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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 document should be noted. This document was drafted in accordance with the editorial rules of the
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International Standard

ISO 23581:

2024(en)

Petroleum products and related products — Determination of
Kinematic viscosity — Method by Stabinger type viscometer

WARNING — The use of this document can involve hazardous materials, operations and equipment.
This document does not purport to address all of the safety problems associated with its use. It is
the responsibility of users of this document to take appropriate measures to ensure the safety and
health of personnel prior to application of this document and fulfil other applicable requirements for

this purpd

1 Scope

This documment specifies a procedure for the determination of kinematic viscosity,y, by calcul

dynamic v
oils using t

The result
of the sanl
are propot
compariso

The precis
Clause 13.
It is possib

2 Norm

The follow
requireme
the latest ¢

ISO 3104, 1
calculation

ISO 3170, H
[SO 3171, H
[SO 12185,

se.

scosity, n, and density, p, of both transparent and opaque liquid petréleum products|
he Stabinger type viscometer.

obtained using the procedure described in this document depends on the rheological
ple. This document is predominantly applicable to liquids/whose shear stress and
tional (Newtonian flow behaviour). If the viscosity changes significantly with the
h with other measuring methods is not possible except.at&imilar shear rates.

ion has been determined only for the materials, dehsity ranges and temperatures d
The test method can be applied to a wider range.ef¥iscosity, density, temperature and
e that the precision and bias are applicable forymaterials which are not listed in Clausq

ative references

ng documents are referred to in thetext in such a way that some or all of their content
hts of this document. For dated feférences, only the edition cited applies. For undated
dition of the referenced document (including any amendments) applies.

Petroleum products — Transparent and opaque liquids — Determination of kinematic vi
of dynamic viscosity

etroleum liquids =~Manual sampling
etroleum liquids’— Automatic pipeline sampling

Crude pétroleum and petroleum products — Determination of density — Oscillating U-ty

ation from
and crude

behaviour
shear rate
shear rate,

bscribed in
materials.
b 13.

ronstitutes
references,

scosity and

be method

3 Term

s@and definitions

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

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

31

IEC Electropedia: available at https://www.electropedia.org/

dynamic viscosity

ratio of the applied shear stress to the resulting shear rate of a liquid

© IS0 2024 - All rights reserved
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viscosity

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 ofas

3.4

ubstance divided by its volume at a given temperature

determina
d

quantitatiy
successive

Note 1 to en
about 5 % o

3.5

test specimmen

portion or

4 Prindgiple

A test spe]
measuring
viscosity i
the shear s
density is
kinematic

5 Reags

5.1 C(Clea
completely
cleaner's n

5.2 Dryi
and shall i

(recommended due.to'lower toxicity) or, depending on the sample, concentrated ethanol (296 %) a

NOTE 1
solvent.

4

NOTE 2

1oy
DTITtY

e measure of the variability associated with the same operator in a given labefatory
determined values using the same apparatus for a series of operations leading‘to’a sin

try: Determinability is the difference between two such single determined values that would
f the time (one case in 20 in the long run) in the normal and correct operation(af the test meth

rolume of the sample obtained from the laboratory sample, which-is delivered to the mea

cimen is introduced into the measuring cells, atja controlled and known temper
cells consist of a pair of rotating concentric cylinders and an oscillating U-tube. TH
determined from the equilibrium rotationalispeed of the inner cylinder under the i
tress of the test specimen and an eddy cuttent brake in conjunction with adjustme
letermined by the oscillation frequencyof the U-tube in conjunction with adjustme
iscosity is calculated by dividing theidynamic viscosity by the density.

pnts and materials

hing solvent, able to réniove the sample from the measuring cell after the measun
miscible with all constituents of the sample. Commercially available volatile petroley
bphtha of technical-grade or better have been proven suitable as cleaning solvents.

ng solvent,dighly volatile and miscible with the cleaning solvent, shall be filtered
e of an appropriate purity so that no residues remain in the instrument. n-Hexane

\ separate drying solvent is not needed if the cleaning solvent also meets the requirements o

e

' obtaining
gle result

be exceeded
d.

suring cells

ature. The
e dynamic
hfluence of
data. The
data. The

ement and
m spirit or

before use
n-heptane
re suitable.

f the drying

(e.g. toluene or xylene).

When measuring residual fuel, asphaltic material can be removed by pre-washing with an aromatic solvent

5.3 Compressed air, oil-free and filtered with a dew point lower than the lowest measuring cell

temperatu

re at which the instrument should be dried.

The pressure should be limited to 100 kPa.

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

© IS0 2024 - All rights reserved
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5.4 Certified reference liquids, for kinematic viscosity and density, which shall be identical to the
reference standards for kinematic viscosity and density cited in ISO 3104 and ISO 12185, respectively.

5.5 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

Usual laboratory apparatus and glassware shall be used, in particular the following.
6.1 Stabjnger type viscometer.

