
Users of this Test Guideline should consult the Preface, 
in particular paragraphs 3, 4, 7 and 8.
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12 May 1981OECD GUIDELINE FOR TESTING OF CHEMICALS

"Viscosity of Liquids"
(- Capillary Method, using capillary viscometer and flow cup

- Rotational Viscometer method
- Forced Ball Viscometer method, using rolling
ball viscometer and drawing ball viscometer)

1. I  N  T   R  O  D  U  C  T   O  R  Y    I   N  F  O  R  M   A  T   I   O  N

• P  r  e  r  e  q  u  i  s  i  t  e

– Density, for the rolling ball viscometer method

• G  u  i  d  a  n  c  e    i  n  f  o  r  m  a  t  i  o  n  

– Melting point/melting range
– Boiling point/boiling range

• C  o  e  f  f  i  c  i  e  n  t    o  f    v  a  r  i  a  t  i  o  n

Coefficients of variation appeared to be dependent on the chemicals tested. They are
calculated from the mean values given by the participants of the OECD Laboratory
Intercomparison Testing, Part I, 1979, and their range is from 0.004 to 0.09, without referring
to different methods applicable.

• Q  u  a  l  i  f  y  i  n  g    s  t  a  t  e  m  e  n  t

The five methods listed are appropriate in principle for the investigation of Newtonian
liquids. The measurement of non-Newtonian liquids is only possible with the rotational
viscometer.

• A  d  d  i  t  i  o  n  a  l    c  o  m  m  e  n  t  s

These methods are capable of greater precision than is likely to be required for
environmental assessment.

The ranges are as follows:

Capillary viscometer 0.5 mPa s to 105 mPa s
Flow cup 8 mPa s to 700 mPa s
Rotational viscometer 10 mPa s to 109 mPa s
Rolling ball viscometer 0.5 mPa s to 105 mPa s
Drawing ball viscometer 0.5 mPa s to 107 mPa s
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• S  t  a  n  d  a  r  d    d  o  c  u  m  e  n  t  s

The majority of the methods described is based on both international and national
standards. The appropriate ISO-Standards describing the concerned methods are cited within the
text of this Test Guideline.

A good summary of measuring instruments and measuring methods can be found in
reference 2, Section 4, Literature.

2. M  E  T   H   O  D

A. INTRODUCTION,  PURPOSE,  SCOPE,  RELEVANCE,
APPLICAT ION  AND  LIMIT S  OF  TEST

The viscosity of fluids is environmentally relevant owing to the penetration of fluids into
the soil and the harmful effect on the groundwater which may thus possibly be caused. From
the point of view of this problem, surface tension as well as questions of wettability, miscibility
or solubility play a part in addition to viscosity, so that it is usually not sufficient to consider
viscosity alone.

There is no environmentally relevant limit in the direction of low viscosities. The lower
the viscosity the more easily a fluid seeps into the soil. The lowest dynamic viscosity of liquids
occurring at room temperature is approximately 0.2 mPa s, that is to say 1/5 of the viscosity
of water at 20°C. A limit in the direction of high viscosities cannot be precisely quoted.
Dynamic viscosities above approximately 107 mPa s are so high that penetration into the soil
is no longer probable.

In the case of substances which have a yield value (pastes, ointments), the substance may
still not penetrate into the soil, although the dynamic viscosity may be low after the yield value
has been exceeded. If the substance is soluble in water or can be emulsified, environmental
damage may occur despite the existence of a flow limit.

• D  e  f  i  n  i  t  i  o  n  s    a  n  d    u  n  i  t  s

Viscosity is the property of a fluid substance of absorbing a stress during deformation
which depends on the rate of the deformation. Similarly, the stress can be regarded as the cause
which brings about a deformation rate.
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The shear stress τ and the shear rate D are related by the equation.

η is defined as the dynamic viscosity.

For Newtonian liquids, the viscosity is constant at all shear rates and depends only on
the variables pressure and temperature.

For non-Newtonian liquids, the viscosity will vary with shear rate.

