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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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Petroleum products and related products —

De

termination of Kinematic viscosity — Method by

Stabinger type viscometer

WARNING — The use of this document can involve hazardous materials, operations and
equlpment ThlS document does not purport to address all of the safety problems associated
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re the safety and health of personnel prlor to appllcatlon of thls document and
icable requirements for this purpose.

bcope

document specifies a procedure for the determination of kinematiewiScosity (v) at
e from 2 mm?2/s to 6 mmZ2/s by calculation from dynamic viscosity,(7) and density (
late fuels, fatty acid methyl ester fuels (FAME) and mixtures ‘%f‘these using the Std
meter.

result obtained using the procedure described in this) document depends on the
piour of the sample. This document is predominantly applicable to liquids whose shed
rate are proportional (Newtonian flow behaviour).*tlewever, if the viscosity changes

the shear rate, comparison with other measuring miéthods is only permissible at similar

Normative references

following documents are referred to, in“the text in such a way that some or all of t
Fitutes requirements of this document. For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

104, Petroleum products —ITransparent and opaque liquids — Determination of kinem
alculation of dynamic viscosity

170, Petroleum liquids 3~ Manual sampling

171, Petroleum liquids — Automatic pipeline sampling

12185, Crude<petroleum and petroleum products — Determination of density — Oscill

od

Terms and definitions

easures to
fulfil other

40 °C in the
p) of middle
binger type

rheological
r stress and
significantly
shear rates.

heir content
applies. For
hts) applies.

itic viscosity

iting U-tube

he purposes of this document, the following terms and definitions apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

3.1

[SO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at http://www.electropedia.org/

dynamic viscosity

n
ratio
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kinematic viscosity

\Y

ratio of the dynamic viscosity (3.1) to the density (3.3) of a liquid at the same temperature and pressure

Note 1 to entry: The kinematic viscosity is a measure of a liquid's resistance to flow under gravity.

3.3
density

p

mass of a substance divided by its volume at a given temperature

3.4

determinability

d

quantitativg
obtaining sy
single resulf

4 Princi

A test porti
known tem
oscillating {§

measure of the variability associated with the same operator in a giweh laborg
ccessive determined values using the same apparatus for a series of operdtions leadin
, defined as the difference between two such single determined values

ple

bn of a sample is introduced into the measuring cells, whi€h are at closely controlled
berature. The measuring cells consist of a pair of rotating concentric cylinders an
J-tube. The dynamic viscosity is determined from the.equilibrium rotational speed d

tory,
b to a

| and
d an
f the

inner cylinder under the influence of the shear stress of the test specimen and an eddy current brake in

conjunction
in conjuncti
viscosity by

5 Reage

5.1 Clean
be complete

5.2 Dryi
and of an a

NOTE1 A
drying solvet]

NOTE2 C(

proven suitable.

i

with adjustment data. The density is determined-by the oscillation frequency of the U
on with adjustment data. The kinematic viscosity is calculated by dividing the dyn
the density.

nts and materials

ing solvent, able to remove the sample from the measuring cell after the measuremen
ly miscible with all constituents of the sample.

solvent, highly volatile-and miscible with the cleaning solvent, shall be filtered befor
ropriate purity sothat it does not leave any residues in the instrument.

separate drying-selvent is not needed if the cleaning solvent also meets the requirements
it

mmercially available volatile petroleum spirit or cleaner's naphtha of technical grade or bettg

5.3 Compressed air, oil-free and filtered with a dew point considerably lower than the ld

tube
amic

t and

e use

f the

r has

west

measuring c

The pressur

ell temperature at which the instrument should be dried.

e should be limited to 100 kPa.

Instead of compressed air, it is also possible to use inert gases, for example technical nitrogen. The
requirements given for compressed air are also valid here.

5.4 Certified reference liquids for viscosity and density, identical to the reference standards
referenced in ISO 3104 and ISO 12185, respectively.
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Reference thermometer and probe, for verification of the temperature calibration.