6.1.1 Vigcosity measurement

The Stabiniger type viscometer is a concentric rotating viscometer, containifig)an outer rotor and an inner
rotor (see |[Figure 1). The small concentric gap between these rotors is filled with the sample] The outer
rotor is drjiven at constant speed, which makes the inner rotor rotate due to the sample’s viscosity. The
lightweight inner rotor is centred in the heavier sample due to the centsifugal forces. The equilibrjated speed
ratio depends on the driving viscous shear force and the opposing magnetic induction force (eddy current).
The dynanjic viscosity is a function of the equilibrated speed ratiosand adjustment constants. The¢ kinematic
viscosity i obtained by dividing the measured dynamic viscosity by the measured density.

Key
1  outer rptor (constantSpeed) 3 sample fluid
2 inner rptor (medsured speed) 4  magnet

Figure 1 — Viscosity cell

6.1.2 Density measurement

The Stabinger type viscometer has an integrated density measurement based on the oscillating U-tube
principle. The sample-filled U-tube is oscillated and the instrument calculates the density from the
measured natural frequency of the filled tube using adjustment factors. The viscosity-dependent error of
this procedure is corrected using the measured viscosity value.

6.1.3 Temperature control

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

© IS0 2024 - All rights reserved
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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 over the whole temperature range at the position of
the viscosity cell.

The measurement uncertainty of the temperature calibration (k = 2; 95 % confidence level) shall be
within 0,03 °C over the range from 15 °C to 100 °C and within +0,05 °C outside this range.

6.2 Syringes.

Commercially available syringes with a Luer tip of at least 5 ml in volume shall be used. The user shall
ensure full chemical compatibility of the syringe construction materials with all sample and cleaning liquids

by consulting the manufacturer’s documentation.

6.3 Flow
A flow-thr

-through or pressure adapter.

bugh or a pressure adapter may be used as an alternative to a syringe for introdud

test specimpen into the measuring cells. Such adapters apply either pressure or suction+to-the test

therefore,
compatibil
liquids by ¢

6.4 Hot|

care shall be taken to avoid the formation of bubbles. The user shall~ehsure fu

onsulting the manufacturer’s documentation.

illing adapter.

A hot fillinlg adapter maintains the sample temperature during mafual introduction of the tes

into the m
specimen 3

6.5 Sam

pasuring cells. It may be added to the Stabinger type visCometer to improve the flow]

ple changer or sample handler.

The sampl
specimen
test speci
in 7.2. The

6.6 Scre

If a screen

6.7 Mag

If an exter
the sample

6.8 Ultrs

To dissipat]

i

e changer or sample handler shall be desigiied to ensure and maintain the integrity
efore and during the analysis. It shall be capable of transferring a representative ali
en into the measuring cells. It shall be able to mimic the procedure for sample handling
sample changer or sample handler may have heating capability, if required.

1.

is used, it shall have an aperture of 75 um to remove particles from the sample.

het.

hal magnet is used, the magnet shall be strong enough to remove ferromagnetic mat
. Magnetic stirting rods may be used.

isonic bath, unheated.

eand remove air or gas bubbles from the sample, an ultrasonic bath may be used prior

nd prevent precipitation of wax crystals while filling.and cleaning the measuring cells.

tion of the
specimen,
I chemical

ty of the flow-through or pressure adapter construction materials with all sample and cleaning

[ specimen
of the test

of the test

quot of the

r described

brials from

Lo analysis.

The bath should be sized to hold the container(s) placed inside, and operate at an operating

frequency

between 25 kHz and 60 kHz and a typical power output of <100 W. Ultrasonic baths with operating
frequencies and power outputs outside this range may be used, but it is in the responsibility of the user to
confirm via a data comparison study that the results obtained after sample preparation with and without
such baths do not show significant deviations.

© IS0 2024 - All rights reserved
4


https://standardsiso.com/api/?name=27e154d18d86b4f14f2c23442a3348a2

ISO 23581:2024(en)

7 Sampling and sample handling

7.1 Sam

pling

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

NOTE

7.2 Sam

7.2.1 Ge

National regulations can apply.

ple handling

neral sample handling

For sampld
without th

The test sp

a) Thela

closed

b) Thete
Altern
means
proper
before
enoug]

Sampl
a75u
should

7.2.2 Co

7.2.21 P
preheat ap
measuring

ecimen shall be obtained as follows:

5t specimen may be drawn with an appropriate syringe from a properly mixed laborat
htively, the sample may be delivered from the mixing container directly to the measur
of a flow-through or pressure adapter or sample changer or sample handler, provid
attachments and connecting tubes are used. For waxy ar other samples with high

drawing the test specimen, heat the sample to the désired temperature, which sh
1 to dissolve the wax crystals.

bs that are prone to contain particles, such as uséd oils or crude oils, shall be pass
Im screen prior to measurement. If these particles are ferromagnetic in nature, a m
be used instead.

nditioning of residual fuel oils

lace the required number of dispesable syringes or sample vials for batch analysis i
paratus (e.g. oven, heating block or bath) held between 60 °C and 65 °C. When manuallj
cells, the Stabinger type viScometer shall be equipped with a hot filling adapter and t}

adapters shall be pre-warmed together with the syringes.

