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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task andards
adopted by the technical committees are circulated to the member bodies for voting. Publication*jas an
International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is dfawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 2431 was prepared by Technical Committee ISO/TC 35, Paints and varnishes;-Subcommittee [SC 9,
General test qnethods for paints and varnishes.

This fifth editipn cancels and replaces the fourth edition (ISO 2431:1993), which has been technically rgvised.
It also incorpgrates the Technical Corrigenda ISO 2431:1993/Cor.1:1994 and. JSO 2431:1993/Cor.2:1999,

The main tecInicaI changes are as follows:

a) the curves in Figures 2 to 5 have been placed in a single\figure (Figure 2) and the equations for the
conversign of flow time to kinematic viscosity and vice versa represented by the curves in these fijgures
have begn moved from the figures to a table (Table 1);

b) the accufacy of the stopwatch used is no longer spé€gaified;

—

c) aclause has been added describing the marking of products tested to indicate the results of the teg

d) the procedure for checking the flow cups for wear and tear has been revised to include two alternative
methods|(one using a certified reference material or secondary working standard, the other using a
certified flow cup) and has been moeved to an informative annex;

e) the formgr Annex A on the use'of)flow cups for the adjustment of paint consistency has been deletgd;

f) anew annex describing theconversion of flow times from one temperature to another has been adfled.

iv © SO 2011 — Al rights reserved
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Introduction

431:2011(E)

The first edition of this International Standard, published in 1972, specified only one flow cup of orifice diameter
4 mm. The second edition specified three flow cups of orifice diameter 3 mm, 4 mm and 6 mm. The third edition
corrected errors in Figures 2 and 4 and the equations for those figures. The fourth edition specified four flow
cups of orifice diameter 3 mm, 4 mm, 5 mm and 6 mm. The main changes made in this fifth edition are given

in the

foreword.

As is well known, many countries over the years have developed their own standard flow cups and the difficulty
in correlation between them has led to considerable confusion in comparing values. The standardization of an
improved design of flow cup has been recommended after careful consideration, by an expert working group,

of the
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prope
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role of flow cups for the measurement of the flow time of paints, varnishes and related prg

bcognized that flow times are reproducible only for products of Newtonian or near-Ng
rties. This effectively limits their practical use. Nevertheless, for checking purposes;thess
a useful purpose. Furthermore, the measurement of flow time is often used,to confirm t
tency.

often contain flow-arresting agents to confer increased viscosity. Suchpaints exhibit n
roperties. Their viscosity during application can only be properly assessed using viscom
pscribed in ISO 3219.

5 and varnishes can exhibit Newtonian or near-Newtonian/flow at much higher viscosit
and, where this applies, flow cups can provide a useful means of controlling the consisty
quirement, this International Standard provides flow cups-suitable for viscosities up to abo

hixotropic materials, stirring or other such mechanieal disturbance immediately before testi
w time compared with that for an unstirred sampley With such materials, uncertain and vari

hieved in the determination of the flow time-of such materials.

ducts.
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flow cups do
ne application
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ng will reduce
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are obtained with all the flow cups. The repeatability and reproducibility limits given in Clause 9 cannot
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INTERNATIONAL STANDARD 1ISO 2431:2011(E)

Paints and varnishes — Determination of flow time by use of
flow cups
1 Scope

1.1 This International Standard specifies a method for determining the flow time of paints, varnishes and

I t <l 4 tlo ot lo al b 4+ L Hy
relategproauctsmat canoe USea 1o CoNtrorConNstStency:

1.2 |Four flow cups of similar dimensions, but having orifice diameters of 3 mm, 4 mm,/8'wm gnd 6 mm, are
speciffed. Two methods for checking the flow cups for wear and tear are given (see AnnexA).

Flow ¢ups with a replaceable jet are not covered by this International Standard as'the close tolefances on the
supply of the material under test to the jet are not met.

Comnponly used dipping flow cups are also not covered by this InternationalkStandard. In general, {he fabrication
tolerapces for such flow cups are greater than those of the flow cups specified in this Internatignal Standard.
Therefore flow time determinations with dipping flow cups give a precision which is lower than(that obtained
with the flow cups specified in this International Standard (see Clause’9).

1.3 |The method is limited to testing materials for which the breakpoint of the flow from the orifjce of the flow
cup can be determined with certainty. This point is difficul{to’ determine and reproduce for matdrials with flow
times jnear the upper limit of the measurement range (100 S) due to slowing-down effects.

