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INTERNATIONAL STANDARD

ISO 2431-1984 (E)

Paints and varnishes — Determination of flow time by use

of flow cups

0 Introduction

The first edition of this International Standard, published in
1972, specified only one flow cup of orifice diameter 4 mm. The
second editioh specified three flow cups of orifice diameter
3 mm, 4 mm|and 6 mm. This third edition corrects errors in
figures 2 and ¥ and the equations for those figures. Also, this
edition incorpprates the corrections given in Erratum 1, publish-

As is well Known, many countries over the years have
developed their own standard flow cups and the difficulty in
correlation befween them has led to considerable confusion in
comparing values. The standardization of an improved design

1.2 Three flow cups of similar dimensions, but|having orifice
diameters of 3, 4 and 6 mm, are specified. The method for their
calibration is given.

of flow cup h
by an expert
measurement
products.

It is recognizt
products of n

s been recommended after careful consideration,
working group, of the role of flow cups for the
of flow time of paints, varnishes and related

ed that the flow times are reprodugible only for
pwtonian or near-newtonian flow-properties. This

effectively lim|
purposes, the)
more, the me

ts their practical use. Nevertheless, for checking
e flow cups do serve a usefulpurpose. Further-
asurement of flow time-is.often used to confirm

1.3 The method is limitédto testing materials
breakpoint of the flow from the orifice of the fig
determined with certainty. This point is difficult
and reproduce for.materials with flow times in e
due to slowing-down effects.

2 References

ISO 468, Surface roughness — Parameters, thé
general rules for specifying requirements.

ISO 1512, Paints and varnishes — Sampling.

ISO 1513, Paints and varnishes — Examination af|
of samples for testing.

ISO 2884, Paints and varnishes — Determination
a high rate of shear.

for which the
W cup can be
to determine
kcess of 100 s

bir values and

vd preparation

of viscosity at

the applicatiop consistency.

Paints often gontain flow artesting agents to confer increased
viscosity. Sugh paints exhibit>anomalous flow properties that
can only be groperly assessed using viscometers operating at
high velocity gradients;=such as that described in ISO 2884.

Resins and varnishes, however, may exhibit newtonian or near-
newtonian floa i j itie g-thi

3 Definitions

3.1 flow time : The elapsed time from the moment when
the material under test starts to flow from the|orifice of the
filled cup to the moment when the flow stream of material first
breaks close to the orifice.

plies, flow cups can provide a useful means of controlling the
consistency. To meet this requirement this International Stan-
dard provides flow cups suitable for viscosities up to about
700 mm2/s.

1 Scope and field of application

1.1 This International Standard specifies a method for the
determination of the flow time of paints, varnishes and related
products that may be used to control consistency. A method
for the adjustment of paints to the correct application con-
sistency at the application temperature is described in the
annex.

3.2 newtonian flow : The type of flow exhibited by a
material in which the ratio of the shear stress to the velocity
gradient does not vary either with time or with the velocity
gradient. When variations in this ratio are small, the effect on
viscosity of mechanical disturbance, such as stirring, is negli-
gible and the material is said to have near-newtonian flow.

3.3 anomalous flow : The type of flow exhibited by a
material in which, at a constant temperature, the ratio of the
shear stress to the velocity gradient varies either with time or
with rate of shear. For example, with so-called thixotropic
materials, stirring or other such mechanical disturbance im-
mediately before test will reduce the flow time below that for an
unstirred sample. With such materials, uncertain and variable
values for flow time are obtained in all flow cups.
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3.4 dynamic viscosity : The ratio of the applied shear stress
to the velocity gradient.

NOTE — The St unit for dynamic viscosity is the pascal second (Pa-s).
The traditional unit is the centipoise (cP); 1 cP =1 mPa-s.

3.5 kinematic viscosity : The ratio of the dynamic viscosity
to the density of the liquid.

