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Foreword

[SO (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 procedures used to develop this document and those intended for 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 accordance with the editorial rules of the
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Introduction

Two methods are described in this document to determine the viscosity of polymer solutions, the efflux time
method and the differential pressure method. The results of both methods are equivalent. Differences may
be found due to different conditions for the determination, such as concentration, solvent or shear rate.

The differential pressure method which has been incorporated in this document has the importantadvantage
for industry that it is more easily adapted to automation, leading to improved efficiency, higher throughput,
and enhanced safety for the operator. The new added method can help in the reduction of solvents use due to
the lower requirement for washing of the capillaries.

Another advantage of the new alternative differential pressure method is that it can be integrated within
existing pdlymer characterization workilows, as part of existing or new polymer analysis Instrumental setups.

© IS0 2024 - All rights reserved
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Part 1:
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solution using capillary viscometers —
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ent specifies the general conditions for the determination of the reduced viscosit]
nd K-value of organic polymers in dilute solution. It specifies the standard_paramete
viscosity measurement.
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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
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is the shear stress;

is the viscosity;

the other and z the coordinate perpendicular to the two planes

Note 1 to entry: The units of viscosity are Pa-s.

is the velocity gradient or rate of shear, given by ? where v is the velocity of one plane relative to
VA

Note 2 to entry: Viscosity is usually taken to mean “Newtonian viscosity”, in which case the ratio of shearing stress
to velocity gradient is constant. In non-Newtonian behaviour, which is the usual case with solutions of polymers

with high
correspon

3.1.2
viscosity,
Kkinematic
1%

ratio defin

bl
P
where p is

density ratio
viscosity

ed by the formula

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

Note 1 to entry: The units of kinematic viscosity are m2-s1,

3.2 Teri

3.2.1
relative v
viscosity
nr

ratio of the
the same t]

anE

ms related to polymer solutions

scosity
ratio

 viscosity of the polymer solutign (of stated concentration) n and the viscosity of the so
Emperature

Note 1 to entry: The ratio hasne dimensions.

3.2.2
relative v
viscosity

Tp
VISCOSIty 1]

scosity increment
Fatio increment and specific viscosity

Atio‘minus one

Eﬂmuwmmmmmw&mmmmmiues” at the
ing shear rate.

lvent n, at

Note 1 to entry: The increment has no dimensions.

3.2.3

reduced viscosity
viscosity number

I

© IS0 2024 - All rights reserved
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ratio of the relative viscosity increment to the polymer concentration c in the solution

1

277—770

No¢

Note 1 to entry: The units of reduced viscosity are m3/kg.

Note 2 to entry: The reduced 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 molar mass, for which higher concentrations can be necessary.

3.2.4

inherent viscosity
logarithmic viscosity number

nini{
ratio of the

Ninh =]

e natural logarithm of the viscosity ratio to the polymer concentration in the solution

Note 1 to enptry: The dimensions and units are the same as those given in 3.2.3.

Note 2 to ¢
cm3), excep

3.2.5
intrinsic v
limiting v
n

limiting v3

[n]=1lim

+0

[

[n]=1jim

c

htry: The inherent viscosity is usually determined at low concentration (less than 5 kg/m3, i
t in the case of polymers of low molar mass, for which higher concentrations can be necessary.

riscosity
iscosity number

lue of the reduced viscosity or of the inherent ¥iscosity (3.2.4) at infinite dilution

)

n—-"o
Noc

-0 c

Note 1 to entry: The dimensions andunits are the same as those given in 3.2.3.

