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Foreword

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

Part 1:
General principles

1 Bcope

This|document defines the general conditions for the determination of the reduced viscosity, intrinsic
viscpsity and K-value of organic polymers in dilute solution. It defines the standatd parameters that are
appljed to viscosity measurement.

This|document is used to develop standards for measuring the viscosities.in solution of indiyidual types
of pplymer. It is also used to measure and report the viscosities of pelymers in solution for which no
sepdrate standards exist.

2 Normative references

The [following documents are referred to in the text jn such a way that some or all of their content
congtitutes requirements of this document. For dated references, only the edition cited ppplies. For
undgted references, the latest edition of the referenced document (including any amendments) applies.

ISO B105, Glass capillary kinematic viscometers-= Specifications and operating instructions
ISO 80000-1, Quantities and units — Part.1: General

ISO 80000-4, Quantities and units — Part 4: Mechanics

3 [Ferms and definitions

For the purposes of this dogument, the terms and definitions given in ISO 80000-1, ISO 800(J0-4 and the
following apply.

ISO @nd IEC maintain terminological databases for use in standardization at the following addresses:

— [SO Onlixeybrowsing platform: available at https://www.iso.org/obp

— |ECEléctropedia: available at http://www.electropedia.org/

3.1 Terms related to any liquid

3.1.1

viscosity

property of a fluid sheared between two parallel plates, one of which moves relative to the other in
uniform rectilinear motion in its own plane, defined by the Newton formula

=Ny

where

© IS0 2021 - All rights reserved 1
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T  isthe shear stress;

n  isthe viscosity;

is the velocity gradient or rate of shear, given by (cll_v where Vis the velocity of one plane relative
z

to the other and z the coordinate perpendicular to the two planes.

Note 1 to entry: The dimensions of viscosity are ML-1T-1,

Note 2 to entry: The units of viscosity are Pa-s.

Note 3 to entlry: For practical use, the sub-multiple 10-3 Pa-s is more convenient.

Note 4 to en
stress to ve
polymer soly
correspondi

3.1.2

try: Viscosity is usually taken to mean “Newtonian viscosity”, in which case the ratio of she
locity gradient is constant. In non-Newtonian behaviour, which is the usual _case with
tions, the ratio varies with the shear rate. Such ratios are often called “apparent\¥iscosities” g
g shear rate.

viscosity/density ratio

kinematic
v
ratio defing

where p is t

viscosity

d by the formula

he density of the fluid at the temperature at which the viscosity is measured

Note 1 to en

ry: The dimensions of kinematic viscosity are i2T-1.

Note 2 to enfiry: The units of kinematic viscosity are2-s1,

Note 3 to enfry: For practical use, the sub-multiplé 10-® m?-s71, i.e. mm2-s-1, is more convenient.

3.2 Terni

3.2.1
relative vig

s related to polymer solutions

cosity

viscosity ratio

Nr
ratio of the

solvent 1, 4

n, =

viscosity af-the polymer solution (of stated concentration) n and the viscosity of the
t the sathe'temperature:

aring
high-
t the

bure

Mo

Note 1 to entry: The ratio has no dimensions.

3.2.2

relative viscosity increment
viscosity ratio increment and specific viscosity
viscosity ratio minus one

n 1"
Mo Ty

Note 1 to entry: The increment has no dimensions.

© ISO 2021 - All rights reserved
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3.2.3

reduced viscosity

viscosity number

I

ratio of the relative viscosity increment to the polymer concentration c in the solution:

_N1Ty
UMY

1

Note 1 to entry: The dimensions of reduced viscosity are L3M-1,

Note|2 to entry: The units of reduced viscosity are m3/kg.

Note|3 to entry: For practical use, the sub-multiple 10-3 m3/kg, i.e. cm3/g, is more convenient'and the commonly
quotpd numerical values for reduced viscosity (viscosity number) use these practical units.

Note|4 to entry: The reduced viscosity is usually determined at low concentration (lessthan 5 kg/m3, i.e. 0,005 g/
cm3)} except in the case of polymers of low molar mass, for which higher concentrations is necessary.

3.2.4
inhgrent viscosity

logarithmic viscosity number
ratig of the natural logarithm of the viscosity ratio to the polymér concentration in the solution:

Note|1 to entry: The dimensions and units are the safie as those given in 3.2.3.

Note|2 to entry: The inherent viscosity is usually{determined at low concentration (less than 5 kg/m3,i.e. 0,005 g/
cm3)} except in the case of polymers of low madlar mass, for which higher concentrations is necessary.

