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Adopted:
OECD GUIDELINE FOR TESTING OF CHEMICALS 12 May 1981

"Viscosity of Liquids"
(- Capillary Method, using capillary viscometer and flow cup
- Rotational Viscometermethod
- Forced Ball Viscometer method, using olling
ball viscometerand drawing ball viscometer)

1. INTRODUCTORY INFORMATION

e Prerequisite

— Density, for the ring ball viscometer method

e Guidance information

— Melting point/meltingrange
— Boiling point/boilingrange

e Coefficient of variation

Coefficients of variatiomppeared to be dependent on the atemtestedThey are
calculated from the ean values given by the patrticipants of the OECD Ledttory
Intercomparisoifesting, Part I, 197%nd their range is from 0.004 to 0.0&haut referring
to different methods applicable.

e Qualifying statement

The five nethods listed are appropriate in principle for the investigation of Nemto
liquids. The neasurement of non-Newtian liquids is only possible with thetational
viscometer.

e Additional comments

These rmathodsare capable of greatprecisionthan is likely to berequired for
environmental assessment.

Theranges are as follows:

Capillary viscometer 0.5 mPa s to°1@Pa s
Flow cup 8 mPa s to 700 mPa s
Rotatical viscometer 10 mPa s to’10Pa s
Rolling ball viscometer 0.5 mPa s to>10Pa s
Drawing ballviscometer 0.5 mPa s to1@Pa s

Users of this Test Guideline should consult the Preface,
in particular paragraphs 3, 4, 7 and 8.
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e Standard documents

The majoity of the nethodsdescribed is based on bdtiternatiomal and national
standardsTheappropriate 1SO-Standards describing the conceretttbdsare cited within the
text of this Test Guideline.

A good summary of measurinigstrunentsand measuring methodsan be found in
reference 2, Section 4, Literature.

2. METHOD

A. INTRODUCTION, PURPOSE, SCOFE, RELEVANCE,
APPLICATION AND LIMIT S OF TEST

Theviscasity of fluids isenvironnentally relevant owing to theenetration of fluidsto
the soilandthe harmful effect on the groundwater which may thissiply be caused. From
the pant of view of this problem, surfadension as well as questions attability, miscibility
or solubility play apart in addition to visaity, sothat it is usally not sdficient to cosider
viscasity alone.

There is n@nvironmentally relevant limit in thaérection of low viscosities. The lower
the viscaity the more easily a fluid seapto the sd. The lowest dynamic viseiy ofliquids
occurring at room temperature is appradely 0.2 mPa ghat is to say 1/5 of the visgity
of water at 20°C. A limit in thelirection of high viscositiescannot be precisely quoted.
Dynamic viscosities above approxitely 16 mPa s are so high that penetratiao the soil
is no longer probable.

In the case of substances which havield yalue (pastes, ointmenti)e substance may
still not penetraténto the sdl, althoughthe dynamiwiscasity may be lovafter the yield value
has been exceeded. If the substance is solublater wrcan be entsified, environmental
damage may occur despite the existence of a flow limit.

e Definitions and units

Viscasity is the prperty of a fluid shstance of absorbing a stress during dedtion
which depends on the rate of thefornmation. Sinilarly, the stressan be regarded as the cause
which brings about deformation rate.
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The shear stress andthe shear rate D are related by theagqgu.
T =nD
n is defined as the dynamigscasity.

For Newtoniariquids, the viscsity is constant atll shear rateand depends only on
the variables pressuend terperature.

For non-Newtoniardiquids, the viscsity will vary with shear rate.

If the viscaity is measwed with capillaryviscometers whout applied pressure, the
measured qntity obtained is theatio of dynamic viscsity to density, the scalled kineratic
ViSCaBity v.

The Sl wit of dynamic visagity is the Pascatecad, Pa s. Fgoractical use a
submultiple is more cwenient; 1 mPa s = #@Pa s (one centipoise [cP] in the obsolete cgs-
system.)

The SI wit of kinematic visceity isthe square metre per sadpnt/s. The normal sub-
unit derived from this is the squardllimetre persecmd, mm/s = 1 nf/s. (1 mm's = 1
centistoke [cSt] inhe obsoletegs-system.)

 Reference substances

Thereference substancesed not be employed all cases wheimvestigating a new
substanceThey are provided primarily so thaglibration ofthe nethod may be performed
from time to time and toffer the chance to compare thesults wen aniver method is
applied.

The list of reference substances on the npage has beeextracted from that
recomnended by the I.U.R.C.

e Principle of the test method

Viscaosity measurements are carried out preidamtly according to three measurement
principles:

(@  The flow under gravitythrough acapillary, (capillaryviscometer or flow cup)

(b) Shearing of the fluid between roentric cylinders, coneplatend parallel plate
(rotatinal viscometer).
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List of reference substances (extract from IUPAC-list) (1)
Chemicalname Certified value Source* Remarks
(identification n°) and accuracy

Series of mineral oils 1 mPasto 27,000 mPas C Newtonian liquids,

(hydrocarbonspartly (1.25 mni/s to determned bycapilary

natural, partly synthetic | 30,000 mr¥s) at 20°C. viscometers with suspended

products) Uncertanty + 0.2%, level, (Ubbebhde).
above 4000 mPa s Data also for other
+ 0.3% temperatures between 20°C
and100°C

Type JS 2.5 - 2000 Certified for viscosity in E

(series of 10 liquids) mPa s and kiematic
viscosity in mn¥/s.