Note 2 to e
effect is us
0,5 m3/kg,
small) valu

3.2.6
K-value

htry: The effect of-the shear rate on the functions defined in 3.2.1 to 3.2.5 has been neglected
ually negligiblé\for values of the reduced viscosity, inherent viscosity and intrinsic viscosit
i.e. 500 cm3/g Strictly speaking, all these functions can be defined at the limiting (preferab
e of the shear rate.

e. 0,005 g/

I, since this
y less than
y infinitely

b Aoty walatnd 0 tha walotivn yricoacibyy o d soponndbat o ond 0 Actiaarn +h
V1S5€

empirical
average of

poromc e r oottt to— e rcrocrv o

the molecular mass of polymers

OSTCy ot COTCTIIrtratro oSttt to— o otrirate—orc

viscosity

Note 1 to entry: For constant measurement parameters such as type of solvent, concentration and temperature, the
K-value depends only on the viscosity average of the molecular mass distribution.

4 Principle

4.1 Gen

eral

The data needed for the evaluation of the functions defined in 3.2 are obtained comparing viscosity
measurements of a polymer solution and the solvent.

© IS0 2024 - All rights reserved
3


https://standardsiso.com/api/?name=c85249296dcea2994778f0dd984bcbe3

ISO 1628-1:2024(en)

4.2 Method A — Efflux time method

The data are obtained by means of a capillary-tube viscometer. The efflux times of a given volume of solvent
t, and of solution ¢ are measured at 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 formula

as shown in Formula (1):

v:ﬂ:Ct—(iJ 1
p t2
where
v isthewiseesityfdensityratio:
C iga constant of the viscometer;
A idaparameter of the kinetic-energy correction;
p igthe density of the liquid;
n  igthe viscosity of the liquid;
t idthe efflux time.
For the pufposes of this document, the kinetic energy correction (—] shall be regarded as negligible when
t

itis less th

an 3 % of the viscosity of the solvent. Hence, Formula\1) can be reduced to Formula (2]:

v="ldct 2)
P
Moreover, |if the solution concentrations are limited so that the solvent density p, and that of the|solution p
differ by lgss than 0,5 %, the viscosity ratio LR will be given by the so-called “efflux time ratio” ;t— .
Mo 0
The need for these constraints, and the consequences of not observing them, is described in Annefx A.
4.3 Method B — Differential pressure method
The data e}ﬁe obtained by means.of a 2-capillary relative viscometer. The differential pressure acrpss each of
the 2 capillaries connected-inseries, one of them receiving the solvent Ap,, the other receiving te polymer
solution Ap, are measured-at’a fixed temperature while applying a forced flow through them.
The differpntial pressute across a capillary tubing is related to the viscosity of the flowing liquid under
laminar flpw regime,/by the Poiseuille formula as shown in Formula (3):
8,/
Ap=—%n 3)
I

where

Ap is the differential pressure in a capillary tubing;

q, istheliquid flow rate;

[ isthe capillary tubing length;

r  isthe capillary tubing radius;

n isthe viscosity of the liquid;

© IS0 2024 - All rights reserved
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As in a 2-capillaries serial configuration viscometer (see 5.2) the same flow rate g, is maintained for the
n Ap

solvent and the polymer solution, the viscosity ratio — is proportional to the pressure ratio —— . By
Mo Po
introducing the instrumental constant K|, the viscosity ratio us can be calculated from the pressure ratio
Mo
as seen in Formula (4) and Formula (5):
n Ap.
N _,. @
Mo Apy
with
4
Ml
K, =0 (5)
!
where

I idthe polymer solution capillary tubing length;
r  igthe polymer solution capillary tubing radius;
[, igthe solvent capillary tubing length;
ro igthe solvent capillary tubing radius.

The instrymental constant K|, can easily be measured by flowifg’solvent through both capillaries|given that
n

the viscosity ratio — is 1,0 for solvent, and therefore solvifig'in Formula (4):
Mo
A
K, =%
z&p

Possible squrces of errors for this method aredescribed in Annex B.