NOTE — The S} unit for kinematic viscosity is the square metre per
second (m2/s). The traditional unit is the centistokes (cSt);

5.1.3 Finish

The interior surfaces of the cups, including the orifice, shall be
smooth and free from turning marks, crevices, ledges and burrs
which may cause random flow or trap sample or cleaning
material. The standard of finish required is equivalent to a max-
imum roughness?! of not more than 0,5 um.

5.1.4 Calibration

1¢St = 1 mm2/s.

4 Temperatyre considerations

The effect of tem;[erature on flow time is highly significant in
respect of application properties and varies with the type of
product.

For international reference purposes, it is essential to standar-
dize one test temperature, and 23 + 0,5 °C is specified in this
International Stanglard . However, it may be more convenient
to carry out comparative testing at some other agreed
temperature (for | example, 25 °C) because of prevailing
temperature conditions.

For control by flow time, it is normal practice to condition the
test sample to an|agreed temperature and to ensure that the
temperature variatjon does not exceed 0,5 °C during testing.

5 Apparatus)
5.1 Flow cupg

5.1.1 Dimensiofs

The dimensions ¢f the ISO flow cups and the tolerances
allowed in manufacture shall be as given in.figure 1. The most
critical tolerance i the internal diameter of the jet of the cup,
because the flow [time is inversely proportional to the fourth
power of this dimpnsion.- The jet/of the cup shall be made of
stainless steel or sintered carbide-'unless otherwise specified,
and the body of the cup shall be made of a material which is
corrosion resistant and is ‘not affected by the products to be
tested.

Dimensionally similar cups will give, with newtoniah liquids,
similar flow times, provided that the temperature of [testing is
precisely the same. The use of such liquidsito-calibrate cups
provides a useful means of initially checking that dimensionally
similar cups are within the accepted tolerances of performance
and also for checking from time to time whether any wear or
damage has taken place sufficient-te bring a cup outside the ac-
cepted tolerances.

For calibration of any particular cup, use a standard oil 2 of
known kinematic viscoSity and draw a graph of kinematic
viscosity versus temperature from the data given by| the sup-
plier for the oil.

Using the relevant procedure described in clause 7, getermine
the flow.time of the oil at a known temperature within|the range
20 to.30 °C, measured to the nearest 0,1 °C.

Record this flow time, which should be in the range 30 to 100 s
and preferably near the mid-point of this range, to an|accuracy
of 0,2 s.

From the prepared graph, read the kinematic viscosjty at the
test temperature.

Using the appropriate calibration graph of figure 2, 3 pr 4, read
the flow time corresponding to this kinematic viscosity.

If the two values of flow time obtained do not diffeJ by more
than 3 %, the cup may be deemed satisfactory for Jse.

For reference purposes, a correction factor corresponding to
the flow time deviation from that obtained using the gil may be
applied.

5.1.2 Construction

The dimensions not specified, such as wall thickness, shall be
such that no distortion of the cup can occur in use. The exter-
nal shape shown in figure 1 is recommended, but may be
modified for convenience of use, or manufacture, provided that
the protruding jet of the 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 a capillary action when the material
under test flows out.

5.1.5 Marking

Each flow cup shall have the following inscriptions permanently
and legibly marked on it :

a) designation of cup : ISO 2431 No. 3, 4 or 6;
b) manufacturer’s identification number;

c) manufacturer's name or trade-mark.

1) In the sense defined in ISO 468, i.e. the arithmetical mean deviation R, from the mean line of the profile.

2} Information on suppliers of suitable oils can be obtained from national standards organizations.
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5.1.6 Care

and checking of flow cups

ISO 2431-1984 (E)

7.1.3 Repeat the determination but this time allow the
material to remain in the flow cup for 60 s before removing the

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

Check the cups periodically for wear or damage by the calibra-
tion procedure specified in 5.1.4.

finger.

71.4

If the second result differs from the first result by more

than 10 %, the material shall be deemed to be non-newtonian

and therefore unsuitable for consistency contro
measurement.

