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British Standard Methods of test for paints

Part A6. Determination of flow time by use of flow cups

[ISO title: Paints and varnishes — Determination of flow time by use of flow cups]

Méthode d’essai des peintures

Partie A6. Détermination du temps d’écoulement au moyen de coupes d’écoulement

Verfahren zur Priifung von Anstrichstoffen

Teil A6. Bestimmung der Auslaufzeit mit einem Auslaufbecher

It is recommended that this Part be read in conjunction with the general information in the Introduction to BS 3900,

issued separately.

National foreword

This revision of this Part of BS 3900 has been prepared
under the direction of the Pigments, Paints and Varnishes
Standards Committee. It is identical with ISO 2431-1984
‘Paints and varnishes — Determination of flow time by use
of flow cups’, published by the International Organization
for Standardization {1SQ). This Part of BS 3900 supersedes
BS 3900 : Part A6 : 1983, which is withdrawn.

Part A6 of BS 3900 was formerly published as BS 1733
‘Flow cups and methods of use’. BS 1733, which was first
issued in 1951 and then revised in 1955, described two
types of flow cup (A and B). The revision in 1971 of this
standard as Part A6 of BS 3800 resulted in the deletion of
the type A flow cups (owing to the small demand for their
use) and in the extension of the number of type B flow
cups to five.

The 1983 edition specified three 1SO cups, designated as
ISO 2431 No. 3, 4 or 6 (corresponding to orifice diameters
of 3 mm, 4 mm and 6 mm). This revision has been prepared
in order to correct errors (see clause 0) in the calibration
graphs. Editions of this standard, prior to the 1983 edition,
described two alternative methods using flow cups: the
fixed-volume procedure and the break-point procedure.
This edition, however, limits the test method to the latter
procedure (i.e. to products that have newtonian or near-
newtonian flow properties (see clause 0}). Although this
standard no longer includes the fixed-volume procedure,

it may be possible to use this procedure to measure flow
times with the ISO flow cups whilst observing the
precautions given in 7.2.6.
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NOTE. [n clause 0, it is emphasized that paints and similar
materials often exhibit anomalous flow properties, to a greater or
lesser degree, because the flow time is influenced by the constituents
and the amount of mechanical disturbance of the sample before

and during the test. No reliable procedure can be laid down to
exclude such factors, which are usually indicated by large variations
in flow time with repeat tests. In such cases, it is recommended
that-an alternative method of test, such as that described in BS 3900
‘Methods of test for paints’ Part A7 ‘Determination of the viscosity
of paint at a high rate of shear’, should be used. Because of the
likelihood of anomalous flow, no attempt should be made to
convert flow times into viscosity values.

It has been assumed in the drafting of this standard that it
will be used and applied by those who are appropriately
qualified and experienced.

Terminology and conventions. The text of the international
standard has been approved as suitablie for publication as a
British Standard without deviation. Some terminology and
certain conventions are not identical with those used in
British Standards: attention is drawn especially to

the following.

The comma has been used as a decimal marker. In British
Standards it is current practice to use a full point on the
baseline as the decimal marker.

Wherever the words ‘International Standard’ appear,
referring to this standard, they should be read as
‘British Standard’.
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Cross-references
International standard  Corresponding British Standard

BS 3900 Methods of test for paints

Part A1.: 1970 Sampling
(Technically equivalent)

Part A2 : 1983 Examination and
preparation of samples for testing
{Identical)

The Technical Committee has reviewed the provisions of
ISO 468 and 1SO 2884, to which reference is made in the
text, and has decided that they are acceptable for use in
conjunction with this standard. A related British Standard
to 1SO 468-1982 is BS 1134 ‘Method for the assessment
of surface texture’ Part 1-: 1972 ‘Method and

ISO 15612-1974

1SO 1513-1980
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instrumentation’. A related British Standard to I1SO
2884-1974 is BS 3900 ‘Methods of test for paints’ Part
A7 : 1968 ‘Determination of the viscosity of paint at a
high rate of shear’.

Additional information. In 5.1.4 a procedure is described
for calibrating the I1SO flow cups using standard oils.

Oils suitable for this purpose with the required data of
temperature dependence of kinematic viscosity may be
obtained from the Paint Research Association, Waldegrave
Road, Teddington, Midd!esex,

Compliance with a British Standard does not of itself
confer immunity from legal obligations.

0 Introduction

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. This third edition corrects errors in
figures 2 and 4 and the equations for those figures. Also, this
edition incorporates the corrections given in Erratum 1, publish-
ed by ISO in 1981. It is one of a series of standards dealing with
the sampling and testing of paints, varnishes and related pro-
ducts.