5 Apparatus
5.1 Efflux time method

5.1.1 Capillary viscométer, of the suspended-level Ubbelohde type

The use of a viscometér having the dimensions given in Figure 1 or Figure 2 is strongly recommended.
Furthermdre, it is. stiiongly 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 type TTEteT a1t Ay be used, pr e 1 s ent to those
given by the particular size of Ubbelohde Vlscometer chosen on the basis of the criteria spe01f1ed in the
preceding paragraph. In cases of dispute, an Ubbelohde viscometer shall be used.

With automated apparatuses, fitted with special timing devices, equivalent results with larger sizes of
capillaries than those listed for the appropriate solvent viscosity/density ratio in Table 1 can be obtained.
Some modified viscometer excluding parts P and L can be used, and the measuring part of the viscometer
meets the recommendations of the Table 1.

5.1.2 Viscometer holder, suitable to hold the viscometer firmly in the thermostatic bath (5.1.3) in the
vertical position.

© IS0 2024 - All rights reserved
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Dimensions in millimetres
18
‘/V

L N

50
’
\

10

283

90

15
\
/

! 4

30

\

A lpwer reservoir 26 mm internal diameter L  mounting tube 11 mm internal diameter
B spispended level bulb M  lower vent tube 6 mm internal diameter

C t mitna bl N oo A il 7 o totarn ol Ao oo
¥ e T

THTIT S oo ™ PP v eTrcta ot/ T T oot

D upper reservoir P connecting tube
Eand F timing marks R working capillary
Gand H filling marks

Figure 1 — Ubbelohde viscometer
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5.1.3 Thermostatic bath, transparent liquid 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 K.

Dimensions in millimetres

50

20
m

40
M

/F

| -

1 B

S T a

_ — 4
2 —t—— A

20

-

Figure 2 — DIN Ubbelohde viscometer

NOTE For key, see Figure 1.

© IS0 2024 - All rights reserved
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5.1.4 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.

5.1.5 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 solvent at |Nominal viscom- Ubbelohde conforming to DIN Ubbelohde conforming to
temperature of eter constant ISO 3105 ISO 3105
measurenrent
Size No Inside diameter Size No Inside diameter
’ of tube R2 ' of lube R?
mnj2-s-1 mm?2-s~2 mm mm
0,150 0,30 0,001 0 0,24 0 D,36
0,3110 0,50 0,003 0C 0,36 0c 0,47
0,510 0,75 0,005 0B 0,46 0a 0,53
0,76 §0 1,50 0,01 1 0,58 I 0,63
1,51 0 2,50 0,03 1C 0,77 Ic D,84
2,51105,00 0,05 1B 0,88 Ia 0,95
5,01 tp 15,00 0,1 2 1,03 11 1,13
a  The tol¢rance of the inside diameter of tube R is +2 %.

5.2 Differential pressure method

A schematlic diagram of a relative viscometer used.in this method is depicted in Figure 3, ind
relevant dqomponents. It is strongly recommended to use automated instruments capable o

cating the
[ injecting

polymer splutions into the measurement/polyiner solution capillary while maintaining a constgnt flow of
solvent (q,)) through the system.

qv

ap

Key

A solventreservoir

B solvent delivery system

C  polymer solution injection system
D  polymer solution

E  waste reservoir

F  reference/solvent capillary

G  measurement/polymer solution capillary

q, liquid flow rate

Apy

differential pressure across the reference capillary

Ap differential pressure across the measurement capillary

Figure 3 — 2-capillary relative viscometer

The solvent delivery system (B) may be a positive displacement pump, syringe pump or similar capable
of delivering solvent at a consistent flow rate, with maximum permissible error of 5 %. Flow rates from

© IS0 2024 - All rights reserved
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0,5 cm3/min to 3,0 cm3/min may be used. Flow rate will be set to a level to ensure a sufficient differential
pressure without reaching the overload limit of the pressure transducer sensors.

NOTE Given the capillary dimensions, the measurement shear rate is controlled by the solvent delivery system
flow rate.

A proper polymer solution injection system (C) shall be used that is capable of injecting a definite volume of
the polymer solution (D) into the measurement/polymer solution capillary (G).