The measuring uncertainty of the reference thermometer, including the probe, shall not exceed 0,01 °C.
The resolution shall be at least 0,001 °C.

The probe used for the calibration (with an adapter if necessary) shall have a shape which fits the
geometry of the viscosity cell. The probe replaces the measuring system (tube and measuring rotor).

6 Apparatus

6.1

Generat

Usuadl laboratory apparatus and glassware should be used.

6.2

6.2.1

The

rotol
rotof
light
spee
curr
The

dens

6.2.2

The
pring
mea
of th

Stabinger type viscometer

Viscosity measurement

btabinger type viscometer, a concentric rotating viscometer, cofitains an outer rotor g
(see Figure 1). The small concentric gap between these rotors'is filled with the sampl]
is driven at constant speed, which makes the inner rotoraotate due to the sample’s v

weight inner rotor is centred in the heavier sample due €@ the centrifugal forces. The

H ratio depends on the driving viscous shear force and the opposing magnetic inductior]

ent). The dynamic viscosity is a function of the equilibrated speed ratio and adjustmer

nd an inner
e. The outer
scosity. The
pquilibrated
| force (eddy
t constants.

kinematic viscosity is obtained by dividing the~tHeasured dynamic viscosity by the measured

ty.

Density measurement

$tabinger type viscometer has an integrated density measurement based on the oscill

iple. The sample-filled U-tube js“oscillated and the instrument calculates the densi
ured natural frequency of the filléd tube using adjustment factors. The viscosity-depg
s procedure is corrected using the measured viscosity value.

hting U-tube
ty from the
endent error

Key

1 outer rotor (constant speed) 3  sample fluid

2 inner rotor (measured speed) 4  magnet
Figure 1 — Viscosity cell

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=88956ea31590726be4a6de9e4923ce92

ISO 23581:2020(E)

6.2.3 Temperature control

The Stabinger type viscometer has an integrated temperature control which keeps the viscosity and
density measurement at the same temperature.

Using Peltier elements, a highly conductive measuring cell block which surrounds the measuring cells is
set to the target temperature with a stability of + 0,005 °C.

The measurement uncertainty of the temperature sensor shall be within + 0,03 °C at 40 °C.

6.2.4 Stability

The instrun
stability of
range to 0,0

nent automatically ensures the temperature equilibration of the sample by checkin
he continuously recorded viscosity and density values by limiting the maximum fluctu
7 % for the dynamic viscosity and + 0,03 kg/m3 for the density within 60 s.

b the
htion

7 Sampling and sample handling

7.1 Sampling

Samples shall be taken as described in ISO 3170 or ISO 3171.

NOTE National regulations can apply.

7.2 Sample handling

For waxy or
the desired

other samples with high pour point, before drawing the test specimen, heat the sample to
femperature, which shall be high enough to dissolve the wax crystals.

8 Calibration and verification

8.1 General

The calibratiion shall be verified periodically using certified reference liquids (5.4).

Due to the rheasuring range of the)viscosity and temperature, more than one calibration fluid may be

required. If
precise for
viscosity va

Verify the

n reference liquid'gives no reference value or if the given reference value is not suffici
pbne of the two-parameters (viscosity or density), for example a density standard wit
ues, the affected parameter shall be verified with another suitable reference liquid.

calibration of the temperature measurement periodically by using a refer

ently
hout

ence

thermometé¢r (5.5):

The recomménded interval to verify viscosity and density calibration is once a month; for tempergture

control once a year.

8.2 Instrument

Ensure that the instrument is leak tight and the measuring cells have been cleaned and dried before
verification of the calibration is undertaken.

The verification of the calibration should be carried out according to the instrument manufacturer's
instructions.

If, despite the correct condition of the instrument, the measured viscosity does not correspond to the
certified value with a deviation of less than 0,35 %, then the viscosity measurement shall be adjusted
according to the instrument manufacturer's instructions.

