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British Standard Methods of testing

Plastics

Part 7. Rheological properties

Method 730A. Determination of reduced viscosity
(viscosity number) and intrinsic viscosity of

plastics in dilute solution

Méthodes d'essai des matiéres plastiques
Partie 7. Propriétés rhéologiques

Méthode 730A. Détermination de la viscosité réduite (indice de viscosité)

des matieres plastiques en solution diluée

Priifverfahren fiir Kunststoffe
Teil 7. Rheologische Eigenschaften

Verfahren 730A. Bestimmung der reduzierten Viskositat (Viskositatszahl)

von Kunststoffe in verdiinnter Losung

IMPORTANT NOTE. Before reading this method it is essential to read the foreword, general introduction and instructions to BS 2782,

issued separatsely.
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0. Introduction 3. Definitions and units _
This method is based on ISO/R 1628 published by the 3.1 Definitions applicable to any liquid .
international Organization for Standardization (1SO) with 3.1.1 viscosity (or dynamic viscosity), . The shear stress

additional provisions based on BS 188. divided by the rate of shear for steady flow of the liquid.

T_he "}ethofj des_c”bes the determ.lnajclo_n Of redl..lced NOTE. Newtonian flow is characterized by a constant value for

viscosity (viscosity number) and intrinsic viscosity and the ratio of shear stress to rate of shear, In non-Newtonian behav-

does not deal with the absolute determination of viscosity,  iour, which is the usual case with high polymer solutions, the ratio

varies with the shear rate. Such ratios are often called the ‘apparent
viscosities’ at the corresponding shear rates.

The Sl unit of dynamic viscosity is the pascal second (Pa s).
1Pas=1Nsm™

The commonly used CGS unit is the centipoise (cP).

The calibration of viscometers is therefore not required
and is not included. For determination of absolute
viscosity reference should be made to BS 188,

Five sizes of viscometer {suspended level, Ubbelohde type)
are detailed in this method. Further types of viscometer

are described in BS 4708, which should be referred to in TmPas=1cP

any cases where none of the viscometers described in this 3.1.2 kinematic viscosity (BS 5168 : 1975); viscosity/
method are suitable. density ratio (ISO/R 472); v. The dynamic viscosity

The choice of solvent and the method of preparation of divided by the density of the liquid, both measured at the

the solution should be given in the standard for the polymer same temperature. The Sl unit of kinematic viscosity is
concerned, but a list of important points to be considered the metre squared per second.

is given in this method. The commonly used CGS unit is the centistokes (cSt).
This method ignores the fraction of the hydrostatic pressure 1 mm?2/s = 1 cSt .
used to accelerate the liquid through the capillary (kinetic 55 poc cieone applicable to polymer solutions ‘

energy term), but the prescribed conditions ensure that the
resuiting error is always less than 3 % of the viscosity of the
solvent, or less than 6 % of the reduced viscosity. In cases
where it is necessary to reduce the error which arises from
ignoring the kinetic energy term, the methods of BS 188
should be used. n = n oM
Warning note, This method does not necessarily detail all Mo

the precautions necessary to meet the requirements of the 3.2.2 specific viscosity (BS 5168 : 1975); viscosity relative
Health and Safety at Work etc. Act 1974, Attention should  increment (1SO/R 1628); 1,. The relative viscosity minus

3.2.1 relative viscosity (BS 5168 : 1975); viscosity ratio
(ISO/R 472); n,. The ratio of the dynamic viscosity of a
solution 1 to that of the solvent 1, each measured at the
same temperature.

be paid to any appropriate safety precautions and the one.
method should only be operated by trained personnel. _
- M- 7o
N =M - 1= .. (2)
Mo
1. Scope 3.2.3 reduced viscosity (BS 6168 : 1975); viscosity number

This method describes procedures for determining the (ISO/R 472); ngp/c. The specific viscosity per unit concen-
reduced viscosity (viscosity number} and intrinsic viscosity tration of the solute,

(limiting viscosity number) of dilute solutions of polymers. N . N~ Mo (3)
. - e ce
2. References . For practical purposes the reduced viscosity is usually _
The following standards publications are referred to in this expressed as ml/g. The reduced viscosity is usually deter- ‘
method. mined at low concentration {(under 0.01 g/mi).
BS 188 Methods for determination of the viscosity  3.2.4 inherent viscosity (BS 5168 : 1975); logarithmic
of liquids viscosity number (ISO/R 472); n. The ratio of the natural
BS 509 Acetone logarithm of the relative viscosity to the concentration of
BS 4708 Method for determination of viscosity of the polymer,
transparent and opaque liquids (kinematic In (n/n,) 8
and dynamic viscosities) c
BS 5168 " Glossary of rheological terms : Units are the same as in 3.2.3.
ISO/R 472 Plastics — Definition of terms The inherent viscosity is usually determined at low
(3rd edition 1969) concentration {under 0.01 g/mi).
ISO/R 1628  Plastics — Directives for the standardiza- 3.25 intrinsic viscosity (BS 5168 : 1975); limiting

viscosity number (1SO/R 472); [n]. The limiting value of
the reduced viscosity or of the inherent viscosity as the
concentration approaches zero.