The reference/solvent capillary (F) and the measurement/polymer solution capillary (G) shall be kept
at the same temperature, enclosed in a proper temperature-controlled device with variations from the
specified temperature lower than +0,2 K. The nominal dimensions of the two capillaries are specified by
the inside diameter and length. Inside diameter may be 0,25 mm to 0,75 mm, and length 80 mm to 600 mm,
dependingon the sysStem fflow rate and range of SOIVent and polymer sotution viscosity. T he dimensions of
the capilldries shall ensure that the differential pressure generated upon the flow of solvent’gr polymer
solution li¢s within the operation range of the used pressure sensor. Capillary specificationsyincluding inner
diameter gdnd length, should be used for dilute solution viscosity testing of specific materials.

The differgntial pressure in each of the capillaries is measured by differential pressute-sensors as$ indicated
in Figure 3. Any sensor capable of measuring differential pressure with an uncertainty of measyrement of
0,5 % of'its full range may be used.

6 Solutions

6.1 Preparation

The dissolution of the test sample of polymer in the solvent shall give a true solution, essentiglly free of
microgels pnd associated macromolecules. Polymer degradation shall also be minimized. For thege reasons,
the dissolytion procedure shall be exactly specified, and.thé following factors shall be specified:

a) the so|vent and its pretreatment, if any;
b) the apparatus and the method of agitation;
c¢) thetemperature range within which the system is maintained during the preparation of the golution;

d) the time interval necessary for ¢he complete dissolution of the polymer without degradation, or at
constdnt degradation;

e) the stabilizer and/or the protective atmosphere used;
f) the copditions of filtration of the solution, if applicable;

g) visuallhomogeneijty.of the solution and expected nature/composition of the filter residue.

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 measured viscosity ratio is at least 1,2
in the case of measuring efflux times, and less than 2,0 in all cases.

NOTE A lower limit of 1,2 ensures sufficient precision of the measured difference in efflux times, while the
precision of the measured differential pressures is sufficient even at lower values of viscosity ratio. The upper limit
of 2,0 prevents shear effects and non-linearity of the viscosity number in relation to concentration that can occur for
polymers with high molecular masses.

More than one concentration may therefore be used for a given polymer/solvent system, depending on the
molecular mass of the polymer under test.

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

© IS0 2024 - All rights reserved
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7 Temperature of measurement

The temperature shall be chosen with due regard to sufficient solubility and other technical requirements
but kept constant for any particular polymer/solvent system. The temperature tolerance shall be specified.
A temperature of 25 °C with a tolerance +0,05 K for the efflux time method or +0,2 K for the differential
pressure method, shall be chosen whenever possible. If a different temperature is used, as agreed between
the parties concerned, this shall be mentioned in the test report.

8 Procedure

8.1 Efflux time method

8.1.1 Ge

Measure t
procedure

8.1.2 Pr
8.1.2.1

8.1.2.2 (
30° from t
the viscon]
air bubble

8.1.2.3
charged v
is to be m
avoided as
attained w

8.1.24 1
already co
The additi

8.1.2.5 1
controlled
shall be m
8.1.2.3. Th
manufacty

8.1.3 Ef]

neral

he efflux times for the solution and the solvent successively in the same viscometer,
described in 8.1.2 and 8.1.3.

eparing and charging the viscometer

Maintain the bath at the specified test temperature.

harge the dry, clean viscometer (the cleaning procedure isspecified in Annex C) by tilti
he vertical and pouring sufficient liquid through tube I'(see Figure 1 or Figure 2) so

5 in the viscometer. The initial filling may be carried out away from the bath.

Mount the viscometer in a holder in the bath,’ensuring that tube N is vertical. Allow ti

scometer to reach the temperature of thefydth. Usually, 15 min will suffice if the me
hde at 25 °C. At higher temperatures, longer times are necessary. Unnecessary delays|
it is found that the most consistent results are obtained shortly after temperature equ
ith a freshly charged viscometer.