7.2.2.2 H
between 6
stirring.

7.2.2.3 H
increase tH
fluid after

eat the sample in‘its tightly closed original container in the sample preheat appa
D °C and 65 °C,fep 1 h. After heating, the sample shall be sufficiently fluid for easy s

pr samples of a very waxy nature or oils of high kinematic viscosity, it may be ng
e heating temperature above 60 °C to achieve proper mixing. The sample should be
heating for ease of stirring and shaking.

s such as viscous Tube oils that are likely to contain air or gas bubbles, an ultrasonid bath (6.8)
e heater turned on (if so equipped) may be used for typically 1 min to dissipate the bulpbles.

boratory sample shall be mixed if it is not homogeneous. The mixing shotld be carried out in a
pressurized container or at sub-ambient temperatures to avoid the loss of volatile magerial.

ry sample.
ng cells by
bd that the
bour point,
hll be high

bd through
hgnet (6.7)

n a sample
 filling the
le injection

ratus, held
haking and

cessary to
sufficiently

7.2.2.4 Thoroughly stir the sample with a suitable rod of sufficient length to reach the bottom of the
container. Continue stirring until the sample is entirely homogeneous and there is no sludge or wax adhering

to the rod.

7.2.2.5 Recap the container tightly and shake vigorously for 1 min to complete the mixing.

7.2.2.6
apparatus’

sampler system and loosely stopper the flask.

© IS0 2024 - All rights reserved
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between 100 °C and 105 °C for 30 min.

Immerse the flask in a heated liquid bath or another equipment which will maintain the sample

Care shall be taken at this step, as vigorous boil-over can occur when opaque liquids which contain high
levels of water are heated to high temperatures. Appropriate personal protective equipment should be worn
when handling hot materials.

7.2.2.8 Remove the flask from the bath (or other equipment), stopper tightly and shake for 1 min.

7.2.29

by using a preheated injection adapter and measure immediately.

If the sample is manually introduced into the viscometer, fill the sample into a preheated syringe

7.2.2.10 If
80 °C. Loa
10 min to 1

7.2.2.11 1f
model) wit
handler th
between 6

7.2.2.12 M
7.2.2.8.

8 Calib

8.1 Gen
The calibr{

Due to the
be require
precise fof
values), the

Verify the

The recom
control, on

8.2 Inst

Ensure th{

a heated sample changer is used, set the vial magazine temperature to be held betwee
1 each sample into a preheated sample vial and insert the vials into the vial magazin
5 min before starting the measurement.

a heated sample handler is used, load the preheated sample vial or syxifige (depend
h the first sample to be tested in the batch and place the sample viallor syringe in
at is held between 60 °C and 80 °C. Set the temperature of the sample preheat ap
D °C and 80 °C and place the other containers in it.

[easurement of samples shall be completed within 1 h frorfivcompletion of the step S

ration and verification

eral
tion shall be verified periodically usingecertified reference liquids (5.4).

measuring range of the viscosity and temperature, more than one certified reference
. If a reference liquid gives no feference value or if the given reference value is not
one of the two parameters (viscosity or density), (e.g. a density standard withoy
 affected parameter shall beverified with another suitable reference liquid.

ralibration of the temperature measurement periodically by using a reference thermor

mended interval {a verify viscosity and density calibration is once a month; for te
Ce a year.

Ffument

it théyinstrument is leak tight and the measuring cells have been cleaned and dj

h 60 °C and
e. Wait for

ling on the
the sample
paratus to

pecified in

liquid can
sufficiently
t viscosity

heter (5.5).

mperature

ied before

Verificati01|1 of the calibration is undertaken.

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

Calculate an acceptable verification limit in accordance with Annex A. If, despite the correct condition of
the instrument, the measured viscosity or density does not lie within the acceptable verification limit 19
out of 20 times, then the viscosity or density cell or both shall be adjusted according to the instrument
manufacturer's instructions. Perform a calibration check measurement for verification after the adjustment.

NOTE Measurement values of viscosity and density that do not correspond to the certified values within the
limits given are typically attributable to deposits in the measuring cells which are not removed by a routine flushing
procedure. Refer to 10.2.7 and the manufacturer’s instructions for more thorough cleaning methods.

© IS0 2024 - All rights reserved
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If the measured temperature does not correspond to the certified value in acceptable deviation, i.e. #0,03 °C
over the range from 15 °C to 100 °C or *0,05 °C outside this range, then the instrument shall be adjusted
according to the instrument manufacturer's instructions.

9 Apparatus preparation

Ensure that the measuring cells are clean and dry before filling the sample. The displayed density value of
air can be used as an indicator.

Set the desired measuring temperature. The Stabinger type viscometer automatically ensures temperature
control and temperature equilibration of the sample.

When the t 5 below d 56 ofh 5 3 able-air-drHnaeapparatus shall
ert gases,

be connected to the air pump inlet of the instrument. When using external compressed air ot
ensure thaf the dew point is lower than the lowest test temperature which can be expected!

Set the detprminability and stability criteria according to the values stated in Table 1.