2 ormative references

The fpllowing referenced documents arevindispensable for the application of this documept. For dated
references, only the edition cited applies:For undated references, the latest edition of the referen¢ed document
(inclugling any amendments) applies!

ISO 1p13, Paints and varnishes—=Examination and preparation of test samples

ISO 15528, Paints, varnishes-and raw materials for paints and varnishes — Sampling

3 Terms and definitions

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

31
flow fme
¢

time that elapses from the moment when the material under test starts to flow from the orifice of the filled flow
cup to the moment when the flow stream of material first breaks off close to the orifice

3.2

Newtonian flow

type of flow exhibited by a material in which, at a constant temperature, the ratio of the shear stress to the shear
rate does not vary either with time or with the shear rate

NOTE When variations in this ratio are small, the effect on viscosity of mechanical disturbance, such as stirring, is
negligible and the material is said to have near-Newtonian flow.

© 1SO 2011 — Al rights reserved 1


https://standardsiso.com/api/?name=c8a8716553aaeb02ac95246c2c5f059e

ISO 2431:2011(E)

3.3

non-Newtonian flow
type of flow exhibited by a material in which, at a constant temperature, the ratio of the shear stress to the shear

rate varies eit

3.4

her with time or with shear rate

kinematic viscosity

14

ratio of the dynamic viscosity to the density of the liquid

NOTE

The Sl base unit for kinematic viscosity is metres squared per second (m?2/s).

4 Tempe

The effect of
the type of pr

For referencd
However, it m|
example, 25 ¢

For control by
and it shall be
be in a place

5 Appara

5.1 Flow ¢

5.1.1 Dimern
The dimensio|

NOTE Th
proportional to

5.1.2 Mater!

The jet of the
be made of a

ture considerations

mperature on flow time is highly significant with respect to application properties.and varie
bduct.

purposes, (23,0 + 0,5) °C is specified as the test temperature in this Anternational Sta
ight be more convenient to carry out comparative testing at some othef-agreed temperatu
C) because of prevailing temperature conditions (see also Annex B);

flow time, the test sample and flow cup shall be conditioned to an‘dgreed or specified tempe
ensured that the temperature variation does not exceed 0,5/°C\during testing. The flow cu
which is free from draughts.

tus

ups

sions
hs of the ISO flow cups and the tolerances allowed in manufacture shall be as shown in Fig

b most critical tolerance is the internal diameter of the jet of the flow cup, because the flow time is in
the fourth power of this dimension.

al

flow cup shallbe’made of stainless steel or sintered carbide, and the body of the flow cuj
material which is corrosion-resistant and is not affected by the products to be tested.

5.1.3 Cons

tLuction

The dimensionpshot specified, such as wall thickness, shall be such that no distortion of the flow cup can

s with

hdard.
re (for

rature
D shall

ure 1.

ersely

b shall

occur

in use. The external shape should preferably be as shown in Figure 1, but may be modified for convenience of
use, or manufacture, provided that the protruding jet of the flow cup is protected from accidental damage as far
as possible by an external protective sleeve. Such a protective sleeve shall not be immediately adjacent to the
jet, so as to prevent any capillary action when the material under test flows out.

Flow cups having an additional jacket for temperature control are preferred.

5.1.4 Finish

The interior surfaces of the flow cups, including the orifice, shall be smooth and free from turning marks,
crevices, ledges and burrs which might cause random flow or trap sample or cleaning material.

NOTE
than 0,5 ym.

The standard of finish required is equivalent to a maximum roughness Ra (as defined in ISO 4287) of not more

© 1SO 2011 — All rights reserved
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Dimensions in millimetres,
roughness in micrometres
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Key
1 jet

a8 Sharp edge (not rounded).

. . Values? for the flow cups given
Dimension
3=mm (No 3) flow cup | 4-mm (No 4) flow cup | 5-mm (No 5) flow cup | 6-mm (INo 6) flow cup
A 63 62,7 62,4 62,1
B 3 4 5 6
C 5 6 7 8
2  Fprtolerances, see the enlarged section of the jet.

Figure 1 — Flow cup

5.1.5 Measurement range

Flow cups shall be used within the measurement range given in Table 1. Only in this range can meaningful data
be obtained. In addition, the conversion of flow time to kinematic viscosity and vice versa, shall be carried out
using the equations given in Table 1.