If the viscosity is measured with capillary viscometers without applied pressure, the
measured quantity obtained is the ratio of dynamic viscosity to density, the so-called kinematic
viscosity ν.

The SI unit of dynamic viscosity is the Pascal second, Pa s. For practical use a
submultiple is more convenient; 1 mPa s = 10-3 Pa s (one centipoise [cP] in the obsolete cgs-
system.)

The SI unit of kinematic viscosity is the square metre per second, m2/s. The normal sub-
unit derived from this is the square millimetre per second, mm2/s = 10-6 m2/s. (1 mm2/s = 1
centistoke [cSt] in the obsolete cgs-system.)

• R  e  f  e  r  e  n  c  e    s  u  b  s  t  a  n  c  e  s

The reference substances need not be employed in all cases when investigating a new
substance. They are provided primarily so that calibration of the method may be performed
from time to time and to offer the chance to compare the results when another method is
applied.

The list of reference substances on the next page has been extracted from that
recommended by the I.U.P.A.C.

• P  r  i  n  c  i  p  l  e    o  f    t  h  e    t  e  s  t    m  e  t  h  o  d

Viscosity measurements are carried out predominantly according to three measurement
principles:

(a) The flow under gravity through a capillary, (capillary viscometer or flow cup)

(b) Shearing of the fluid between concentric cylinders, coneplate and parallel plate
(rotational viscometer).
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List of reference substances (extract from IUPAC-list) (1)

Chemical name 
(identification n°)

Certified value 
and accuracy

Source* Remarks

Series of mineral oils
(hydrocarbons, partly
natural, partly synthetic
products)

Type JS 2.5 - 2000 
(series of 10 liquids)

Type 60 H

Type 200 H

Mineral oil

Mineral oil

Polyisobutenes

Series of 11 mineral oils

Series of 7
polyisobutylenes

1 mPa s to 27,000 mPa s
(1.25 mm2/s to
30,000 mm2/s) at 20°C.
Uncertainty ± 0.2%,
above 4000 mPa s
± 0.3%

Certified for viscosity in
mPa s and kinematic
viscosity in mm2/s.
Range for viscosity at
20°C from 2 to 1800.

60,000 mm2/s at 20°C

200,000 mm2/s at 20°C

11 mPa s to 1000 mPa s
± 0.1% at 20°C

103 mPa s to 104 mPa s
± 0.5% at 20°C

104 mPa s to 105 mPa s
± 1.5% at 20°C

Certified for viscosity in
mPa s at 20°C. Range
from 1.503 ± 0.1% to
1729 ± 0.2%

Certified for viscosity in
mPa s at 20°C. Range
from 4170 ± 1.3% to 589
x 103 ± 1.0%

C

E

E

E

D

G

G

Newtonian liquids,
determined by capillary
viscometers with suspended
level, (Ubbelohde).
Data also for other
temperatures between 20°C
and 100°C

Newtonian liquid. Certified
also for density and
kinematic viscosity

Newtonian liquid. Rotating
cylinder viscometer method
used.

Certified also for kinematic
viscosity and density. Data
also at 50°C and 80°C.

Data also at 50°C, 80°C and
100°C

* Units are given as reported by issuing laboratory. The countries reporting:
C. Germany The Physikalische-Technische Bundesanstalt 33 Braunschweig, Bundesallee 100, Federal

Republic of Germany.
D. Hungary National Office of Measures Németölgyi ut 37-39, sz. Budapest XII, Hungary.
E. Japan National Chemical Laboratory for Industry, Ministry of International Trade & Industry, 1-1

Honmachi, Shibuya-ku - Tokyo, 151 Japan.
G. Poland Division of Physico-Chemical Metrology, National Board for Quality Control and Measures -

2, Elektoralna Street, Warsaw, Poland.
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(c) Dynamic viscosity can be measured by movement of a ball in a vertical or inclined liquid-fi lled
cylindrical tube (e.g. a rolling ball viscometer by Höppler, drawing ball viscometer, etc.)