2.2 Determination of flow time

5.2 SuppIJmentary apparatus

5.2.1 Thermometer, accurate to 0,2 °C and graduated at
0,1 °C intervas.

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 Stop-watch, or other suitable timing-device with scale
divisions of 0/5 s or finer and accurate to within 0,2 % when

7.2.1 Choice of flow cup

Choose a flow cup that will give a_flow ‘time be
100 s, but preferably between 30 .and 100 s,
material.

7.2.2 Temperature adjustment

Adjust the temperdture of the strained sample,
cup, to 23 + 0/59C, or to an alternative agree
(see clause 4)<Jf the temperature-controlled encld
used, as recommended, it is advisable to conditig
the sample-before straining, by placing them in

| by flow-time

tween 20 and
for the test

and the flow
il temperature
sure (5.2.6) is
n the cup and
the enclosure

beforeCuse. The sample shall be considered

eady for test

tested over a

5.2.6 Temperature-controlled

capable of m

BO min period.

room or enclosure,
ntaining the cup and sample at a recommended,

constant temperature. (See clause 4.)

immediately after any air bubbles entrained during the prepara-
tion and sieving procedures have dispersed. Cafry 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 cup.

6 Sampli

Take a repregentative sample of the material to be tested as
described in ISO 1512. Examine and (prepare the sample for
testing as degcribed in ISO 1513. Before testing, it is advisable
to strain the pample through an appropriate sieve into a clean
dry containerl. This is mandatory)for referee purposes. 150 ml
of strained material is sufficient-for carrying out one test. Take
care to mix the material~thoroughly, while at the same time
avoiding, as far as possible, loss of solvent by evaporation.

7.2.3 Preparation of the flow cup

Place the flow cup on the stand (5.2.2), in a pos|
draughts and, by using the spirit level (5.2.3) ang
levelling screws of the stand, ensure that the up
flow cup is in a horizontal plane.

7.2.4 Filling the flow cup

tion free from
adjusting the
per rim of the

With the orifice closed by a finger, fill the cup with the freshly

strained, bubble-free sample, pouring slowly to
mation of air bubbles. If any bubbles are formed,
rise to the surface and remove them. If the

avoid the for-
allow them to
cup has been

properly levelled, the sample will overflow evenly over the rim

into the gallery. Remove any meniscus formed &

ither by draw-
tire rim of the

ing the straight-edge scraper (5.2.4) over the er]

7 Procedure

7.1 Preliminary check

NOTE — This check is carried out to show that the material is suitable
for the test (i.e. is newtonian or near-newtonian)}.

7.1.1 Choose a flow cup that will give a flow time of between

30 and 100 s

for the material.

7.1.2 Determine the flow time by the procedure specified in
7.2, making sure that the material is well agitated before pour-
ing into the cup. Remove the finger within 5 s of filling the flow

cup.

cup or by sliding over the rim a flat glass plate with rounded
edges so that no air bubbles form between the glass and the
surface of the sample. Then draw this plate horizontally across
the rim of the cup so that, when the plate is removed, the level
of the sample coincides with the top rim of the cup.

7.2.5 Measurement of flow time

Place a suitable receiver under the flow cup so that the distance
between the orifice of the flow cup and the surface of the
received sample is never less than 100 mm. Remove the finger
from the orifice and simultaneously start the timing-device
{5.2.5), stopping it as soon as the first break occurs in the
stream of sample close to the orifice. Record the flow time to
the nearest 0,5 s.
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If the test is not carried out in the temperature-controlled
enclosure, place the thermometer (5.2.1) in the stream of sam-
ple so as not to interfere with observation of the break in the
flow.

This is conveniently done by holding the thermometer in a
suitable clamping device with the bulb so placed that it is at an
angle to the direction of flow and completely immersed in the
emergent stream and not less than 100 mm from the orifice. It
is convenient to use the same thermometer as is used to adjust
the temperature of the sample initially. Any difference in

8.1 Repeatability (r)

The difference between two results (each the mean of two
accepted determinations) obtained by the same operator with
the same apparatus under constant operating conditions on
identical test material shall, at the 95 % confidence level, not
exceed 5 %.

8.2 Reproducibility (R)

The difference between two results (each the mean of two

temperature fro e
greater than 0,5 fC.