© 1SO 2011 — All rights reserved
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Table 1 — Measurement range of flow cups and conversion of flow time to kinematic viscosity and

vice versa
Flow time, ¢ Kinematic viscosity, v Measurement range
Flow cup
s mm?/s S
v 4 2
No 3 [20,89+ 451,54—(0,89) V=0,443X1—@ 30<¢<100
t
\% 4 2
No 4 =5t 146,0+[2Y74] v =137x;_ 200 30 <¢<100
\4 v ?
No 5 ‘=555 67’”[6,56] v =328 220 30 < £100
t
\% 4 2
No 6 =gt 82,6+(13’8] v =6,90x:_ 270 30 <¢<100
t

The curves corresponding to the equations given in Table 1 are plotted in Figure 2.

NOTE

These curves are given for information only.

© 1SO 2011 — All rights reserved
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<

kinematic viscosity, in millimetres squared per second

Figure 2 — Conversion curves for 3-mm, 4-mm, 5-mm and 6-mm flow cups

5.1.6 | Marking
Each flow cup shall hfave the following inscriptions permanently and legibly marked on it:
a) dpsignatiop-of flow cup: ISO 2431, No 3, No 4, No 5 or No 6;

b) manufaeturer’s identification number;

c) manufacturer’'s name or trade mark.

5.1.7 Care and checking of flow cups

Clean the flow cup immediately after use and before the sample starts to dry, using a suitable solvent. Never
use metal tools or a wire scourer for cleaning purposes. If the orifice becomes contaminated with dried deposits,
soften these with a suitable solvent and clean carefully, for example with a soft cloth pulled through the orifice.

Check the flow cups periodically for wear and tear by one of the procedures specified in Annex A.
5.2 Supplementary apparatus

5.21 Thermometer, graduated at intervals of 0,2 °C or finer.

© 1SO 2011 — Al rights reserved 5


https://standardsiso.com/api/?name=c8a8716553aaeb02ac95246c2c5f059e

ISO 2431:2011(E)

5.2.2 Stand, suitable for holding the flow cup and provided with levelling screws.
5.2.3 Spirit level, preferably of the circular type.

5.2.4 Flat glass plate or straight-edge scraper.

5.2.5 Stopwatch, or other suitable timing-device, with scale divisions of 0,2 s or finer.

5.2.6 Temperature-controlled room or enclosure, capable of maintaining the flow cup and sample at a
recommended, constant temperature (see Clause 4).

NOTE This will not be needed if the flow cup has a jacket for temperature control.

6 Sampling

Take a repregentative sample of the material to be tested, as described in ISO 15528, Examine and prepare
the sample fof testing, as described in ISO 1513.

A sample of 150 ml is sufficient for carrying out one test. Take care to mix the material thoroughly, while|at the
same time avpiding, as far as possible, loss of solvent by evaporation.

7 Procedpre

7.1 Prelimjnary check for Newtonian flow

7.1.1  Chooge a flow cup that will give a flow time of betwgen 30 s and 100 s for the test material.
7.1.2 Determine the flow time as specified in 7.2.

7.1.3 Repept the determination, but this time allow the material to remain in the flow cup for 60 s pefore
removing the ffinger used to close off the orifice (see 7.2.4).

7.1.4 If the|second result differs fromr the first result by more than 10 %, the material shall be deemeq to be
non-Newtonign and therefore unsuitable for consistency control by flow time measurement.

7.2 Determination of flow time

7.2.1 Choicp of flow:cup

Choose a flow cup*that will give a flow time of between 30 s and 100 s for the test material.

7.2.2 Temperature adjustment

Adjust the temperature of the sample, and the flow cup, to (23,0 £ 0,5) °C, or to an alternative agreed temperature
(see Clause 4).

NOTE If the temperature-controlled enclosure (5.2.6) is used, it is advisable to condition the flow cup and the sample
by placing them in the enclosure before use.

The sample shall be considered ready for testimmediately after any air bubbles entrained during the preparation
procedure have dispersed. Carry out a final check that the temperature of the sample is within 0,5 °C of the
agreed test temperature immediately prior to filling the flow cup.

6 © 1SO 2011 — Al rights reserved
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7.2.3 Preparation of the flow cup

Place the flow cup on the stand (5.2.2), in a position free from draughts and, by using the spirit level (5.2.3) and
adjusting the levelling screws of the stand, ensure that the upper rim of the flow cup is in a horizontal plane.