NOTE RDV (repeat deviation viscosity), RDD (repeat deviation density), temperature-stability, viscosfty stability,
density stability and time settings can be summarized under the term “precision class®. Refer to the mapufacturer’s

instructiong for details.

Table 1 — Determinability and stability settings

RDV (Deter- . -
minability, RDD Tempera- | Viscosy Density Sta- | ... Equili-
d . (Determinability, | ture stabil- | ity sta- o Time Re- bration
ynamic . . 1 8 bility .
- - density) ity bility s peats time
viscosity) . g/cm3
mPa-s g/cm3 C % s
For all
materials 4t
all temperg-
tures unlegs 0,001 X 0,000 2 +(0;,005 +0,07 0,000 03 60 3 0
specifically
listed in thjs
table2
Residual fufel
oils at 50 °(C 0,0035X% 0,000-3 +0,010 +0,10 0,000 05 40 3 30
and 100 °(2
Jet fuel at]
-20°Cand
-40 °C, 0,001 1889% 0,000 113 +0,005 +0,07 0,0001 60 0 0
Scanning]
proceduref
X final detefminatiomn:
a  Reprinted ffom ASTM D7042-21all2],
b Minimum-time r]nv-ing which fcmpmvufnru' vicr-ncify and Anncn-y shallbe within the cpnrif-‘ind cfahilify criterig
¢ Maximum number of allowed repeat measurements to reach the stated determinability criteria.

10 Procedure

10.1 Measuring procedure

There are three different procedures for determination, that include filling and cleaning, which may be used;
details are given in 10.2, 10.3 and 10.4. The fourth procedure for determination, temperature scanning (see
10.5), can be applied with either filling and cleaning procedure specified in 10.2, 10.3 or 10.4.

© IS0 2024 - All rights reserved
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10.2 Manual filling and cleaning using syringes

10.2.1 Load a sufficient amount of the sample into a syringe and remove any air bubbles. Ensure that for
the first filling enough sample (at least 2 ml) is used to fill all measuring cells. If a sufficient amount of the
sample is available, it is recommended to fill until the sample is visible in the drain hose. Leave the syringe
connected to the instrument during the whole measurement procedure. Typically, a 5 ml syringe entirely
filled with 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 cells are pre-wetted. In
this way any residues are also absorbed into the sample. By subsequently filling at least a further 0,25 ml of
the sample, the sample in the measuring cell is replaced by fresh sample. If there is enough sample available,
itis recommended to refill with a further 1 ml. Alternatively, the instrument may be set to perform the pre-
wetting aufomatically before the measurement is started.

10.2.3 Start the first determination of viscosity and density. The instrument should automatically and
continuougly check the stability of the measured values until the set criteria are met)(see Clauge 9). Then
refill atleast 0,25 ml, but preferably 1 ml of sample for the next determination. The procedure is the same as
for pre-wetting the cells (see 10.2.2).

10.2.4 Ift
then the v3

he difference between the determinations is within the set determinability limits (se(
lue of the last determination shall be reported as valid measureg result.

e Clause 9),

10.2.5 Foi reasonable

determina

products not described in Clause 13, it is the responsibility of the user to establish
bility limits by a series of tests.

10.2.6 If t
cells as def{

he syringe is empty before a valid determinatigonican be obtained, rinse and dry the
cribed in 10.2.7 and repeat from step 10.2.1.

measuring

10.2.7 Cleaning of the measuring cells

Fill the mse
completely
samples, €3
(5.2) and g
sure that t
cm3. If the

If more tha
wiping and
cleaned wi

asuring cells with at least 3 ml of the cleaning solvent (5.1). Check if the density ¢
by examining the displayed defisity value. Run the motor for at least 10 s. For pod
ktend this time and repeat the procedure. Then rinse the measuring cells with the dryj
ass through a stream of dry-air or nitrogen (5.3) until the last trace of solvent is rem
he measuring cells are clean and dry by checking if the air density value is lower than|
value exceeds this limit, repeat the procedure or parts of it.

rough cleaning isnecessary, the viscosity measuring cell can additionally be cleaned b
brushing the measuring rotors with an appropriate sample solvent. The density oscill
th a suitable{cleaning agent. Follow the instructions provided by the instrument manu

10.3 Ma

v]ual filing using sample displacement

10.3.1 Thisprocedure should only be used if the samples are mutually soluble. The user shall d

ell is filled
rly soluble
ing solvent
bved. Make
0,002 0 g/

[y manually
ator can be
facturer.

ctermine if

this procedure is applicable to the class of samples to be measured.

10.3.2 Ensure the sample volume is sufficient for complete displacement of the previous sample. Load the
sample into the syringe (typically 25 ml) and remove any air bubbles.

10.3.3 Inject at least 3 ml of the test specimen slowly into the measuring cells to prevent merging of the
new and the old sample. Leave the syringe connected to the instrument during the whole measurement
procedure.

