;

marking the

when cutting off the length of extrudate, hold it with tweezers and subsequently allow it to cool,

suspended in air, to room temperature;

easure the diameter of the strand as close as possible to the marked end (outside thie ar
y cutting and marking).

femove any extrudate attached to the capillary die by cutting it©©ff as close as possible

extrude a length of extrudate not longer than 5 cm;

r optical techniques.

pa deformed

bd strand. In

to the die;

xleasure the diameter of the extruded strand at a fixedpoint below the die outlet by photographic

ate swelling,
ematically in

8.1 | Volume flow rate
Calcylate the volume flow(rate @, in cubic millimetres per second, using either Formula (1) or
Formula (2):
0=Av (1)
ar
m
Q== (2)
70)
where
A isthe piston cross-sectional area, in square millimetres;
v is the velocity of the piston, in millimetres per second;
m s 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 cubic millimetre.
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8.2 Apparent shear rate

8.2.1 Gen

eral

Calculate the apparent shear rate Yap, in reciprocal seconds, at the die wall, using Formulae (3) or (4),

as applicable.
8.2.2 Method A: Capillary dies
32Q
[
[
where
D s tIe diameter of the capillary die bore, in millimetres;
Q isthe volume flow rate, in cubic millimetres per second (see 8.1).
NOTE Inf the case of Newtonian fluids, Formula (3) gives the true shear rate\}-/at the capillary wa
plastics melt$ do not generally exhibit Newtonian behaviour, the quantity calculated*using this formula is te]
the apparentjshear rate Yap . The true shear rate ¥ can be determined from théapparent one }'/ap by a corrg

procedure (s

Method B: Slit dies

be 8.5.1).

8.2.3
-
B
where
B ist
H
Q
See Note in |
NOTE Eq

Formula (4) g

of the correc
given in Anng¢

is the thickness of the die, in millimetres;

is the volume flow rate, in dubic millimetres per second (see 8.1).

e width of the die, in millimetres;

B.2.2.

verestimates'tiie apparent shear rate ]'/ap by less than 3 %, however, if H/B < 0,1. A detailed an

[ness of the)approximation involved in using Formula (4), together with a correction procedy
x A.

(3)

11. As
rmed
ction

(4)

rmula (4) is strictly true only for infinitesimally small thickness-to-width (H/B) ratios. The yise of

hlysis

re, is

16
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8.3 Apparent shear stress

8.3.1 General

Calculate the apparent shear stress ., in pascals, at the die wall, using Formulae (5) or (6), as applicable.

ap’
8.3.2 Method A: Capillary dies

_pD
T =4l (5)

wherte

B isthe test pressure, in pascals;
1 isthe length of the die, in millimetres;

D isthe diameter of the die, in millimetres.

8.3.3 Method B: Slit dies

HB

- P
a0 =2 (H+B) L (©)

wherte

p s the test pressure above the die inlet, in pascals;
1 is the length of the die, in millimetres;

B is the width of the die, in millimetres;

§ is the thickness of the die, in millimetres.

NOTH The shear stresses caleulated using Formulae (5) and (6) are apparent quantities becausd the pressure
drop [along the length of the die {s"smaller than the test pressure p which is the sum of the presgure losses at

the dje entrance, in the die,;and at the die exit. True shear stresses can be determined by applying appropriate
corregctions either to the t€stpressure p or to the die length L (see 8.4).

8.4 | True shear stress

8.4.1 General

The frue‘shear stress can be obtained by using the Bagley correction method[3] (see 8.4.4 or 8.4.3, as

lipped 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.

NOTE In using capillary-die or slit-die extrusion rheometers for measuring the shear viscosity of plastics,
viscous dissipation and the pressure dependence of the viscosity can affect the results. Nonlinear plots can result.
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8.4.2 Bagley correction for capillary dies (method A)
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 (L/D); < (L/D),, measure the test pressure p as a
function of the apparent shear rate j'/ap 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
differerft values of the apparent shear rate )‘/ap (see Figure 4). The so-called Bagley lines which

result hpve a slope that is four times the true shear stress.