'his procedure shall also be followed when a measured amount of solvent is added to
ntained in the viscometey inrorder to create a more dilute solution for additional deter
bnal solvent shall be maintained at the specified test temperature prior to use.

h automated equipment, the viscometer is fixed in the vertical position within a ter
bath and the apparatus is designed to fill the viscometer with liquid in this position|
pintained at¢he specified test temperature and an equilibration time selected in accor

rer, and'the solvent/solution volume charged can make meniscus between the filling mar

flix time measurement

using the

Ing it about

rhat, when

eter is returned to the vertical, the meniscus is between the filling marks G and H. Avoid trapping

me for the

hsurement
should be
ilibrium is

a solution,
minations.

hperature-
. The bath
nce with

a
e charge method of the modified viscometer is according to the requirements of the i(ﬂlstrument

ks G and H.

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 edge of mark F. For polymer solutions containing small amounts of finely divided pigments,
such as carbon black, it shall be necessary to view the top of the meniscus. Where large concentrations of
pigments are involved, it shall be necessary to centrifuge the solution before proceeding.

© IS0 2024 - All rights reserved
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The opening and closing of the tubes may be carried out conveniently by means of taps or clips on clean flexible
tubing attached to the ends of the tubes, making sure that no fluff or other contaminant enters the tube.

The first flow shall not be taken into account for measuring the efflux time. Repeat the measurement of
efflux time immediately, without emptying or recharging, until two successive efflux times agree to within

0,25 %. Ta

ke the mean of these two values as the efflux time.

If two successive determinations of the mean efflux time of the solvent differ by more than 0,4 s, clean the

viscomete

r as specified in Annex C.

The efflux time for any new solution, created by the addition of solvent to an existing solution held in the

viscomete
8.2 Diff]

8.2.1 Ge

When an 4
the measu
constant K

The tempd

polymer s¢lution.

8.2.2 (g

8.2.2.1 ¢

Typically,
pressure s

allows onliine or offline calculation of the viscosity-ratio signal applying Formula (4), as well a

ratio incre

Two alterr

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

prential pressure method

neral

utomated instrument is used, follow the instrument manufacturer instructions to pr¢
rement of the pressure ratio for the polymer solution under test and the 'viscometer ins
- The viscosity ratio is then calculated applying Formula (4).

rature in the capillaries enclosure shall be stabilized before proceeding with the injec

llection of viscosity ratio increment signal

reneral

n automated instruments the Ap and Ap,, signalsare collected continuously from the
ensors and a pressure ratio is also continuously calculated directly from them. The pre

ment signal according to 3.2.2.

ative procedures may be used to'obtain the polymer solution viscosity ratio incremer

ceed with
trumental

tion of the

ifferential
ssure ratio
5 viscosity

t from the
rocedures

ly reading

collected dignals: plateau height and peak‘area, as described in following paragraphs. The two p
provide eduivalent results.
8.2.2.2 Plateau height
When a large enough volume“of polymer solution is injected to the measurement capillary, a stea
of viscosity ratio incrementSignal is obtained as illustrated in Figure 4.
nsp
0,18 | |
|
0,13 - f |
|
0,08 - i
|
0,03 1 I
-0,02 T T T T T T T T T T T T T T T T T : T T T T T T T T
0 0,2 0,4 0,6 0,8 1 X
Key
X  volume, in ml

Figure 4 — Plateau height — Viscosity ratio increment signal profile
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The polymer solution viscosity ratio increment is read as the height of the plateau in the polymer solution
viscosity ratio increment signal, as indicated by the double arrow in Figure 4. The height of the plateau shall
be taken as the average of the values within a volume range, for which the fluctuation of data is below 0,5 %.