7.2.4 Filling the flow cup

With the orifice closed by a finger, fill the flow cup with the well stirred, bubble-free sample, pouring slowly to
avoid the formation of air bubbles. If any bubbles are formed, allow them to rise to the surface and remove
them.

NOTE If the flow cup has been properly levelled. the sample will overflow evenly over the rim into the gallery.

Remave any meniscus formed either by drawing the straight-edge scraper (see 5.2.4) over the entire rim of the
flow clp or by sliding over the rim a flat glass plate with rounded edges so that no air bubhtes’form between the
glass pnd the surface of the sample, subsequently drawing this plate horizontally across.the rim ¢f the flow cup
so thgt, when the plate is removed, the level of the sample coincides with the top rim of the flow|cup.

7.2.5 | Measurement of flow time

Place

surfag
startt
orifice

7.2.6

Carry
the te
the m

If the
either
the m

If the
suitab
e.g. tc

8 M
The p

If suclh a marking is made, it shall comprise a reference to this International Standard, the design

a suitable receiver under the flow cup so that the distance betweenthe orifice of the floy
e of the received sample is never less than 100 mm. Remove the finger from the orifice and s
he timing-device (5.2.5), stopping it as soon as the first break-0ceurs in the stream of samp)
. Record the rounded flow time to the nearest 0,5 s.

Repeat determinations

out a second determination on another portion ofithe originally prepared sample and check
Mperature of testing is within the prescribed limits. Record the flow time to the nearest 0,
pan of the two determinations.

wo determinations differ by more than5-%, carry out a third determination. If the third dete
of the previous determinations do fiotdiffer by more than 5 %, discard the outlier. Calculat
pan of the two accepted determinations.

third determination does not)provide this measure of agreement, the method of test is

v cup and the
multaneously
e close to the

carefully that
b s. Calculate

rmination and
e the result as

unlikely to be

le because of non-Newtonian flow behaviour, and consideration shall be given to other m¢thods of test,

measuring the viscosity using a rotational viscometer.

arking of products tested

foduct tested may be marked with a marking indicating the results of the test.

ation number

of the|flow cup used and the flow time, in seconds. For example,
1ISO2431 — 5 — 65
Number of this International Standard — Designation number of flow cup — Flow time
9 Precision
9.1 General

An interlaboratory test was planned and executed, and the results evaluated, in accordance with ISO 5725-2.
Eleven laboratories participated in the test. Liquids were tested using 4 mm and 6 mm flow cups. Except for
the varnish when tested using the 6 mm flow cup, the liquids showed Newtonian flow behaviour. The flow
behaviour of the varnish when tested using the 6 mm flow cup was nearly Newtonian, but, when the preliminary

© 1SO 2011 — All rights reserved
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check specified in 7.1 was carried out, the second result did not differ from the first result by more than 10 %

(see 7.1.4).

9.2 Repeatability limit »

The value below which the absolute difference between two single test results, each the mean of duplicates,
obtained on identical material by one operator in one laboratory within a short interval of time using the
standardized test method, may be expected to lie with a 95 % probability is approximately 2 s.

Details of the results are given in Table 2.

Tabte 2— Repeatabiitty fimit7

Test liquid Orifice diameter Mean value of flow Repeatability limit
time r
mm s s
Engine oil 4 55 1,7
Varnish, basefl on organic solvents 4 56 1,7
Engine oil 6 60 2,6
Varnish, basefl on organic solvents 6 43 1,7

9.3 Repro

The value be
obtained by d
be expected t
the 6 mm flow

Details of the

Jucibility limit R

cup.

results are given in Table 3.

Table 3 — Reproducibility limit R

ow which the absolute difference between two single test results, each the mean of duplicates,
perators on identical material in different laborafories using the standardized test method, may
p lie with a 95 % probability is approximately 3-s’for the 4 mm flow cup and approximately p s for

Test liquid Orifice diameter Mean value of flow | Reproducibility] limit
time R
mm s S
Engine oil 4 55 2,2
Varnish, basefl on organic s¢lvents 4 56 3,2
Engine oil 6 60 3,9
Varnish, basef on organic solvents 6 43 5,5

10 Test report

The test report shall include at least the following information:

a) all details necessary to identify the product tested;

b) a reference to this International Standard (ISO 2431) and to designation (No 3, No 4, No 5 or No 6) of the

flow cup

c) the manufacturer’s identification number of the flow cup used;

used;

d) the temperature of testing;

e) the flow time (for referee purposes, individual values shall also be reported);

© 1SO 2011 — All rights reserved
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f) any deviation, by agreement or otherwise, from the test procedure described;
g) any unusual features (anomalies) observed during the test;

h) the date of the test.