With the Höppler viscometer the density must be known in order to calculate the dynamic
viscosity.

• Q  u  a  l  i  t  y    c  r  i  t  e  r  i  a

The various methods of determining viscosity of liquids are compared as to application, measuring
range and standardisability in Table 1, below.

Table 1: Quality criteria

Method of
measurement

Viscosity
Dynamic

mPa s

Viscosity
Kinematic

mm2/s

Measuring
range mPa s

or mm2/s

Standardisati
on

Temperature
constancy

required °C

Capillary
Viscometer

Flow cup

X

X

0.5 to 105

8 to 700

ISO 3104 
and

ISO 3105

± 0.1

± 0.5

Rotational
Viscometer

X 10 to 109 ISO 3218.2 ± 0.2

Rolling Ball
Viscometer

Drawing Ball
Viscometer

X

X

0.5 to 105

0.5 to 107

no internatio-
nal standards,
see DIN 53015

no internatio-
nal standards,
see DIN 52007
part 2 (draft)

± 0.1

± 0.1

Possibility  of  standardisation: See Table 1

Possibility  of  automation: Yes
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B. DESCRIPTION  OF  THE  TEST  METHOD

• P  r  e  p  a  r  a  t  i  o  n  s

Apparatus

– Capillary viscometer designs are described in: ISO 3104; ISO 3105; DIN 51550; DIN 51562
Part 1; DIN 51561; DIN 51366; DIN 51372; DIN 53177; ASTM D-1200-70; ASTM D-
2393; ASTM D-914 Part 25 to 37; ASTM D-88-56.

– The standardisation of rotational viscometers covers, with few exceptions, only general
specifications concerning the flow pattern, range of shearing stresses to be used and velocity
gradient as well as specification relating to specific substances. ISO 3219-1977; DIN 51398;
DIN 51377; DIN 53214; DIN 53019 Part 1; DIN 53229; DIN 52312 Part 2; DIN 53921;
ASTM D-562-55; ASTM D-3346-74; ASTM D-2983.

– Forced ball viscometers are only standardised in such national standards as: DIN 53015;
DIN 52007 Part 2 and ASTM D-914 Part 25 to Part 37.

• T  e  s  t    c  o  n  d  i  t  i  o  n  s

Each determination of viscosity must be accompanied by the temperature at which the
measurement was made. The determination should preferably be made at a temperature of 20°C
and at one other temperature approximately 20°C higher (see Table 1 for temperature control
limits). At least two determinations should be made at each temperature.

• P  e  r  f  o  r  m  a  n  c  e    o  f    t  h  e    t  e  s  t  s

The measurement is carried out according to the specifications in the respective
standards.
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3. D  A  T   A    A  N  D    R  E  P  O  R  T   I   N  G

• T  r  e  a  t  m  e  n  t    o  f    t  h  e    r  e  s  u  l  t  s

The evaluation of the viscosity measurement is to be carried out according to the
standards in the case of capillary and forced ball viscometers. In the case of rotational
viscometers, the specification of a viscosity is appropriate only for Newtonian fluids. For non-
Newtonian fluids the results obtained are preferred in the form of flow curves which must be
interpreted, assuming the validity of various laws of flow.

The uncertainties in the measurement are quoted in the standards for capillary, forced
ball and rotational viscometers.

• T  e  s  t    r  e  p  o  r  t
(detailed conduct of test and evaluation)

The test report is to be drafted in accordance with the specifications in the standards. It
must include individual and mean values at each temperature. Any variation from the standard
method must be described in detail.

4. L  I   T   E  R  A  T   U  R  E

01. I.U.P.A.C., Physicochemical Measurements: Catalogue of Reference Materials from
National Laboratories, in: Pure and Applied Chemistry, Vol. 48, pp. 513-514, Pergamon
Press, 1976.

02. W. Wazer, J.W. Lyons, K.J. Kim and R.E. Kolwell, Viscosity and Flow Measurement,
L aboratory Handbook of R heology, Inst. Publ. New York - London, 1963.