If, when using long capillary dies, deviations from the straight line arise due to the influence of pregsure
on the melf viscosity or due to viscous-dissipation effects, make the measurements using shprter
capillary diges, unless otherwise specified by agreement, in which case the progedure used shgll be
stated in th¢ test report (see Note in 8.4.1).

NOTE The Bagley correction can be performed using suitable computer programs. It is then not necegsary
to follow theg data-plotting procedure described above. However, if computers are used to apply corredtions
to measured|data, a graphic printout of the Bagley plots can enable the ©péfator to assess the validity ¢f the
assumptionsjmade (i.e. to check that the Bagley lines are straight).

Extrapolate| the Bagley line for each apparent shear rate )'/ap to zero pressure (see Figure 4)] The

ordinate digtance p. corresponds to the sum of the die-entrance and die-exit pressure losses at the
apparent shear rate )‘/ap concerned.
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logy
*® (L/D) (L/D), (L/D)3

J/ap2

}/ap1

logp

Figure 3 — Application of the Bagley correction method[3] — Plot of the apparent sh¢
versus the test pnessure p for different values of L/D
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P
}/.ap2
1 /
p-p / }/.ap1
c /
_— L/D
= 3
Q
(L/D)a (L/D) (L/D), (L./D); L/D
(L /D)CZ
Key
1 slope=4r
NOTE The melt pressure p is plotted as a function of L/D for dies of the same diameter for different valyies of
the apparent|shear rate j'/ap .
Figure 4 — Schematic Bagley plot for capillary dies
Calculate thg true shear stress 1 for the apparéent shear rate Yap of interest using either Formula (|7) or
Formula (8)
D
T=(p—-n.)— 7

(=) 7 (7)

where
p isthe test pressure, in pascals;

p. s the pressure correction, in pascals;

D isthediameter of the capillary 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 t for the apparent shear rate
}'/ap of interest can be calculated using Formula (8):

p

i
where (L/D)

20

/D)+(L/D),]

. is the die-length correction (dimensionless).

(8)
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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 L, is less than L,, determine the apparent shear rate
}'/ap 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 L, is less than L,, measure the test pressure p as a
function of the apparent shear rate yap at the die wall.

c) [From the data obtained in a) or b), as applicable, plot the test pressure p as a functien|of L(H + B)/

HB for different values of the apparent shear rate )’/ap . The Bagley lines which result haq a slope that

ils twice the true shear stress (see Figure 5).

)
1
P.
L.(H + B)/HB L(H + B]/HB
Key
1 dlope=271
NOTH The téstpressure p is plotted as a function of L(H + B)/HB for dies of the same width B and thickness H
for a pingle value/of the apparent shear rate ’)'/ap .
Figure 5 — Schematic Bagley plot for slit dies

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 j'/ap to zero pressure. The ordinate distance p_
corresponds to the sum of the die-entrance and die-exit pressure losses at the apparent shear rate j'/ap

concerned.
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Calculate the true shear stress 7 for the apparent shear rate j'/ap of interest using either Formula (9) or

Formula (10):

__HB__ (p-P)
2(H+B) L
where

H is the thickness of the slit die, in millimetres;
is titTewidthof the shitdte, iTmmitimetres;

p isthe test pressure, in pascals;

p. s the pressure correction, in pascals;

L  isthe length of the slit die, in millimetres.

Because the
length corrd

rate yap of i

p

die dimensions H and B are constant, the abscissa distances L (H~+B)/HB represen{
ctions. Thus, as an alternative to Formula (9), the true shear stréss't for the apparent s
Interest can be calculated using Formula (10):

HB

2(L+

where L (H

8.4.4 Dir¢

From the lo

length of thg

8.5 True

X
LC) (H+B)

+ B)/HB is the die-length correction (dimensionless).
ect determination using slit dies (method B)

p slit die, calculate the true shear stress 7 at the die wall using Formula (11):

dp

1B) dL

he longitudinal pressure gradient, in pascals per millimetre;

he width of the slit die, in millimetres;

he thickness of the slit die, in millimetres.

shear rate

8.5.1 General

(9)

die-
hear

(10)

hgitudinal pressure gradient dp/dL medsured using pressure transducers placed along the

(11)

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 method[4], using Formula (12) for method A (see

8.5.2) and F

ormula (13) for method B (see 8.5.3).