8.2.2.3 Peak area

Alternatively, an accurately specified and relatively small volume (0,2 ml to 0,5 ml) of polymer solution
may be injected to the measurement capillary, in which case instead of a steady reading of viscosity ratio
increment a chromatographic-like peak as a function of elution volume is obtained. This is illustrated in

Figure 5.

Nsp

FaN A

Key

X volum

The area ynder the peak (4) is quantified and used in;¢alculations of the polymer solution visc

increment

4

T’sp =

where

Nsp(V)
V.

inj

The area,

volumes r{
as indicate

A(ng

6,10
0,08 H
0,06 H
0,04
0,02 -
0

-0,02

IL start

b, in ml

Figure 5 — Peak area: viscosity ratio increment signal profile

using Formula (6):

(nsp (V)
V.

inj

is the continuous viscasity ratio increment signal as a function of elution volume, V;

is the volume of\polymer solution injected into the measurement capillary.

4, in Formula,(6) is calculated as a definite integral according to Formula (7) within {
inge specified by integration limits set before the peak start (IL,,) and after the peak

d in Figdre's.

stari

IL

V)):J.IL

end

Nsp (V)dV

osity ratio

(6)

he elution
end (IL )

(7)

start

9 Expression of results

9.1 Red

uced viscosity and intrinsic viscosity

Results are preferably expressed as a reduced viscosity.
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In the efflux time method, the reduced viscosity /, in the units 10-3 m3/kg, i.e. cm3/g, is calculated using

(8)

Formula (8):

[ _t=t

toc

where

t  isthe efflux time of the solution, in seconds;

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

¢ ithe concentration, expressed as 103 kg/m3, i.e. g/cm3.
Alternativgly, the reduced viscosity may be obtained by the differential pressure nmethod
determined pressure from differential pressure sensors using Formula (9):

- p-an

Apoc

where

Ap i3 the differential pressure in the measurement capillary tubing;

Ap, i} the differential pressure in the reference capillary tubing;

¢ ig the concentration, expressed as 103 kg/m3, i.e.g/cm3.
or using the calculated solution viscosity ratio increment according to Formula (10):

=

c

where

Ny 19 the viscosity ratio incrgment of the tested polymer solution;

¢ ithe concentration,expressed as 103 kg/m3, i.e. g/cm3.
The resultp can also be expréessed as an intrinsic viscosity [1], for example in order to compare cop
different average molecular masses for which it has been necessary to use different concentration

The intrinsic viscgsity should be calculated from the values of inherent viscosity or reducec

obtained

of plotting thé.ihherent-viscosity values or the reduced-viscosity values (on the ordinate axis) 3
concentrafiof (on the abscissa) and extrapolating the curve to zero concentration. The intrinsic v

r conentrations cl, c2, c3 ..., in the approximate ratio 1:2:3 ..., by a graphical method

using the

9

(10)

olymers of
s (see 6.2).

| viscosity
consisting
gainst the

riscosity is

read off th

e ordinate axis.

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

The intrinsic viscosity [n] can also be calculated from one value of the reduced viscosity, for instance by

using Formula (11):

[n]=1

I

+k’cl
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where k’is an experimental constant, usually between 0,2 and 0,3, which shall be determined previously by

measuring the reduced viscosity at two different concentrations and applying Formula (12):

,_

_11

I, -1,

Iy(cy—cq)

(12)

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

9.2 K-value

The K-val

K-valu
where kis
lgn, =
and theref]

1,]
k=

e =1000k

calculated as follows, according to H. Fikentscher[1l:

75k

—— 4k |100c
1+150kc

pre

Ign, —1+\/1+(E+2+1,51gnr )1,51gnr
Cc

where

n-=

S|

c
A limiting

[n]k =

10 Test

The test re

150+300c

B is the viscosity ratio (see 3.2.1);

is the concentration, in 103kg/m3, i.e. g/cm3.

viscosity number [n], can becalculated from k:

23.0,3.(75/(2 +k)

feport

port shall ¢entain the following particulars:

h | 1 1 1L h | h | . ) 1 A ml 1 £33
€ Ldll DE Cdlitulated ITOIIT UIC T CIdLIOISIIP SITOWIL d5 FOLIIIUId (1O ).