10.3.4 Switch on the motor for a short time (5 s to 10 s) to ensure that the measuring cells are pre-wetted. In

this way, any residues are also absorbed into the sample. Fill the cell with a further 1 ml of sample to replace

© IS0 2024 - All rights reserved
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the sample in the measuring cell by fresh sample. Alternatively, the instrument may be set to perform the
pre-wetting automatically before the measurement is started.

10.3.5 Start the first determination of viscosity and density. The instrument should automatically and
continuously check the stability of the measured values until the set criteria are met (see Clause 9). Then
refill at least 2 ml of sample for the next determination. The procedure is the same as for pre-wetting the
cells (see 10.3.4).

10.3.6 If the difference between the determinations is within the set determinability limits (see Clause 9),

then the value of the last determination shall be reported as valid measured result.

10.3.7 For_products not described in Clause 13, it is the responsibility of the user to establish

easonable

determina

10.3.8 Ift

cells as de{

10.3.9 Aft

the steps d

10.4 Autq

10.4.1 Bef

bility limits by a series of tests.

he syringe is empty before a valid determination can be obtained, rinse and dry the
cribed in 10.2.7 and repeat from step 10.3.2.

er completing the last determination in a series of measurements, clean the measuring
lescribed in 10.2.7.

pmatic filling and cleaning by a sample changer/sample‘handler

ore starting the measuring procedure, set appropriate\filling, cleaning and drying par

line with tlhe manufacturer’s instructions.

10.4.2 Fill
place the ¢
handler or

10.4.3 Bef

sufficient sample volume into a suitable container for the sample changer or sample h
bntainer into the magazine or holder (depending on the model). If the sample changer,
the sample requires it, close the containers with appropriate covers.

measuring

cells using

ameters in

andler and
the sample

ore starting the analysis, ensure there-is sufficient cleaning solvent (5.1) and drying s¢lvent (5.2)

and enough space in the waste vessel for coHection of the sample and solvent.

10.4.4 After starting the analysis, théumeasuring cells are automatically filled and pre-wetted and the first
determination of viscosity and density'is carried out. The instrument should automatically and cqntinuously
check the stability of the measured values until the set criteria are met (see Clause 9). Then the sample
changer or|sample handler should refill the sample for the next determination.

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

10.4.6 Foy products not described in Clause 13, it is the responsibility of the user to establish reasonable
determinability:limits by a series of tests.

10.4.7 After the analysis, ensure the cells are clean and dried (typically fully automatically).

10.4.8 If after the automatic cleaning and drying sequence, the air density value still exceeds 0,002 0 g/
cm3, perform a manual or automated cleaning of the instrument according to the instructions provided by
the instrument manufacturer.

10.5 Procedure for temperature scanning

10.5.1 To determine sample properties over a pre-defined temperature range and with pre-defined
temperature intervals, a temperature scanning measurement mode may be set in the apparatus.

© IS0 2024 - All rights reserved
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10.5.2 Define the temperature range as well as the temperature points for obtaining the measurement data.
Neither the boiling point of the sample shall be exceeded nor the freezing point shall be undercut. Enter the
temperature range and data reporting temperatures into the instrument either as a table, or by means of
defining a start and stop temperature as well as a temperature interval.

10.5.3 When measurements below the dew point of ambient air are performed, ice formation shall be
avoided by flushing the measuring cells with dry air or dry inert gas after cell cleaning. Additionally, the
filling temperature shall be set well above the dew point of ambient air.

10.5.4 If jet fuel is measured in accordance with the method described in this document, the apparatus
shall be connected to a counter cooling system, as described in the instrument manufacturer’s instructions.
The filling temperature shall be set to 15 °C or higher. Set the test temperatures to -20 °C and -40 °C and

perform at|least two determinations at each temperature to analyse determinability. For conformance with
stated pregision on jet fuel in Table 2 and Table 3, set the test stability criteria in accordance With Clause 9.
11 Calculation
11.1 Kin¢matic viscosity, dynamic viscosity and density
Record thg dynamic viscosity, in millipascal seconds, or the kinematic viscosity, in square millimetres per
second, or poth, to four significant digits and optionally the density to the‘nearest 0,1 kg/m3.
The calculation of kinematic viscosity is usually performed attematically by the instrument using
Formula (1)):

v=1000n/p @)
where

v is|the kinematic viscosity, expressed in square millimetres per second (mm?2/s);

n  is|the dynamic viscosity, expressed-itrmillipascal seconds (mPa-s);

p isfthe density, expressed in kilagrams per cubic metre (kg/m3).
11.2 Viscpsity index
If kinemat]c viscosity values.hdve been determined at 40 °C and 100 °C, the Viscosity Index (V1) may be
calculated pccording to the tést method specified in ASTM D2270181.
11.3 Denpity extrapolation
If density yalues;are known from the same sample at 40 °C and 100 °C, density values at other tempperatures
may be calrulated by linear extrapolation. This is only permissible within a temperature range 4t which no
phase transitier-eecetrs—tis-therespensibiity-ef-the-tser-of-this-dectment-teo-evaluate-theapplicability of

this calculation to the respective sample.