22
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8.5.2 Method A: Capillary dies

Y, dlogy
y="2|3+—22 (12)
4 dlogt

dlog)’/a1p

where is the slope of the curve logj'/ap =f(logT).

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 logj'/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
sheaif rate, and consequently true shear viscosity. This is particularly the case when the slope of the furve 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,
1= ap 5 ap (13)
3 dlogt
dlogj’/ap
whelle ————— is as defined in 8.5.2.
dlogt

See Note in 8.5.2.

8.6 | Viscosity
Calcylate the viscosity as the ratio of the shear stress'to the shear rate.

If th¢ ratio is not derived exclusively from true.quantities of shear stress and shear rate, th¢n one of the
following values will result:

— 4apparent viscosity;
— Bagley corrected apparent viscosity;
— Rabinowitsch corrected apparent viscosity.

Thesle shall be named 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

Calctyilate the extrudate swell ratio at room temperature S, and the percent swell at room femperature
s,, uging,Formula (14) and Formula (15):

Da
S, = (14)
D,-D
=) x100% (15)
where
D, isthe extrudate diameter, in millimetres, measured at room temperature;

D  isthe capillary-die diameter, in millimetres, measured at room temperature.
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8.7.2 Measurement at the test temperature

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

D

Spo=—1 (16)
T
DT
D_-D.
sp=—2—Tx100% 17)
Dy
where
D, is tIe extrudate diameter, in millimetres, measured at the test temperature;
Dy is the capillary-die diameter, in millimetres, measured at the test temperaturé;
In the case ¢f slit dies, these calculations can be made using the thickness (or width) of the extrydate
instead of the extrudate diameter and the die thickness (or die width) instead,ef the die diametjer in

Formula (14

should prefd

9 Precis

) to Formula (17). Since swelling can be different in the width andthickness directions, it

rably be determined in both of these directions.

ion

Two interlalhoratory test programmes have been carried out. The first interlaboratory test progra

was comple

In the first
were used:

a rheon
rheome

the shed
(two lah

Repeatabilit
measured a
to be less go
was 10 %

capillary inl

The reprody
PVC at 180
at low shear

fed in 1990, involving seven laboratories and twounaterials (PP and PVC).

interlaboratory comparison, two types of @pparatus and two measurement proceq

heter measuring the extrusion pressure at the capillary inlet (four laboratories) 4
Ler measuring the force applied to the piston (two laboratories);

rrates applied during the tests were imposed successively in decreasing order of magn
oratories) or increasing order (four laboratories).

y was examined by two laboratories, and was found to be improved if the pressurg
[ the inlet to the capillary rather than determined from the force applied to the piston
od at low shear rates (< 100 s71) than at high shear rates (> 100 s™1). Estimated repeata
hnd +5 %, respectively. If long dies are used (L/D > 20), the effect of the geometry d
et can be disregarded if the inlet angle is =2 90°.

icibility-efthe method was estimated by measuring, in seven laboratories, the viscos
C and”190 °C and that of PP at 210 °C and 240 °C. Reproducibility was found to be p

nates (< 100 s71) than at high shear rates (> 100 s71), being +20 % and +10 %, respecti

mme

lures

nd a

tude

was
, and
hility
f the

ty of
orer
rely.

From an examination of the results, it can be seen that reproducibility 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-sensor used: measurements cannot be carried out

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

preferred since it is more accurate.

The effect of the cleanliness of the capillary on the results was not investigated in these tests.
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In the second interlaboratory test programme, completed in 1996, 20 laboratories took part in total,
using polyethylene (PE) and glass-fibre-filled polypropylene (GFPP) samplesltl. 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 the velocity profile deviation caused
by a non-Newtonian fluid were 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 [Z].

NOTH 3  See also Annexes A to C.