3.2.5
intrjnsic viscosity
limiting viscosity number

]

limiting value of the reduced viscosity or of the inherent viscosity (3.2.4) at infinite dilution:

nl=lim (MJ

c—0\ 1Mo
In us
n]=lim Mo
¢>0 c

Note|1lte entry: The dimensions and units are the same as those given in 3.2.3.

Note 2 to entry: The effect of the shear rate on the functions defined in 3.2.1 to 3.2.5 has been neglected, since
this effect is usually negligible for values of the reduced viscosity, inherent viscosity and intrinsic viscosity less
than 0,5 m3/kg, i.e. 500 cm3/g. Strictly speaking, all these functions can be defined at the limiting (preferably
infinitely small) value of the shear rate.

3.2.6

K-value

constant, independent of the concentration of the polymer solution and peculiar to the polymer sample,
which is a measure of the average degree of polymerization:

K-value=1 000 k

Note 1 to entry: According to H. Fikentscherlll, k is calculated as follows:

© IS0 2021 - All rights reserved 3
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75k?2
len. = ———+k [100c
&l £1+150kc ]

and therefore

1,51gn. —1+\/1+(§+2+1,51g17r )l,SIgnr

k=
150+300c¢
where
n _ 1| isthe viscosity ratio (see 3.2.1);
r no
c is the concentration, in 103 kg/m3, i.e. g/cm3.

Note 2 to enfry: A limiting viscosity number [5], can be calculated from k:

[n], =2B0,3(75k%+k)

4 Principle

The data ndeded for the evaluation of the functions defined in 3«2 are obtained by means of a capillary-
tube visconpeter. The efflux times of a given volume of solvent@, and of solution ¢ are measured at fixed
temperature and atmospheric-pressure conditions in the same viscometer. The efflux time of a liqid is
related to ifs viscosity by the Poiseuille-Hagenbach-Couette formula as shown in Formula (1):

v=2=(‘t—( 4 ) S

2

v is the viscosity/density ratio;

C is aconstant of the viscometer;

A is g parameter of the kinetic-energy correction;
p isthe density of the liquid;

t isthe effluxtime.

For the purpases of this document, the kinetic energy correction (Az) shall be regarded as negligible
£

N\ /
when it is less than 3 % of the viscosity of the solvent. Hence, Formula (1) can be reduced to Formula (2):

P
Moreover, if the solution concentrations are limited so that the solvent density p, and that of the
solution p differ by less than 0,5 %, the viscosity ratio S will be given by the so-called “efflux time
U
., t
ratio- —.
t

The need for these constraints, and the consequences of not observing them, is described in Annex B.

4 © IS0 2021 - All rights reserved
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5 Apparatus

5.1 Capillary viscometer, of the suspended-level Ubbelohde type.

The use of a viscometer having the dimensions given in Figure 1 or Figure 2 is strongly recommended.
Furthermore, it is strongly recommended that the size of the viscometer be chosen from among those
listed in Table 1. The choice is determined by the viscosity/density ratio of the solvent at the temperature
of the measurement, as indicated in Table 1. The next-smaller viscometer may also be used.

Other types of viscometer listed in ISO 3105 may be used, provided they give results equivalent to those
given by the particular size of Ubbelohde viscometer chosen on the basis of the criteria specified in the
prededing paragraph. In cases of dispute, an Ubbelohde viscometer shall be used.

With automated apparatus, fitted with special timing devices, equivalent results with larger sizes of
capillary than those listed for the appropriate solvent viscosity/density ratio in Table 1 can e obtained.

5.2 | Viscometer holder, suitable to hold the viscometer firmly in the therfmdstatic bath |(5.3) in the
vertical position.

© IS0 2021 - All rights reserved 5
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Eand F
GandH

Dimensions in millimetres

loweTrxeservoir 26 mm internal diameter

283

50

20

40

10

90

15
\

30

20

mounting tube 11 mm internal diameter

suspended level bulb

timing bulb

upper reservoir

timing marks
filling marks

lower vent tube 6 mm internal diameter
upper vent tube 7 mm internal diameter
connecting tube

working capillary

Figure 1 — Ubbelohde viscometer
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5.3 Thermostatic bath, transparentliquid or vapour bath of a size such that, during the measurement,
all sections containing test liquid are at least 20 mm below the surface of the bath medium and at least
20 mm away from all boundaries of the bath tank.

The temperature control shall be such that, within the range 25 °C to 100 °C, the temperature of the bath
does not vary from the specified temperature by more than 0,05 K over the length of the viscometer, or
between the viscometers if several determinations are carried out simultaneously.

