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INTERNATIONAL STANDARD

1SO 3219-1977 (E)

Plastics — Polymers in the quuid,'emulsified or dispersed state
— Determination of viscosity with a rotational viscometer

working at defined shear rate

1 SCOPE AND FIELD OF APPLICATION

This Ipternational Standard specifies a method for
determiping the viscosity of polymers in the liquid or in
the liqyid-like state, with a rotational viscometer in which
the thepretical shear rate employed in the test is defined
(see note).

This Infternational Standard is a general specification for
rotationjal viscometers working at a defined shear rate.
A separpte document specific to each product (or group of
products) for which the viscosity is required should define
icular conditions of test for the product : shear
rate, tédmperature, etc. Such a document could be an
individgal standard for the product, a commercial contract,
etc.

In pringiple, the results obtained with different instruments
covered| by the present International Standard are, if not
identicdl, at least in close agreement.

NOTE --| Equations given in this International Standard are
theoretiTI but the shear rate calculated with them is‘very near the

true shegr rate of a Newtonian liquid provided that the apparatus
charactetistics agree with the present International’Standard.

2 REHRERENCES

I1SO 3, Preferred numbers/— Series of preferred numbers.

1SO 31111, Quantities and units of mechanics.

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

4 DEFINITION, SYMBOLS AND UNITS

viscosity (symbol 7) (see 1SO 31N} :[When a fluid is
sheared between two parallel ptanés one of which is moving
in its own plane linearly and unhiformly with respect to the
other, the viscosity of the) fluid is defihed by Newton’s
equation :

r
n=-<—
Y
where

'n Jiscthe viscosity;

7, is the shear stress;
5 =3 s the shear rat
=— s the shear rate;
dz

v being the velocity of one plang with respect to
the other, and

z the co-ordinate normal to the plafes.

NOTE — Products with a viscosity independer{t of the shear rate
at which the measurement is made are copsidered as having
Newtonian behaviour and are called **Newtonian|’.

Others are considered as having non-Newtorjian behaviour and
are called ‘““non-Newtonian’’.

The dimension of viscosity is ML™'T™7|and the SI unit
is the newton second per square metre (N-s/m2) or pascal
second (Pa-s).”*

5 APPARATUS

5.1 Viscometers, coaxial cylinder, c¢ne-and-plate or
double-cone, or any combination of twp of these, with

3 PRINCIPLE

Measurement of viscosity using a rotational viscometer
with  defined characteristics, which permits the
simultaneous measurement of the applied shear rate (see
note to clause 1).

* 1 N-s/m2 = 1 Pas = 103 ¢P (centipoise).

the following characteristics :

5.1.1 For coaxial cylinder viscometers, where the
diameters of the external and internal (stator or rotor)
cylinders are respectively d, and d,, the value of d/d, shall
be as small as possible, preferably not greater than 1,1 and
in no case greater than 1,5. Where the ratio is greater
than 1,1, this shall be stated in the report and if possible
a correction shall be made, this also being indicated in
the report (see note).
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Moreover, if the apparatus is not of such a geometry
{conical bottom with a guard ring at the top) as to correct
for end effects, the following additional condition shall be
satisfied :

h,
—1>15
di

where A, is the height of the internal cylinder.

For these viscometers, the shear rate to be recorded is
the one that g £a p a 2
measuring cylinder, regardless of which is the moving
member. The shear rate shall be calculated (as if the
material were Npwtonian), in seconds to the power minus
one, from the relati

. 4nn |d?
‘y:

X b crr—
60 " dJ2—d?
where

n is the rotational frequency, in minutes to the power
minus one;

d=d, if the internal cylinder is the torque measuring
cylinder;

d=d; if the external cylinder is the torque measuring
cylinder;

NOTE — Correctign formulae should normally be given by the
viscometer manufagturer.

5.1.2 For cond-and-plate and double-cone viscometers;
the angle a between the generator of the cone and_the
plate or between the generators of the two cones.shall
be as small as ppssible, preferably not greater than 1° and
in no case greatér than 4°. Where the angle is\greater than
1°, this shall stated in the report and-if possible a
correction shall| be made, this also being indicated in
the report (see npte in 5.1.1).

For these viscomneters, the sheaf.rate near the surface of
the torgue mepsuring membef ~shall be calculated, in
seconds to the power minus ‘one, from the relationship :

5.1.4 The apparatus shall be such that the shear rate may
be determined for each measurement,

The apparatus shall have an accuracy of viscosity measure-
ment. of better than 2 % of full scale reading for -all
combinations of rotor, stator and rotational frequency.

NOTE — By using different stators, rotors and rotational
frequencies most commercial instruments cover a range of
viscosities of at least 10”2 to 103 Pa:s (10 to 10% cP).

The range of shear rates varies greatly with different
SGQLHPRAG choice—o 8 i iscometer to
be used has to be made considering the viscOsity range
and the shear rate.

Adjustment and calibration of thesey instruménts are
usually carried out by the manufacturer:

Periodic verification of this adjustment and calibration
is recommended and may be ‘performed with liquids of
known viscosity, either by the user or by an| official
standards laboratory.

5.2 Thermostat, jpermitting the product to be [brought
to, and be maintained at, the required test temperature
(usually 23 °Cyaccording to 1SO 291), within 0,2 °C.

This tolerafice of + 0,2 °C is valid for temperatures between
0°C and. 50 °C. Outside these limits a larger tolerance
(£ 0,43C for example) is often sufficient. On t{e other
hand’ for more precise measurements in the usual
tfemperature range it may be necessary to use 3 tighter
tolerance (= 0,1 °C for example).

heating of the material, which must be taken cate of by
the thermostat or, when suitable, a correctiop (often
indicated by the manufacturer of the viscometer)| may be
made.