Table 4 — Precision data for extrusion rheometry

Extrusion pressure measurement

Matgrial Polyethylene Glass-fibre-filled pglypropylene
Testtemperature, °C 190 230
Repgatability (95 % confidence) 20 % 38%

Shear viscosity measurement [corrected for entrance pressuredrop and velocity profile deviation
caused by non-Newtonian fluid (Weissenberg-Rabinowitsch correction)]

Testtemperature, °C 190 230
Repgatability (95 % confidence) 20%, 24 %
Reprjoducibility (95 % confidence) 28 % 34 %

Entrance pressure drop measurement

Material Rolyethylene Polyethylene Gll)%sl; irlz)lge};lfélrllzd
Testtemperature, °C 190 190 230
Contraction ratio 15 9,55 to 15,5 15
Repijoducibility (95 % confidence) 42 % 50 % $6 %

10 Test report

10.1 General
The test report shallMinclude the following information, as applicable:

a) greferengelto this document including its year of publication, i.e. ISO 11443:2021, and any referring
§tandards;

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

c) the date of the test.

10.2 Test conditions

a) adescription of the material under test;

b) details of any conditioning or preparation of the material or sample, such as 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;
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f)

g)
h)

j)

10.3 Flow|characteristics

10.3.1 Genleral

Report whether the shear rate, the shear stress, and the viscosity are “apparent” or “true” values.

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

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 samlple preheating time;

the dwdll time;

the dwelll time corresponding to the appearance of an alteration in the material, if applicable;
the mayimum permissible test duration, if applicable;

the extijusion time;

details pf any deviations from the requirements of this document dud any incidents likely to|have
influenged the results.

Report 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 stress plptted

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

10.3.2 Graphical representation

The following plots can be ifeliided, as necessary:

26

log shegr stress versuslog shear rate, or vice versa;
log viscpsity versus log shear stress or log shear rate;

log viscpsityversus the reciprocal of absolute temperature at constant shear stress or shear rate;

log viscosity versus temperature in °C at constant shear stress or shear rate;

log critical shear stress or log critical shear rate for each of the observed effects (see 3.19 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;
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— 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 the 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.

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

10.3.3 Individual values

Thesecanbe given for a given series of test conditions as necessary:
(=] (=] 7 J

— ghear stress, in pascals;

— ghear rate, in reciprocal seconds;

— yiscosity, in pascal seconds;

— gwell ratio at room temperature;

— percent swell at room temperature;
— g$well ratio at the test temperature;
— percent swell at the test temperature.

Appdrent and/or true values of shear rate, shear stressyand viscosity can also be presented.

10.4} Visual examination

If vipual examination is possible, report _any change in the surface appearance of the extrudate
(e.g. preak in flow, distortion of extrudate), noting the test conditions at which the change qccurs.

Such|changes can correspond to the Critical shear stresses. In this case, note the values indlividually in
the tpst report as “visual” critical shear stresses.

In addition, if the material changes colour, report the corresponding dwell time.
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Annex A
(informative)

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

shear rate

Formula (4) eivenin

therefore gives the appare

nt shea

when the vo

lume flow rate in th

die-l

atHa (4)

ngth
good

d, at
en in

(A1)

direction is|Q over a distance B in the die-width direction and assuming that no flow takes, place in
the width direction or in the thickness direction. At finite ratios of H/B, Formula (4) is still a
approximatjion, as shown in Figure A.1. This shows the ratio of the apparent shear rates’obtaing
identical volume flow rates Q, from Formula (4) and from Formula (A.1), a corrected formula giv|
Reference [3]:
o - QBH
® BH?® 16H* <5 (1 B
2(B+H)| 2L~ 3 [ tann2
12 5 n=1\ p5 2H
where n is an odd integer.
Y
1,06
1,04 / /
1,02
1
0 0,1 0,2 03 X
Key
X  is the thickness-to-width ratio H/B;
is the shear rate ratio )'/ap / y;p .
Figure A.1 — Shear-rate ratio j'/ap / ygp versus thickness-to-width ratio H/B
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Dividing Formula (4) by Formula (A.1) gives Formula (A.2):
Tap H H(1_ _ nnB
= 1+— 1—0,6274—2 — tanh—— (A.2)
/¢ B B n° 2H
yap n=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

e 60[( HY H\[!
oD _WI_LH-EJV_U'DJUEM (A.3)

The error introduced by using Formula (4) instead of Formula (A.3) is less than 3 %, for thickness-to-
width ratios less than 0,1.
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