Rangefor viscosity at
20°C from 2 to 1800.

Type 60 H 60,000 mn¥'s at 20°C E

Type 200 H 200,000 mrfis at 20°C E

Mineral oil 11 mPa s to 1000 mPa g D Newtonian liquid. Certified
+ 0.1% at 20°C also fordensity and

kinematic viscosity

Mineral oil 10° mPa s to 1DmPa s
+ 0.5% at 20°C

Polyisobutenes 10 mPa s to 10mPa s Newtonian liquid. Rotating
+ 1.5% at 20°C cylinder viscometer method

used.

Series of 11 mineral oils | Certifiedfor viscosity in G Certified alsofor kinematic
mPa s at 20°CRange viscosityanddensity.Data
from 1.503 = 0.1% to also at 50°C and 80°C.
1729 + 0.2%

Series of 7 Certified for viscosity in G Data also at 50°C, 80°C and

polyisobutylenes mPa s at 20°CRange 100°C
from 4170 + 1.3% to 589
X 10° + 1.0%

* Units are given as reped by issuing laboratory. The countries reporting:

C. Germany The Physikalische-Technische Bund#ain33 Braunschweig, uBidesalleel00, Fecral
Republic of Germany.

D. Hungary National Office of Masues Nénetdlgyi ut 37-39, sz. Budast XIl, Hungary.

E. Japan National Chemical Labtwry for Industry, Ministry of International Trade & Industry, 1-1
Honmachi, Shibuya-ku - Tokyo, 151 Japan.

G. Poland Division of Physico-Chemical Metigy, National Board for Quality Control andédsues -

2, Elektoralna Street, Warsaw, Poland.
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(c) Dynamic viscositycan be measured by movement of a ball werical or inclhed liqud-filled
cylindrical tube (e.g. a rolling ball viscometer Ibioppler, drawing ball @cometer, etc.)

With the Hoppler viscometer thedensity must be known in order to calculate tbgnamic

viscosity.

e Quality criteria

The varbus methods afetermining viscosity of liquidare compared as &pplication, measuring
rangeandstandardsability in Table 1, below.

Table 1: Quality criteria

Method of Viscosity Viscosity Measuring Standardsati Temperature
measurement Dynamic Kinematic range mPa s on constancy
mPa s mmé/s or mnt/s required °C

Capilary X 051to0 16 ISO 3104 +0.1
Viscometer and
Flow cup X 8 to 700 ISO 3105 +05
Rotational X 10 to 16 ISO 3218.2 £02
Viscometer
Rolling Ball X 05 to 16 no internatio- +01
Viscometer nal standards,

seeDIN 53015
Drawing Ball X 0.5 to 10 no internatio- +0.1
Viscometer nal standards,

seeDIN 52007

part 2 (draft)

Possibility of standardisatim See Table 1

Possibility of attomation: Yes
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DESCRIPTION OF THE TEST METHOD

Preparations

Apparatus

Capillaryviscometer designs are described3©3104; 1SO3105; DIN 51550; DIN 51562
Part 1; DIN51561; DIN 51366; DIN 51372; DIN 5317ASTM D-1200-70; ASTM D-
2393; ASTM D-914 Rart 25 to 37ASTM D-88-56.

The standardisation of tational viscometers covers, with few exceamjoonly general
specifications aacerning the flow pattern, range of shearing stresses sethanelocity
gradient as well as specification relating to specific substas€e’3219-1977; DIN 51398;
DIN 51377; DIN 53214; DIN 530194®t 1; DIN53229; DIN 52312 &t 2; DIN53921;
ASTM D-562-55; ASTM D-346-74;ASTM D-2983.

Forced ballviscometers are only standardised in suatimal standards as: DIBB015;
DIN 52007 Rrt 2andASTM D-914 Rrt 25 to Part 37.

Test conditions

Each deterimation of viscagity must beacconpanied by the teperature at ich the

measurement wasatke. Theleternination shoulgreferably be made at a tpanature of 20°C
and at onetber temperature approxtely 20°C higher (see Table 1 for fmmature control
limits). At least two deterimations should be ade at each terarature.

Performance of the tests

The neasurement is carried out according to $ipecifications in the respective

standards.
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3. DATA AND REPORTING

e Treatment of the results

The evalwation of the viscsity measurement is to be carried out according to the
standards in the case of capillaapd forcedall viscometers. In thease of rtational
viscometers, the specification of a visitpisappropriate only for Newtgan fluids. For non-
Newtonian fluids theesults dtained are preferred in the form of flow curves which must be
interpreted, assung the validity ofvarious laws of flow.

The wncertainties in the measurement are quoted in the standards for capiltaty, fo
ball and rd¢ational viscometers.

e Test report
(detailed conduct of testnd evaliation)

The test report is to be drafted in accordanite tve specifications in the standards. It
must include individuaind mean values at each pematue. Any variation fromhe standard
method must belescribed in detail.
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