© IS0 2020 - All rights reserved
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If, despite the correct condition of the instrument, the measured density does not correspond to
the certified value with a deviation of less than 0,001 g/cm3, then the density measurement shall be
adjusted according to the instrument manufacturer's instructions.

If, despite the correct condition of the instrument, the measured temperature does not correspond to
the certified value with a deviation of less than 0,03 °C, then the temperature measurement shall be

adjusted according to the instrument manufacturer's instructions.

9 Apparatus preparation

fair can be used as an indicator.

valu¢ o

Set the test temperature to 40,00 °C. The Stabinger type viscometer automatically erisures
contfol and temperature equilibration of the sample.

If the test temperature is below the dew point of the ambient air, a suitable-aip-drying app
be connected to the air pump inlet of the instrument. When using external compressed
gases, ensure that the dew point is lower than the lowest test temperature-which can be ex

Set the determinability limits for viscosity and density to + 0,1 % and* 0,2 kg/m3, respecti

10 Procedure

10.1 Filling and cleaning

Ther]
10.3

e are three different filling and cleaning proc&dures which may be used; details are g
and 10.4.

10.2Z Manual filling and cleaning using syringes

10.2{1 Load a sufficient amount of sample to a syringe and remove any air bubbles. Ens
the fjrst filling enough sample is\ised to fill all measuring cells. If sufficient sample is ay
recommended to fill until the'sample is visible in the drain hose. Leave the syringe conn|
instrpment during the whole’measurement procedure. Typically, a 5 ml syringe entirel;
sample is enough for a measurement with the viscometer.

10.2}2 Switch on-the motor for a short time (5 s to 10 s) to ensure that the measuring ¢
wetted. In this wdy any residues are also absorbed into the sample. By subsequently fillii
furthler 0,25 mil'of sample, the sample in the measuring cell is replaced by fresh sample. If the
sample available, it is recommended to refill 1 ml.

10.2|3Start the motor again for the first determination of viscosity and density. The

emperature

aratus shall
air or inert
pected.

vely.

iven in 10.2,

ure that for
ailable, it is
ected to the
y filled with

ells are pre-
hg at least a
re is enough

instrument

automatically and continuously checks the stability of the measured values until the set criteria are met
(6.2.4). Then the instrument requests to refill sample for the next determination. The procedure is the
same as for pre-wetting the cells (10.2.2).

10.2.4 If the difference between the determinations is within the set determinability limits (Clause 9),
then the values of the last determination shall be reported as valid measured results.

10.2.5 If it is not possible to obtain a valid result within an applicable number of repetitions, report
the robust mean value and the standard deviation (k = 2; 95 % confidence level) together with a remark
indicating that the determinability exceeded the limits stated in Clause 9 for this product.
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10.2.6 Remove the sample from the measuring cells and clean the cells with a suitable cleaning solvent
(5.1). Repeat this procedure until the sample is completely removed. Starting the motor for a short
period of time and reading the viscosity of the solvent gives an indication of the quality of the cleaning. If
the cleaning solvent is not volatile enough, rinse the cells with a suitable drying solvent (5.2) and dry the
cells with compressed air (5.3) or by suction. The displayed density value can be used as an indication of
the drying.

10.3 Manual filling using sample displacement

10.3.1 The sample volume shall be sufficient to ensure complete displacement of the previous sample.

Load the saiptetothesyringe (typically 25t and Temove any air bubbtes————————___|

10.3.2 Thef(first filling should be approx. 15 ml. Leave the syringe connected to the instrument dfiring
the whole measurement procedure.

10.3.3 Switiching on the motor for a short time (5 s to 10 s) ensures that the meaSuring cells arg pre-
wetted. In this way, any residues are also absorbed into the sample. By subsequently filling a further] 2 ml
of sample, the sample in the measuring cell is replaced by fresh sample.

10.3.4 After a new start of the motor, the first determination of viscoSity and density is carried out.
The instrument automatically and continuously checks the stability ofjthe measured values until the set
criteria are et (6.2.4). Then the instrument requests to refill the sample for the next determinatiox.