At temperatures higher than 100 °C, the tolerance shall be +0,2 °C.

Dimensions in millimetres

50

:

40
M

/F

R

1 B

g T ¢

B H
2 T A

\

NOTE For key, see Figure 1.

Figure 2 — DIN Ubbelohde viscometer
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5.4 Temperature-measuring device, thermometer, reading to 0,02 °C in the range in which it will be

used and in

a known state of calibration, is suitable.

5.5 Timing device. Any timing device may be used providing that it can be read to 0,1 s and that its
speed is constant to 0,1 % over 15 min.

Table 1 — Ubbelohde viscometers recommended for the determination of the dilute-solution

viscosity of polymers

Viscosity/density .
ratio of sqlventat vil\;(c):)nnlll:eetlir Ubb to
temperature of ISO 3105 ISO 3105
constant
measurgment
Inside Inside
diameter of diameter pf
Size No. tube R2 Size No. tube R2
mm?2{s-1 mm2-s~2 mm mm
0,15 to|0,30 0,001 0 0,24 0 0,36
0,31 to[0,50 0,003 0C 0,36 0c 0,47
0,51 to|0,75 0,005 0B 0,46 Oa 0,53
0,76 to|1,50 0,01 1 0,58 I 0,63
1,51 to|2,50 0,03 1C 0,77 Ic 0,84
2,51 to|5,00 0,05 1B 0,88 Ia 0,95
5,01 to [L5,00 0,1 2 ;03 II 1,13
a2 The tolerfance of the inside diameter of tube R is 2 %.
6 Solutipns
6.1 Prep[)ration
The dissolufion of the test sample of polymer in the solvent shall give a “true” solution, essentially|free
of microgelf and associated macromelecules. Polymer degradation shall also be minimized. For these
reasons, it is necessary for the dissolution procedure to be exactly defined and it is recommended|that
the followirg factors be specified:
a) the solvent and its pretxeatment, if any;
b) the apparatus andithe method of agitation;
c) the temperattre range within which the system is maintained during the preparation of the
solutiom;
d)
constant degradation;
e) the stabilizer and/or the protective atmosphere used;
f) the conditions of filtration of the solution, if applicable;
g) visual homogeneity of the solution and expected nature/composition of the filter residue.
8 © IS0 2021 - All rights reserved
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6.2 Concentration

Where no standard exists, careful consideration shall be given to the choice of solvent and the solution
concentration. The solution concentration shall be chosen so that the ratio of the efflux time of the
solution to the efflux time of the solvent is at least 1,2 and less than 2,0.

NOTE Alower limit of 1,2 ensures sufficient precision of the measured difference in efflux times. The upper
limit of 2,0 prevents shear effects and non-linearity of the viscosity number in relation to concentration that can
occur at higher molecular masses.

More than one concentration can therefore be used for a given polymer/solvent system, depending on
ther

1olecular massofthe polymer undertest.

The foncentration is preferably expressed in kg/m3 of solution or as the multiple 103 kg/m3, i.e. g/cm3.

7
The

I‘emperature of measurement

temperature shall be chosen with due regard to sufficient solubility and othdr technical

reqy
shal

temﬂJ
the tlest report.

8

8.1

Mea
prog

8.2

8.2.

8.2.2

aboy
whe
trap

8.2.]
char
isto
avoi

1

irements, but kept constant for any particular polymer/solvent systém. The temperatu
be specified. A temperature of 25 °C + 0,05 °C shall be chosenZiwhenever possible
erature is used, use the temperature that was agreed between the parties concerned a

Procedure

General

sure the efflux times for the solution and théolvent successively in the same viscometg
edure described in 8.2 and 8.3.

Preparing and charging the viscometer

Maintain the bath at the specified test temperature.

. Charge the dry, clean-viscometer (the cleaning procedure is specified in Annex A)

t 30° from the vertical-and pouring sufficient liquid through tube L (see Figure 1 or Figui
h the viscometerzis\weturned to the vertical, the meniscus is between the filling marks G g
bing air bubblesin the viscometer. The initial filling may be carried out away from the b3

8 Mountthe viscometer in a holder in the bath, ensuring that tube N is vertical. Allow
ved viscometer to reach the temperature of the bath. Usually, 15 min will suffice if the m
beAndde at 25 °C. At higher temperatures, longer times is necessary. Unnecessary delay

e tolerance
If another
nd stated in

b1, using the

by tilting it
le 2) so that,
nd H. Avoid
th.

time for the

pasurement

s should be

Hedas it is found that the most consistent results are obtained shortly after temperature

equilibrium

is at

tained with a freshly charged viscometer.