12 Expression of results

Express the dynamic, 1, or kinematic, v, viscosity, or both, to four significant digits, optionally the density, p,

to the near

est 0,1 kg/m3, together with the test temperature to the nearest 0,01 °C.

© IS0 2024 - All rights reserved
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13 Precision

13.1 Repeatability, r

The limiting value for the difference between two independent results obtained in the normal and correct
operation of the same method, for test material considered to be the same, within a short interval of time,
under the same test conditions, that is expected to be exceeded with a probability of 5 % due to random
variation, is given in Table 2.

Table 2 — Repeatability (95 %)

Material Temperature Density Dynamic viscosity | Kinematic viscosity
C g/cm> mPa-s mm?2/s
Base oils? 15 0,000 46 N/A N/A
Base oils2 40 0,0003 0,001 01X 0,00p 94X
Base oils2 100 0,000 33 0,000 351 6 (X+5) 0,000 347 3 (X+5)
Formulated oilsP 40 0,0003 0,006 279X 0,006 (X+10,6)
Formulated oilsP 100 0,000 2 0,012 09X95 0,002 06B(X+7,77)
Jet fuels¢ =20 0,001 0,004777 0,0B56
Jet fuels| scanning procedured -20¢ 0,00197X 0,005 978X 0,007 074X
Jet fuels| scanning procedured -40 0,001 97X 0,004 34X 0,003 261X
Résidual fuel oilsf 50 0,000 98 0,094 69X 0,09p 93X
Résidual fuel oilsf 100 0,002 49 0,051 7X 0,05B 49X
Middle diptillate fuels, fatty acid 0.000.6%
methyl est¢r (FAME) fuels and mix- 40 ¢ 0,001 1X+0,005 4 -0,000 3X+0,010 5
0,000 278 4
flures of these8

X average of results being compared.

a2  Base oil[precision values were determined by statistical(evaluation of interlaboratory results. Refer to 13.4 for details[19].

b Formuldted oil precision values were determined by statistical evaluation of interlaboratory results. Refe} to 13.4 for
details[15],

¢ Jet fuel precision values at -20 °C were determined by statistical evaluation of interlaboratory results. Refef to 13.4 for
details[27l,

d  Jet fuel precision values at -20 °C apd\=40 °C when employing the temperature scanning procedure, were deftermined by
statistical eyaluation of interlaboratory results. Refer to 13.4 for details[29],

¢ This regeatability is currently(netTeferenced in specification ASTM D1655-23a. Use the precision statement for jet fuel at
-20 °C withdut scanning.

f Residual fuel oil precision values were determined by statistical evaluation of interlaboratory results. Refef to 13.4 for
details[8l.

8  These precision valugs were determined by statistical evaluation of interlaboratory results. Refer to 13.4 for details[3l.

13.2 Reproducibility, R

The limiting value for the difference between two independent results obtained in the normal and correct
operation of the same method, for test material considered to be the same, under different test conditions,
that is expected to be exceeded with a probability of 5 % due to random variation, is given in Table 3.

© IS0 2024 - All rights reserved
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Table 3 — Reproducibility (95 %)

. Temperature Density Dynamic viscosity Klnema-t ic Viscos-
Material oC 3 Pa. ity
g/cm mPa-s mm2/s
Base oils? 15 0,001 77 N/A N/A
Base oils? 40 0,001 47 0,005 40X 0,005 84X
Base oils? 100 0,001 31 0,002 563 (X+5) 0,002 889 (X+5)
Formulated oilsP 40 0,001 3 0,005 076X%.2 0,010 87 (X+10,6)
Formulated oilsP 100 0,001 2 0,008 223x1.0288 | 0,006 346 (X+7,77)
Jet fuels© -20 0,002 7 0,108 5 0,148 5
Jetfuels, Tored BPTOE™ 1 202 and -40 0,002 03X 0,021 2X 0,0p1 2X
Residfial fuel oilsf 50 0,001 44 0,101 2X 0,1p2 9x
Residpal fuel oilsf 100 0,004 99 0,081 33X 0,071 86X
Middle distillate fuels, fatty
acid methyl ester (FAME) 40 0,001X+0,000 725 7 0,005 4X+0,026 0,005X+0,034 6
fuels and njixtures of theseg

X average of results being compared

a  Base oil[precision values were determined by statistical evaluation of interlaboratofyresults. Refer to 13.4 for details[12l,

b Formuldted oil precision values were determined by statistical evaluation{ofj interlaboratory results. Refe} to 13.4 for

details[3],

¢ Jet fuel precision values at -20 °C were determined by statistical evaluatioh of interlaboratory results. The reproducibility
estimate from the interlaboratory study has 18 degrees of freedom. This falls\below the minimum requirement of 30 4s defined by
practice ASTM D6300. Thus, the actual reproducibility may significantly.differ from these estimates. Refer to 13.4 fdr details[1Z],

d  Jet fuel precision values at -20 °C and -40 °C when employing\the temperature scanning procedure were deftermined by

statistical eyaluation of interlaboratory results. Refer to 13.4 for details[2%,

¢ This regeatability is currently not referenced in specification ASTM D1655-23a. Use the precision statement for jet fuel at

-20 °C withdqut scanning.

f Residual fuel oil precision values were determijnéd by statistical evaluation of interlaboratory results. Refef to 13.4 for

details/18],

8  These precision values were determined by, statistical evaluation of interlaboratory results. Refer to 13.4 for defails[3].