© 1SO 2011 — Al rights reserved 9
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A1

Two method
reference ma

Annex A
(normative)

Checking flow cups for wear and tear

General

can be used to check flow cups. In method A, the flow cup is checked by using aice
erial (CRM) or secondary working standard (SWS). In method B, the flow cup is checked 4

rtified
gainst

a certified floy cup.

A.2 Standards required

A.2.1 Certified reference material (CRM), comprising a standard Newtonian oil of*known kinematic vigcosity
and known sHelf life. The CRM shall be certified by an accredited laboratory.

A.2.2 Secohdary working standard (SWS), comprising e.g. a commeércially available engine oil ol other
substance with a kinematic viscosity determined by testing representative subsamples at least three times,
utilizing an ingtrument previously verified using a CRM, statistically analysing the results and, after the removal
of any outlierg, calculating the arithmetic mean of the results.

Store SWSs ih containers which will retain the integrity of thesSWS, out of direct sunlight, at a temperatyre not
exceeding 10|°C.

An SWS may|be used up to three times. It shall then be*tempered and allow to stand for devolatilizatior| for at
least 3 h.

A.2.3 Flow/|cup, certified by an accreditedtiaboratory.

A.3 Method A — Checkingusing a CRM or SWS

To check a particular flow cup,use a CRM or an SWS of known kinematic viscosity at (23 + 0,2) °C. Choose
a CRM or SWS with a flow_time which is in the range 30 s to 100 s, and preferably near the midpoint pf this
range, for the|flow cup caneerned.

Condition the|CRM or SWS, and the flow cup being checked, at (23 + 0,2) °C for at least 2 h. Determine tHe flow
time of the CRM or\SWS, following the procedure specified in Clause 7, to the nearest 0,2 s.

Carry out theldetermination three times

Calculate the mean value of the three determinations and, using the appropriate equation in Table 1, the
kinematic viscosity of the liquid as given by the flow cup.

Calculate the

10

deviation between the certified and the measured viscosity using Equation (A.1):

© 1SO 2011 — All rights reserved
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V= (Vmeasured ~ V certified) X 100

A (A1)
V certified
where
Av is the deviation between the certified and the measured viscosity, expressed as a percentage;
Vimeasured 1S the viscosity calculated from the flow time determined, in square millimetres per second,;
Veertified is the viscosity of the CRM or SWS, in square millimetres per second.
If the two values of the calculated kinematic viscosity obtained do not differ by more than 3 %. the flow cup is
deemegd to be satisfactory for use.
NOTE When using an SWS, instead of calculating the kinematic viscosity the flow times measured can be used
directly to calculate the deviation, expressed as At [see Equation (A.2)].

A4

To ch
flow ti
conce

Condi
enclo
flow ti
SWS,

Carry

Calcu
flow c

Method B — Checking using a certified flow cup

bck a particular flow cup, use a certified reference flow cup of the same type. Choose a
me which is in the range 30 s to 100 s, and preferably near the,midpoint of this range, fo
rned.

tion the certified reference flow cup, the flow cup being checked and the SWS in a temperat
sure at a temperature between 20 °C and 25 °C for at least2°h. During this conditioning and th
me measurement, the temperature shall remain constant to within £0,2 °C. Determine the fl
following the procedure specified in Clause 7, to the'nearest 0,2 s.

out the determination three times. Calculate thé’result as the mean of the three determina

Lip being checked, using Equation (A.2):

_ (fchecking ~ Lcertified ) < 100

h SWS with a
I the flow cup

iIre-controlled
e subsequent
pw time of the

tions.

ate the deviation between the flow time given by the certified reference flow cup and thaft given by the

Ay (A.2)
Lcertified
where
Ay is the deviation between the flow time given by the certified flow cup and that givien by the flow
cup being checked, expressed as a percentage;
fdhecking is.the flow time determined with the flow cup being checked, in seconds;
tdertified is the flow time determined with the certified reference flow cup, in seconds.
If the fwo-values of the determined flow times obtained do not differ by more than 3 % (absolute), the flow cup
is deemedtobesatisfactory foruse:
© 1SO 2011 — Al rights reserved 1
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