8.2.4 This procedure shall also be followed when a measured amount of solvent is added to a
solution, already contained in the viscometer, in order to create a more dilute solution for additional
determinations. The additional solvent shall be maintained at the specified test temperature prior to use.

8.2.5 In automated equipment, the viscometer is fixed in the vertical position within a temperature-
controlled bath and the apparatus is designed to fill the viscometer with liquid in this position. The bath
shall be maintained at the specified test temperature and an equilibration time selected in accordance
with 8.2.3.

© IS0 2021 - All rights reserved
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8.3 Efflux time measurement

See Figure 1 or Figure 2.

Close tube M and apply suction to tube N, or pressure to tube L, until the liquid reaches a level about
5 mm above mark E. Hold the liquid at this level by closing tube N.

Open tube M so that the liquid drops away from the lower end of capillary tube R.

When the liquid is clear of the end of the capillary and the lower end of tube M, open tube N. Measure
the efflux time to the nearest 0,2 s as the time taken for the bottom of the meniscus to pass from the
top edge of mark E to the top pﬂgp of mark F _For pn]ymnr solutions Pnnfnining small amounts of £ nely
divided pigments, such as carbon black, it shall be necessary to view the top of the meniscus, Where
large conceptrations of pigments are involved, it shall be necessary to centrifuge the solution‘bgfore
proceeding

The opening and closing of the tubes may be carried out conveniently by means of taps,ob clips on dlean
flexible tub]ng attached to the ends of the tubes, making sure that no fluff or other, éontaminant enters
the tube.

The first flgw shall not be taken into account for measuring the efflux time:xRépeat the measurement
of efflux timhe immediately, without emptying or recharging, until two successive efflux times agrg¢e to
within 0,25|%. Take the mean of these two values as the efflux time.

If two succgssive determinations of the mean efflux time of the solvént differ by more than 0,4 s, dlean
the viscomagter as specified in Annex A.

The efflux time for any “new” solution, created by the additioii-of solvent to an existing solution helld in

the viscomagter, shall be determined as a separate liquid, in accordance with this procedure.

9 Expression of results

9.1 Reddced viscosity and intrinsic viscosity

Results are[preferably expressed as a reduced viscosity.
The reducedl viscosity I, in the unit§ 1073 m3/kg, i.e. cm3/g, is calculated using Formula (3):
r—t
I=—* (3)
toF
t s the effluxtime of the solution, in seconds;

ty is the efflux time of the solvent, in seconds, through the same viscometer;

¢ isthe<concentration, expressed as 103 kg/m3, i.e. g/cm3

The results can also be expressed as an intrinsic viscosity [n], for example in order to compare
copolymers of different average molecular masses for which it has been necessary to use different
concentrations (see 6.2).

The intrinsic viscosity shall be calculated from the values of inherent viscosity or reduced viscosity
obtained for concentrations c1, c2, c3 ..., in the approximate ratio 1 : 2 : 3 ..., by a graphical method
consisting of plotting the inherent-viscosity values or the reduced-viscosity values (on the ordinate
axis) against the concentration (on the abscissa) and extrapolating the curve to zero concentration. The
intrinsic viscosity is read off the ordinate axis.

It is recommended that the method of least squares be used for analysing the experimental values.

10 © IS0 2021 - All rights reserved
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The intrinsic viscosity [n] can also be calculated from one value of the reduced viscosity, for instance by

using Formula (4):

I
[n]_1+k'c1

(4)

where k” is an experimental constant, usually between 0,2 and 0,3, which must be determined
previously by measuring the reduced viscosity at two different concentrations and applying

Formula (5):

R A
L1, (c;—cy)

In the calculation of k', it should be preferable to use several concentrations and plot Fagainst ¢, drawing
a strjaight line through the points and selecting two positions on this line to give values for gubstitution
in the formula for k'.

9.2 | K-value
The K-value can be calculated from the relationship shown as Formula\(6):
KK-value=1 000 k (6)

where kis defined by the formulae given in 3.2.6.

10 [lest report
The test report shall contain the following particulars:

a) p reference to this document, i.e. ISO 1628-1:2021, and the particular standard for the polymer
Lested, if one exists;

b) hll details necessary for identification of the material tested, including type, pource and
manufacturer’s code number:

c) the concentration of matérial in the solution used, a description of the solvent and d¢tails of the
preparation of the solution;

d) (etails of the visedmeter used;
e) the temperature of the test;
f) the testresults;

g) [hedate of the test.