tion of methods for the determination of
the dilute solution viscosity of polymers

1SO 31056 Glass capillary kinematic viscometers — .
Specification and operating instructions [n] = lim  7-7 _ lim In (n/no) (n/no) ... (5)
ISO 3205 Preferred test temperatures €=>0 MoC c->0 ¢

Units are the same as in 3.2.3.

NOTE. The effect of shear rate on the functions defined in 3.2.1

to 3.2.5 has been disregarded, since this effect is usuatly negligible ‘
for values of these functions at concentration less than 500 ml/g.

Strictly speaking, all these functions should be defined ambcu ments . ’

NOTE. Further references are given in appendix B of this standard.

limiting (preferably infinitely small) value of tii2 sficar ra



http://www.avadocuments.com/doc/bs-2782-7-method-730a-1979
http://www.avadocuments.com/doc/bs-2782-7-method-730a-1979

BSI Bux~c?82:PT?! METH%730A

4, Measurements

The data needed for the evaluation of the functions defined
in 3.2 shall be obtained by means of a capillary tube visco-
meter. The efflux times of a given volume of solvent (z,}
and of solution (t) are measured at a fixed temperature and
atmospheric pressure conditions in the same viscometer.
The efflux time of a liquid is related to its viscosity by the
Poiseuille-Hagenbach-Couette equation:

_ A
v = kt—?

. (6)
where & is a constant of the viscometer and A is a para-
meter of the kinetic energy correction.

If the kinetic energy correction can be disregarded, this
equation can be reduced to

y =kt =2 o (7)
p -

where p is the density of the liquid.

In this method the term A/t is considered to be negligible
when it is smaller than 3 % of the kinematic viscosity of
the solvent (see appendix B). [f this condition is accepted
{i.e. unless other agreements have been made), and since

p can be ‘assumed to be the same for the solvent and the
dilute polymer solution, the relative viscosity will be given
by the ‘efflux time ratio’ t/,. That is:

n _ pkt _ t

e = = pkt,

.. {8)
Mo

to

B. Solutions

5.1 Preparation of solutions. Solutions shall be prepared as
detailed in the relevant standard for the polymer. The dis-
solution of the polymer sample should give a “true’ solution,
free of microgels and of associated macromolecules.
Polymer degradation should be minimized. The following
factors shall be carefully considered:

(a) solvent pretreatment, if any;
(b) the apparatus and method of agitation used;

(c) the temperature range within which the system is
maintained during preparation of the solution;

(d) the time interval necessary for completely dissolving
the polymer without degradation, or at constant
degradation;

(e) the stabilizer and/or protecting atmosphere used;
(f) the conditions of filtration of the solution, if applied.

5.2 Concentration. Where no standard exists, in addition to
the above factors, careful consideration shall be given to the
choice of solvent and the solution concentration. The solu-
tion concentration shall be chosen so that the ratio of the
efflux time of the solution (t) to the efflux time of the
solvent (t,) is at least 1.2 and less than 2.0. A lower limit
of 1.2 is necessary in order to have sufficient precision on
the measured difference of efflux times, The upper limit

of 2.0 is recommended because at high relative molecular
mass there can be, at the usual concentrations, shear effects
and non-linearity of the concentration in relation to
reduced viscosity,

More than one concentration can therefore be used for a
given polymer-solvent system, depending on the relative
molecular mass of the polymer.

The concentration shall be expressed in grams of polymer
per millilitre of solution (g/ml).
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6. Temperature of measurement

The temperature should be chosen with respect to
sufficient solubility and other technical requirements but -
kept uniform for one particular polymer solvent system.

A temperature of 25 * 0.05 °C shall be chosen whenever
possible unless another temperature is required for
technical reasons.

The temperatures 100 °C, 85 °C, 70 °C, 65 °C, 40 °C are
recommended {see 1SO 3205) as options for determination
of viscosity.

7. Apparatus

1.1 Capillary viscometer, suspended level, Ubbelohde type
(see figure 1). It is recommended that a viscometer be
chosen from among those listed in table 1. The choice is
determined by the kinematic viscosity of the solvent at
the temperature of measurement {see appendix B),

as indicated in table 1. The next smaller viscometer can
also be used.

The five viscometers recommended in table 1 correspond
to those listed in ISO 3105 and ASTM D446. BS 4708
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Figure 1. Ubbelohde viscometer
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