(13)

a) areference to this document including its year of publication, i.e. ISO 1628-1:2024;

b) the spgcific method used (efflux time or differential pressure), the procedure used to obtain the polymer
solutiom viSToSIty Tatio IMCTement Wier tie differential pressure method 15 Used, and the particular
standard for the polymer tested, if one exists;

c) all details necessary for identification of the material tested, including type, source and manufacturer’s
code number;

d) the concentration of material in the solution used, a description of the solvent and details of the
preparation of the solution;

e) details of the viscometer used;
f) the temperature of the test;

g) the testresults;

© IS0 2024 - All rights reserved
14


https://standardsiso.com/api/?name=c85249296dcea2994778f0dd984bcbe3

ISO 1628-1:2024(en)

h) the date of the test;
i) any deviations from the procedure;

j) anyunusual features observed.
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Annex A
(informative)

Efflux time method — Notes on sources of error

A.1 General

Guidance is

solution as
reproducil
errors are

A.2 Prij

The relatiy

solution and solvent. The liquid flows, under the force of gravity, through the-capillary of a suspe

Ubbelohde
fluids (see
that the dd

A.3 Sou

The most important sources of error in capillary viscometry are related to

deviatjion of the viscometer from the vertical,

defined in Clause 3. The measurement of these properties can usually be carried outv

pility than that attained in absolute measurements of viscosity since many of the ling
approximately the same for both solvent and solution and are effectively cancelled.

1ciple of measurements

re viscosity and the other parameters defined in Clause 3 are calculated from the effly

viscometer. The efflux times are taken to be proportional tothe viscosity/density r
Clause 4). This is equivalent to stating that the kinetic energy and other errors are neg
nsity of the solvent differs negligibly from the density ofthe’solutions.

rces of error

e tension,
ry end effects,
ge effects,

s heat effects,

static head variations,

by evaporatioh,

in the measurement of the concentration and efflux time,
pffects;

intemperature stability and measurement and

rs in dilute
vith better
trumental

1X times of
nded-level
atio of the
igible, and

a) surfad
b) capills
¢) draing
d) wviscoy
e)

f)  hydro
g) losses
h) errors
i) shear
j) errors
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![2][3], Viscous heat effects are
negligible when the capillary viscometer is operated by gravity. Errors due to deviation from the vertical

and variat

ions 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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The solvent efflux time should preferably be at least 70 s in order to measure it reproducibly, but it should
not be longer than about 200 s in order to avoid long efflux times for the corresponding solutions.

The effect of shear rate can be serious, since polymer solutions are often non-Newtonianl4l[2], Strictly
speaking, the measurements should be carried out at very low shear rates, but in the usual procedures the
shear rate is as high as 1 000 s~1 or more. Fortunately, it can be shownl6lIZI[8] that shear rate effects are very
small unless the molar mass of the polymer is higher than 10¢ g/mol, which seldom happens with commercial
polymers. Furthermore, it is impractical to take account of shear rate effects for the purposes of international
standardization, and a better approach is to specify the tolerance of the viscometer dimensions in such a way
that the shear rate is closely reproducible in different laboratories testing the same polymer sample.

It can be concluded that the most important source of error in the measurements is the kinetic-energy
term. Its value may be considerable. For example, using Formula (A.1) to calculate the error with different
standard Ubbelohde viscometers when the solvent is dichloromethane, the error is approximately 0,28 %
when the inner diameter is 0,36 mm, and increases to 15 % with 0,58 mm. The increased resultant error in
the reducdd viscosity will be of the order of 30 % and, for special work outside the scope of this dgcument, it
might be appropriate to include a kinetic-energy correction.