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 role of flow cups for the
measurement of flow time of paints, varnishes and related
products.

It is recognized that the flow times are reproducible only for
products of newtonian or near-newtonian flow properties. This
effectively limits their practical use. Nevertheless, for checking
purposes, these flow cups do serve a useful purpose. Further-
more, the measurement of flow time is often used to confirm
the application consistency.

Paints often contain flow arresting agents to confer increased
viscosity. Such paints exhibit anomalous flow properties that
can only be properly assessed using viscometers operating at
high velocity gradients, such as that described in 1ISO 2884.

Resins and varnishes, however, may exhibit newtonian or near-
newtonian flow at much higher viscosities and, where this ap-
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 cofrect application con-
sistency at the application temperature is described in the
annex.

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.

1.3 The method is limited to testing materials for which the
breakpoint of the flow from the orifice of the flow cup can be
determined with certainty. This point is difficult to determine
and reproduce for materials with flow times in excess of 100 s
due to slowing-down effects.

2 References

ISO 468, Surface roughness — Parameters, their values and
general rules for specifying requirements,

ISO 1512, Paints and varnishes — Sampling.

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

1SO 2884, Paints and varnishes — Determination of viscosity at
a high rate of shear.

3 Definitions

3.1 fiow 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.

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 timeﬁelow that for an
unstirred sample. With such materials, unce i
values for flow time are obtained ‘n ¢!l fow cups.

ant



http://www.avadocuments.com/doc/bs-3900-a6-1986
http://www.avadocuments.com/doc/bs-3900-a6-1986

. BSI BS*3900 GPA PART¥AL 8L BN 1hb2Ybkd 0157821 4 WM

3.4 dynamic viscosity : The ratio of the applied shear stress
to the velocity gradient.

NOTE — The SI 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 Sl unit for kinematic viscosity is the square metre per
second (m2/s). The traditional unit is the centistokes (cSt);
1 ¢St = 1 mm2/s,

4 Temperature considerations

The effect of temperature 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 Standard . 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 variation does not exceed 0,5 °C during testing.

5 Apparatus
6.1 Flow cups

5.1.1 Dimensions

The dimensions of the ISO flow cups and the tolerances
allowed in manufacture shall be as given in figure 1. The most
critical tolerance is the internal diameter of the jet of the cup,
because the flow time is inversely proportional to the fourth
power of this dimension. 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.

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.

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

5.1.4 Calibration

Dimensionally similar cups will give, with newtonian liquids,
similar flow times, provided that the temperature of testing is
precisely the same. The use of such liquids to 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 to 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, determine
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 viscosity at the
test temperature.

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

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

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

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.

Documents
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B6.1.6 Care and checking of flow cups

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.

5.2 Supplementary apparatus

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

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 0,56 s or finer and accurate to within 0,2 % when
tested over a 60 min period.

5.2.,6 Temperature-controlled room or enciosure,
capable of maintaining the cup and sample at a recommended,
constant temperature. (See clause 4.)

6 Sampling

Take a representative sample of the material to be tested as
described in 1SO 1512, Examine and prepare the sample for
testing as described in 1ISO 1513. Before testing, it is advisable
to strain the sample through an appropriate sieve into a clean
dry container. 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 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 fiow
cup. :
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7.1.3 Repeat the determination but this time allow the
material to remain in the flow cup for 60 s before removing the
finger.

7.1.4 |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 control by flow-time
measurement.

7.2 Determination of flow time

7.2.1 Choice of flow cup

Choose a flow cup that will give a flow time between 20 and
100 s, but preferably between 30 and 100 s, for the test
material.

7.2.2 Temperature adjustment

Adjust the temperature of the strained sample, and the flow
cup, to 23 + 0,6 °C, or to an alternative agreed temperature
(see clause 4). If the temperature-controlled enclosure (5.2.6) is
used, as recommended, it is advisable to condition the cup and
the sample before straining, by placing them in the enclosure
before use. The sample shall be considered ready for test
immediately after any air bubbles entrained during the prepara-
tion and sieving procedures 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 cup.

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 (6.2.3) 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 cup with the freshly
strained, bubble-free sample, pouring slowly to avoid the for-
mation of air bubbles. If any bubbles are formed, allow them to
rise to the surface and remove them. If the cup has been
properly levelled, the sample will overflow evenly over the rim
into the gallery. Remove any meniscus formed either by draw-
ing the straight-edge scraper (5.2.4) over the entire rim of the
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.

7.25 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 simuitaneously 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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