10.3.5 If thle difference between the determinations correspends with the set determinability limits
(Clause 9), then the values of the last determination are givenas valid measured result.

10.3.6 If it[is not possible to obtain a valid result within an applicable number of repetitions, r¢port
the robust npean value and the standard deviation (k= 2; 95 % confidence level) together with a remark
indicating that the determinability exceeded thedimits stated in Clause 9 for this product.

10.3.7 Cle?r the viscosity measuring cell if necessary (e.g. significant product change, instrument fjot in
use, problems with the determinability.limits) according to 10.2.6.

10.4 Automatic filling and cleaning by a sample changer

10.4.1 Befdre starting the:measuring procedure, set appropriate filling, cleaning and drying paramgters
unless the instrument cafadapt these automatically to the sample.

10.4.2 Fill pufficient'Sample volume into a suitable container for the sample changer and placg the
container into the/magazine. If the sample changer or the sample requires it, close the containers|with
appropriate|covers.

10.4.3 Before starting the measuring cycle, make sure there is sufficient cleaning solvent (5.1) and
drying solvent (5.2) and enough space in the waste vessel for gathering the sample and solvent.

10.4.4 After starting the measuring cycle, the measuring cells are automatically filled and pre-wetted
and the first determination of viscosity and density is carried out. The instrument automatically and
continuously checks the stability of the measured values until the set criteria are met (6.2.4). Then the
instrument refills the sample for the next determination.

10.4.5 If the difference between the determinations is within the set determinability limits (Clause 9),
then the values of the last determination are given as valid measured result.

6 © IS0 2020 - All rights reserved
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10.4.6 If it is not possible to obtain a valid result within an applicable number of repetitions, report
the robust mean value and the standard deviation (k = 2; 95 % confidence level) together with a remark
indicating that the determinability exceeded the limits stated in Clause 9 for this product.

10.4.7 After the measurement cycle, the cells are cleaned and dried fully automatically and the cycle is
repeated for all vessels in the magazines.

11 Calculation

Record the dynamic viscosity, in millipascal seconds, to four significant digits and the density to the
neargst 0,1 kg/m?. Calculate the kinematic viscosity in square millimetres per second us{ng dynamic
viscgsity/density.

The calculation of kinematic viscosity is usually performed automatically by the.'instryment using

Formula (1):
=1000*n/p (1)

=

wherte

¥ is the kinematic viscosity, expressed in square millimefres per second (mm?2/s);
) is the dynamic viscosity, expressed in millipascal seconds (mPa - s);

@ is the density, expressed in kilograms per cubi€metre (kg/m3).

12 Expression of results

Exprss the dynamic (1) and kinematic (v)\Wiscosity to four significant digits, the density (p) to the
nearpst 0,1 kg/m3 and the test temperatare to the nearest 0,01 °C.

13 Precision

13.1 General

The precision statementwas developed by statistical evaluation of the results of a CEN int¢rlaboratory
study with 21 laboratories on a matrix of 12 samples, in accordance with 1SO 4259:2006[1],

The fet of samples comprised single FAME types (e.g. palm-kernel- and rape-seed-based), blends of
methyl esters,different middle distillates and a mix (50/50) of paraffinic diesel fuel (GTL}) and arctic
diesdl fuefMK1 covering a range of viscosity at 40 °C from 2,61 mm?2/s to 5,50 mm?/s.

Onlylthe’equations for kKinematic viscosity are given; for other precision data see Reference [2].

13.2 Repeatability, r

The difference between two test results obtained by the same operator with the same apparatus under
constant operating conditions on identical test material would in the long run, in the normal and correct
operation of the test method, exceed the value indicated in Formula (2) in only one case in 20.

r=0,0105-0,0003X (2)

where X is the average of the two results being compared, in mm?/s.

© IS0 2020 - All rights reserved 7
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