Note that at high shear rates, the measurement itse;[f causes

NOTE — Commercial viscometers usually incorporate a thermostat.

6 PROCEDURE

6.1 Selection of shear rate (recommended values)

The shear rate(s) shall be specified in the pparticular
document for the product (see clause 1). Howevér, if no
such document exists, the following consideratigns shall

._21rnx
v 60 tapa
27n 1
~ X =
60 «
where

n is the rotational frequency, in minutes to the power
minus one;

o is the angle, in radians.

5.1.3 In the case of instruments combining two of the
above principles, the individual requirements applicable
to each shall be met unless the effect of one is minimal,
when it may be dealt with by a correction.

H PP [
YUiue Uic LITUIRLT,

6.1.1 In order to be able to compare viscosities measured
on different apparatus, it is recommended that the shear
rate be selected from a series consisting of the following
values

1,00 — 2,50 — 6,30 — 16,0 — 40,0 — 100 — 250 s~
and these values muitiplied or divided by 100.

NOTE — These values are preferred numbers of the R 5/2 series
given in ISO 3.

6.1.2 When the product is Newtonian, the shear rate does
not affect the result and in principle any shear rate could
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be chosen. However, as it is generally difficult to be certain
that a product is Newtonian, the shear rate at which the
measurement is made shall always be measured and noted.

6.1.3 If the viscosities of non-Newtonian products are to
be compared, shear rates that are identical or at least
very similar shall be used.

6.1.4 It is possible in the case of all products, and
recommended in the case of non-Newtonian products, that

1SO 3219-1977 (E)

recommended that the instrumental conditions be chosen
to give a deflection as near to the maximum as possible.

6.2.7 Number of tests

For a determination at a single shear rate and at a single
temperature, at least three measurements shall be made
on a single test portion. None of the results shall differ
from their mean by more than 2 % of full scale. It is
advisable to make measurements on several test portions.

For determinations at several shear

rates or several

measurmen:s_bmade_uude.b/_dxﬁamgw SO
that the graph of viscosity/shear rate may be drawn.

6.2 Determination

Proceed according to the information supplied by the
manufacturer of the viscometer, bearing in mind the
followjng principal factors :

6.2.1 |Selection of rotor, stator and rotational frequency

The shear rate(s), selected as in 6.1, is (are) obtained by
a suitable choice of rotor, stator and rotational frequency.

If the|instrument does not allow the direct measurement
of visgosity at one of the selected shear rates, it is advisable
to use| the two closest values bracketing the selected value
and to|interpolate the result.

6.2.2 |Preparation and conditioning of the sample

The s1tmple shall be completely free of air bubbles’ and
impurities before its introduction into the instrument.

For certain products, it may be necessary to condition
the sample at specified temperatures for specified times.

6.2.3 |Products that are hygroscepic/ or contain volatile
compdnents

If the product is hygroscopic-or is composed of or contains
volatile substances, a closed,sample container shall be used.

6.2.4

The telst shall only/be commenced when the temperature of
the material cunder test has reached and is maintained at the
requiregd “temperature within the prescribed tolerance
(see b.R):

Temperature

temperatures, increase the number of test

6.2.8 Drift during measurements

If a drift occurs during the measureme
caused by an internal chemical reactig
by excessive speed of the rotor, evapq
etc., it is possible (that the product
rheopectic. The < ‘particular
concerning such’products should state tl
the reading/shall be taken or stipulatd
of the curyve of viscosity as a function of

In this case the three measurements
shall \be made on three separate test
on a single one.

7 EXPRESSION OF RESULTS

documen{s

s accordingly.

hts, and this is not
n, heating caused
bration of solvent,
is thixotropic or
(see clause 1)
e time after which
the construction
time.

specified in 6.2.7
portions and not

Calculate the average of the three measured viscosities, to

three significant figures, for each test
shear rate and/or temperature,

Express the results (corrected if ne
seconds (Pa.s) (or centipoises, cP), td

portion and each

bessary) in pascal
three significant

figures, indicating in parentheses the temperature and the

shear rate, as in the following example :

7 (23°C, 1 600s~1) = 4,25 Pa-s (or 4250 cP)

Follow, if necessary, the instructions giv

en in the particular

documents (see clause 1) concerning theLdrawing of a curve

for thixotropic or rheopectic materials (s

8 TEST REPORT

e 6.2.8).

The test report shall include a refergnce to this Inter-
national Standard and the following particulars :

6.2.5 Test conditions

The measurement can be made at one or more shear rates
and at one or more temperatures. Further, it is possible
to derive curves of viscosity as a function of shear rate
or of temperature between limits which should be specified.

These conditions should be specified in the particular
document (see clause 1} referring to the product or group
of products.

6.2.6 Precision of results

In order to obtain the maximum precision, it is

a} designation of the product under test;

b) temperature of the test;

c) trade name and model of the viscometer;

d) rotors, stators and rotational frequencies, including,
if necessary, the value of d_/d; or the angle a of the

apparatus used;

e) results, expressed in accordance with clause 7;

f) magnitude of any corrections wh
and the basis of their calculation;

g} date of the test.

ich were necessary


https://standardsiso.com/api/?name=fbb36cc8f90411515d27201063a1131c



https://standardsiso.com/api/?name=fbb36cc8f90411515d27201063a1131c