A.4 Chdice of viscometers

Since it is| impractical to introduce a kinetic-energy correction into interrdational standardizgtion, it is
necessary|to choose the viscometer in such a way that

a) either|the kinetic-energy term is negligible, or
b) itiscdnstant and reproducible in different laboratories.

It can be |[shown that the second condition cannot be realized easily. In fact, the maximum|fractional
hydrostatic pressure X spent in kinetic energy is given appreximately by Formula (A.4).

The efflux|time of a liquid is related to its viscosity by<the Poiseuille-Hagenbach-Couette formulg as shown
in Formulg (A.1)[4].

nl nghR* e mV
pl| 8LV 8nlLt

(A1)

v ithe viscosity/density ratio;
id the viscosity of the liquid;

id the density of salyent or solution;

n

p

R  igthe capillarinner diameter;
L idthe length of the capillary;

|4

id the volume of timing bulb;

t isthe efflux time;
m is the coefficient.

Coefficient m is related to the capillary structure and solvent/solution viscosity at a certain temperature.
To approximate the calibration of hydrostatic pressure spent in kinetic energy, let m be equal to 1,0. In
Formula (A.2), A is the kinematic viscosity and B is the kinetic energy correction. Calculate the approximate
efflux time t of the liquid using the kinematic viscosity with Formula (A.3).

nghR* .V

Vv — =
8LV 8nlLt

In

A-B (A.2)
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tEv-8LV (A3)
1tghR4
2 4
B |4 1 _R'gh (A4)

A" w?ghR* 2 64IP?

[t is important to note in Formula (A.4) that the efflux time and the reservoir volume by themselves do not
influence the value of X.

For standard glass capillaries with diameters between 0,3 mm and 1,0 mm, the tolerance limits for the
diameter[19[11] are usually +0,02 mm, corresponding to approximately +30 % and *8 %, respectively,
of the value of X, whereas the mean hydrostatic head h is 120 mm * 10 mm and the capillary length L is
90 mm * 1mm, corresponding to approximately #30 % of the value of X. The conclusion is that, unless the

normal tolerances on standard capillaries are severely restricted, the kinetic-energy term cannhqt be made

reproducible. It is therefore necessary to choose viscometers which minimize it.

In this dqcument, the maximum permitted value of the kinetic energy correction/X is fixed at 3 %
corresponfing to approximately 4 % to 6 % of the reduced viscosity. Under these lconditions the kinetic
energy coljrection may be regarded negligible as specified in 4.2.

From Formula (A.4), it can be seen that, at fixed values of h and L, the criticalparameter which determines
the magnifude of X is the ratio RZ/v.

By inserti]:g

h=120 mm,

L =90 mm

and
X<0,08
in Formula (A.4), a relationship between the maximum capillary radius to be used and the vdlue of v is
obtained gs shown in Formula (A.5):
R2<0,l11v (A.5)

or, for the fiameter,

D2 < 0444y (A.6)

where R afnd D afein mm and v is in mm?2-s71,

It will be nated that Formula (A.6) is dependent on the particular values ascribed to the mean Hydrostatic
head and ' : i ' i ' 1 ticular, are
slightly different for the Ubbelohde and DIN Ubbelohde versions.

Formula (A.6) permits calculation of the maximum theoretical diameter that could be used for a solvent
whose viscosity/density ratio v is known at the temperature of measurement. It follows that, in order to
determine the properties of polymers described in this document, the viscosity/density ratio for the solvent
chosen shall be known. Table A.1 gives values at 25 °C for several of the established solvents for polymers,
together with the calculated theoretical maximum capillary diameter for the Ubbelohde viscometer.

Formula (A.6) has also been used to select the recommended sizes of Ubbelohde and DIN Ubbelohde
viscometers given in Table 1. Other appropriate series of viscometers and sizes can be identified by
substituting the relevant values into Formula (A.3).
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