© IS0 2021 - All rights reserved 11
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Annex A
(normative)

Cleaning of apparatus

It is essential that all apparatus coming into contact with the liquid under test is scrupulously clean.

Any impuri

be obtained.

Before the t

filters, rubH

hydrochlor

from the glg
the glass ap
in contact v

warm the c

Remove the
oven at a t¢
distilled, dr

with a vacu

Between syccessive determinations of the efflux times of samples of a similar nature, the viscon
shall be cld

distilled an

in an electy

checked by

If the next
permissiblg
further qua

It is recomy]
for use wi
intervals.

either diredtly or indirectly:

WARNING

acid is toxilc. Appropriate action should also be taken to ensure the safe disposal of these a
Goggles and protective gloves should be worn. Any splashes should be washed off the
immediately with plenty of cold water. Inhalation of the vapours should be avoided.

12

ties, such as dust, traces of liquid or filaments in the viscometer, will cause false resul

ts to

est, clean the viscometer and all other apparatus used (glass vessels, pipettes, sintered-§
er tubing, etc.). A suitable detergent may be adequate. Aqua regia (3 volumesleoncentr
c acid and 1 volume concentrated nitric acid) may be required to remove inorganic resi
ssware, and a suitable solvent may be required to remove oil and grease(EoHowing this|
paratus and then clean it with specially prepared chromic acid solution:\Leave this soly

hromic acid gently on a water bath.

chromicacid and rinse atleast five times with distilled or defonized water. Dry in an ele
mperature no higher than 100 °C or rinse at least five timiés with acetone that has
ied and filtered, drying the apparatus with a slow stream of filtered dry air or, prefer
um line.

aned by draining and thoroughly rinsing with“a suitable volatile solvent that has
d filtered. Dry the apparatus with a slow stream of filtered dry air, with a vacuum lin|

establishing that the efflux times with*a.given solvent and viscometer remain constant

solution to be measured is of a-polymer of the same type and of similar viscosity,
to drain the viscometer, wash it'with the next solution to be measured and then fill it wi
Intity of this solution.

hended that viscometernS used for silicone fluids and fluorocarbons be reserved exclus

rlass
ated
dues

dry
ition

Fith the glassware overnight at a minimum temperature of 20 °C. For_more active cleaning,

ctric
been
ably,

eter
been
e, or

ic oven at a temperature no higher than~100 °C. The effectiveness of the cleaning can be

it is
ith a

vely

h these fluids and that these viscometers be subject to calibration checks at frequent

reat care shall be @aken to ensure that these fluids do not contaminate other appar

htus,

Particular care should be taken when using aqua regia and chromic acid. Chrgmic

cids.
skin
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B.1

ISO 1628-
Annex B
(informative)

Notes on sources of error

General

1:2021(E)

Guidance is given in this document on the determination of the viscometric properties jof
dilute solution as defined in Clause 3. The measurement of these properties can usually be
with better reproducibility than that attained in absolute measurements of viscesity siy
the instrumental errors are approximately the same for both solvent and solufion, and ar¢

cand

B.2
The

of so
leve
of th
negl
B.3
The
a)
b)
‘)
d)
e)
f)
g)
h)

elled.

Principle of measurements

elative viscosity and the other parameters defined in Clause’3 are calculated from the
lution and solvent. The liquid flows, under the force of gravity, through the capillary of a

e fluids (see Clause 4). This is equivalent to stating. that the kinetic energy and othe
gible and that the density of the solvent differs negligibly from the density of the soluti

Sources of error
most important sources of error in capillary viscometry are related to
surface tension,
capillary end effects,
drainage effects,
viscous heat effects,
Heviation of the Ziscometer from the vertical,
hydrostatic héad variations,
osses by.evaporation,

br1'ors in the measurement of the concentration and efflux time,

bolymers in
carried out
ce many of
e effectively

pfflux times
suspended-

Ubbelohde viscometer. The efflux times are taken to be proportional to the viscosity/density ratio

[ errors are
pons.

i) shear effects,

j) errorsin temperature stability and measurement,

k) kinetic energy.

Fortunately, most of these effects can be considered negligible for the proposed procedures. Errors due
to surface tension, end effects and drainage effects are quite small in tests with organic solvents in
the Ubbelohde viscometer, when relative measurements of viscosity are concerned[2l[3], Viscous heat
effects are negligible when the capillary viscometer is operated by gravity. Errors due to deviation from
the vertical and variations in the hydrostatic head are usually very small with this type of viscometer.

Solvent losses by evaporation and concentration errors depend on the particular test procedure and
have to be taken into account.
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