13.3 Bias

13.3.1 General

NOTE This subclause’has been reprinted and modified from ASTM D7042-21all2l.

During the|interlaberatory study samples of middle distillate fuels, fatty acid methyl ester (FAME) fuels and
mixtures df theseswere tested according to ISO 3104 and in line with this document. Based or statistical
analysis, np significant bias between the two test methods was found[2l.

For other sample groups, to evaluate the relative bias the samples were tested according to ASTM D7042 and
with manual kinematic viscometers according to test method ASTM D445. For determination of the density
bias, base oil samples were analysed with digital density meters according to test method ASTM D4052.
Both test methods were carried out in the same laboratories as the ASTM D7042 measurements.

All suggested relative bias correction formulae to manual ASTM D445/ISO 3104 kinematic viscosity are
summarized in Table 4.
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gree of agreement between results by test method ASTM D7042 and test method

ASTM D445

13.3.2.1 The same materials have been measured with test method ASTM D7042 and test method ASTM
D445. The obtained data has been assessed in accordance with the procedures described in practice ASTM

D6708 and

provided:

13.3.2.2 No bias to the test methods specified in ASTM D445 and ASTM D7042 was found to exist for base oils.

13.3.2.3 For formulated oils, the following bias correction was suggested according to RR:D02-1741[13];

Y€40 =0,996X4n

(2)

Y

€100 7

where

X100

If the Kking
according
obtained W
ranges ex
found in t

For the san
and data fn
reproducih
was 0,521

To demong
methods, 4
additive, aj

13.3.2.4 F

If the kiner]

all’n
(St

X100 —0,023538

is the predicted ASTM D445 result at 40 °C. This result would hayeybeen obtained
sample had been measured with test method ASTM D445 (mm2/s);

is the predicted ASTM D445 result at 100 °C. This result would have been obtained
sample had been measured with test method ASTM D445 (mm?2/s);

is the result from the test method specified in ASTM:D7042 at 40 °C (mm?/s);
is the result from the test method specified in ASDM D7042 at 100 °C (mm?/s).

matic viscosity obtained from the test method specified in ASTM D7042 is biag
o Formula (2) or Formula (3), the result may®Be considered as practically equivalent to

ined. After bias-correction, no sample-specific bias, as described in practice ASTM ]
aterials investigated.

ple types and property ranges under study, bias-corrected data from test methods A§
om ASTM D445 measurements is expected to differ by more than the following betweg
ility, R,,, as outlined in practice ASTM D6708, approximately 5 % of the time. At 40 mn
b6 mmzys at 40 °C, and at'10 mm?/s the R, was 0,088 19 mm?/s at 100 °C.

trate that the viseosity modifier (polymeric additive) type did not affect the bias b
dditional data-was requested. A pilot study confirmed that regardless of the type of
pplying the previously established bias correction is appropriatel1el.

pr jet fuel'at -20 °C, the following bias correction was suggested according to RR:D02-

haticwiscosity obtained from test method ASTM D7042 is bias-corrected according to

(3)

f the same

if the same

-corrected
the results

Fith the test method specified in ASTMD445 for the types of material and within thle property

D6708, was

TM D7042
n methods

12/s the Ry,

btween the
polymeric

1750071
ormula (4),

tho caoncidarad Hc nyaes fieallg aaniualont o thao racnlic Alhtainmad vanth tact ymathad
Htote-+es HHReaV TteSeie

oy o CorSTIatTr T O oo proatorCorry CHurv oaiccT Tt OOt VIt T TITOC 1

STM D445

for the types of material and within the property ranges examined. After bias-correction, no sample-specific
bias, as described in the practice specified in ASTM D6708, was found in the materials investigated.

Y,=X-

where

Y

e

0,013373

had been measured with test method ASTM D445 (mm?/s);

X

is the result from the test method specified in ASTM D7042 at -20 °C (mm?/s).
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For the sample types and property ranges under study, bias-corrected data from test methods ASTM D7042
and data from ASTM D445 measurements is expected to differ by more than the following between methods
reproducibility, R,, as outlined in practice ASTM D6708, approximately 5 % of the time. R, = 0,162 mm?2/s
at-20°C.

Xy’

13.3.2.5 For residual fuel oils at 50 °C, according to RR:D02-1837[18] no bias correction is necessary and
no sample specific biases can be identified. For residual fuel oil at 100 °C, RR:D02-1837 suggests a bias
correction of 0,251 mmZ/s, but no sample specific biases were found.