7.2.6 Repeat

Carry out a secdnd determination on another portion of the
originally prepared sample and check carefully that the
temperature of testing is within the prescribed limits. Record
the flow time to [the nearest 0,5 s. Calculate the mean of the
two determinatiops.

If the two determinations differ by more than 5 %, carry out a
third determinatign. If the third determination and either of the
previous determ|nations do not differ by more than 5 %,
discard the other determination. Calculate the resuit as the
mean of the two|accepted determinations.

If the third detefmination does not provide this measure of
agreement, the method of test is unlikely to be suitable because
of anomalous flojv behaviour, and consideration shall be given
to other methods of test.

8 Precision

The precision ¢f the method, as obtained by.\statistical
examination of interlaboratory test results, is a follows :

accepted determinations] obtained by different opergtors in dif-
ferent laboratories on identical test material shall,/at the 95 %
confidence level, not exceed 10 %.

9 Test report
The test report shalt include atleast the following information :
a) the type and identification of the product tested;

b} a reference to this International Standard {ISO 2431)
and to the designation {No. 3, 4 or 6) of the cup used;

c) the>manufacturer's identification number df the flow
cup. used;

d) the temperature of testing;

e} the flow time (for referee purposes, indiviqual values
should also be reported);

f) any deviation, by agreement or otherwise, from the test
procedure described;

g} the date of the test.
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Annex

Use of flow cups for the adjustment of paint consistency

A.1 Introduction

in certain circumstances it may be necessary to adjust the con-
sistency of pai i i perature of

A.2.3 The flow cup specified should give, for the material

under test, a flow time in excess of 20 s to allo
degree of accuracy in the test.

w a sufficient

application.

Since paint consistency varies with temperature, it would be
helpful if manyfacturers of a paint supplied a chart showing the
relationship of temperature to the quantity of thinner to be
added to obtajn a desired consistency.

A.2 Use ¢of flow cups to determine the
quantity of thinner required to adjust a paint
to a specified flow time

A.2.1 The gpplication consistency of paints is readily adjus-
ted by additiop of thinner to give the required flow time at the
temperature df application. When the application conditions
are known to yary over a range of temperatures, such as seaso-

nal variations

pr in different work places, the volume ratios of

thinner to paipht can be predetermined and expressed graphi-

cally or in tab)
Even so, the
ment made if

Liar form for the convenience of the applicator.
hctual flow time should be checked and adjust-
hecessary, just prior to application.

A.2.2 When thinning paint to a specified consistengy, the

user should h

a) agrap

hve either

h or table indicating the volume ratio of thinner to

paint requifed to give a predetermined flow time depending

on temper.

hture variations at the work place, or

b) infornlation from the suppliey indicating the application

flow time

nd the approximate thinning ratio.

A.2.4 Thin a representative sample of thecbulk
appropriate volume of thinner and stir until\it'is

A.2.5 Place the clean flow cup\in’the stand

paint with the
well mixed.

provided and

ensure that the top of the cup is /level when it if seated in the

stand.

A.2.6 With the orifice closed by the finger, fil
the thinned paintuntil it flows evenly over the rim
(If the cup is level/ the overflow will be even ov

the cup with
of the gallery.
er the rim.)

A.2.7 'Remove the finger from the orifice and simultaneously

start the timing-device, stopping it as soon as
occurs in the stream of paint close to the orifig
flow time to the nearest second.

Add more thinner if the flow time is too long or m
flow time is too short. After each addition, m

paint well and redetermine the flow time until the
are met.

A.3 Test report
The test report shall include the required ratio

together with a record of the temperature of test

the first break
e. Record the

pre paint if the
x the thinned
required limits

of thinner to

to the nearest

paint and, if required, items a), b), c), f}, and I) of clause 9,

0,5 °C, and the flow time, reported to the near

st second.
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Dimensions in millimetres
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Figure 1 — Flow cup 1SO 2431
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Fiow time, ¢, s
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Figure 2 — Calibration curve for 3 mm cup
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