Y,=X+0,251 (5
where
Y, isfthe predicted ASTM D445 resultat 50 °C. This result would have been obtained if the sgme sample
h3ad been measured with test method ASTM D445 (mm?2/s);
X  is|the result from the test method specified in ASTM D7042 at 50 °C (mm?/s),

For the sample types and property ranges under study, bias-corrected data from test methods A$TM D7042
and data fjom ASTM D445 measurements is expected to differ by more than thefollowing betwe¢n methods
reproducilility, R, as outlined in practice ASTM D6708, approximately 5 % efthe time:

Xy’
0,5
Ry =(0,5RZ+0,5R,?) (6)
where
ny is{the between methods reproducibility;
R, isfthe reproducibility of ASTM D7042;
R, is[the reproducibility of ASTM D445.
Table 4 —— Suggested relative bias correction to manual ASTM D445/1S0 3104 kinematic yiscosity
Temverature Relative bias cor- | Bias-correctad X (pre-
Material poc rection dicted Y) § mX+b
mm?/s mm? /s
Base oils? 40 and 100 none m=1,b=0
Formulated-oils? 40 0,996X m=20,996)b=0
Formulatedoils? 100 X-0,023 538 m=1,b=-0,p23 538
Jet\fuelsa -20 X-0,013 373 m=1,b=-0,p13 373
Jat fuels, Scanning procedure? -20 and -40 N/A N/A
Residual fuel oils2 50 none m=1,b=0
Residual-fuel-oilsd 100 1X+0:254 m-=4-b=0,251
Middle Distillate Fuels, Fatty Acid Methyl Ester _ _
(FAME) Fuels and mixtures of theseP 40 none m=1,b=0
a  Reprinted from ASTM D7042-21all2],
b Refer to 13.3 for details.

13.4 Interlaboratory study

NOTE

This subclause has been reprinted and modified from ASTM D7042-21all2],

The precision statement for Middle Distillate Fuels, Fatty Acid Methyl Ester (FAME) Fuels and mixtures of
these was developed by statistical evaluation of the results of a CEN interlaboratory study in accordance
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with ISO 4259-1[11, For other sample groups, interlaboratory studies were performed following the practices
specified in ASTM D6300 and ASTM D6708. Details are given in Table 5.

Table 5 — Interlaboratory study

15 °C. The s4
procedure d

b Comme]

¢ Jetfuels
d  Jet fuel
ASTM D630
¢ Residua
1S0 8217121,
f Single F

(50/50) of p

mples were tested as duplicates, measured within a time interval of typically less than 10 min following
epicted in Clause 10. Precisidn data on base oils was obtained using manual sample introduction exclusiy

cially available samples, ‘e.g. motor oils, hydraulic oils, and synthetic gear oils[13],
amples Jet-A, Jet-A1,JP8;SPK, SPK blend, and N2B viscosity standard[LZ],

samples conformling to ASTM D1655[7Z], ASTM D7566[13] or DEF STAN 91-091. Performed according
(10l and ASTM 'B7915[141,

fuel sample$ conforming to Grades No. 5 or 6 as specified in ASTM D396[3] and/or RMG and RMK grade

AME types (e.g. palm-kernel- and rape-seed-based), blends of methyl esters, different middle distillat
hraffinic diesel fuel (GTL) and arctic diesel fuel MK1[3],

g8  Test conducted in 20 laboratories.
h  Test conducted with 9 formulated oils.

i Test conducted in 19 laboratories.

Dynamic Densi Kinematic | First
T ture viscosit ensity viscosit issued
Material empera Samples | Laboratories y range y .
°oC p range 3 range in
mPa-s g/cm mm?/s year
. 0,82 to
Base oils2 15 0,92
Base oils? 40 10 12 2,05 to 456 2,48 to 514 2003
. 0,83 to L
Base ¢ils? 100 316 1,06 to.39;p
. 0,829 89to| 40,164 to
b ) )
Formulated oils 40 19 34 to 411 0,873 008 150,71h
10 524t 0,791 92t 6,468 2t 2012
ilcb ) (0] 1] (0] 1] 0
Formulated oils 100 18 39,2 0,83512 48,292
3,1705to |0,786 72to| 3,808 7 to
Jet fulels¢ -20 12 13 6,748 9 6:859 98 7082 4 2012
Jet fuels, canning 20 2,754 65 to10,783 13to| 3,383 7 to 2019
procedured 15 10 5,799 §5 0,853 31 6,784 1
Jet fuels, canning -40 5,2594'to |0,797 44 to| 6,35075t 2019
procedured 14,002 0,867 96 16,170 5
. . 25,31to | 0,917 3 to
Residual fuel oils® 50 2212 0,993 7 27,6to 2230
10 10 5,493 t 0,8831t 6,202 t 2016
. . ) 0o f o ) 0
Residual fuel oilse 100 1091 0,961 1 1081
Middle djstillate
fuels, fatity acid
methyl estgr (FAME) 40 12 21 2,61to5,5p | 2014
fuels and mixtures
of the¢sef
a  Base oillsamples without additive package.\binear extrapolation of density results at 40 °C and 100 °C gave dengity values at

he standard

ely[19],

to practices

specified in

bs and a mix

14 Test report

The test report shall contain at least the following information:

a)

reference to this document, i.e. ISO 23581:2024;

b) type and complete identification of the product tested;
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