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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.
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Introduction

A rotational viscometer is composed of a spindle, a torque measuring device and a spring. There are

three
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types of rotational viscometers with regard to difference of the spindle:

single cylinder type (used in this document, i.e. ISO 2555);
coaxial cylinder type (used in ISO 3219[2]);
cone-plate type (used in ISO 321912]).

er type and cone-plate type instruments measure viscosity under constant shear ra

using a single cylinder type instrument, the measured viscosity is relative t
ions. Conditions are therefore intended to be specified for viscosity measurements.

ewtonian fluids, the viscosity value remains the same even if different viscosit
pds from this document and ISO 3219 are used.

non-Newtonian fluids the measured viscosity changes depending on shear rate. 1
mined using different measuring methods such as methods from this document 3

iring low-cost equipment, the principles underlying the Brookfield technique sti
tant element in determination of viscosity of liquids.

locument is largely based on the Brookfield;method established in 1989. However
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Plastics — Resins in the liquid state or as emulsions or
dispersions — Determination of apparent viscosity using a
single cylinder type rotational viscometer method

1 Scope

This dlocument specifies a method of determining apparent viscosity of resins in a liquid [state using a
singld cylinder type rotational viscometer.

The method can be used for viscosity measurements in the range from 0,02 Pa - s/t0.60 00D Pa - s.

This document is applicable to both Newtonian and non-Newtonian liquids andthe measufed apparent
viscosity depends on the velocity gradient to which the liquids are subjected during the mgasurement.
2 Normative references

Therq are no normative references in this document.

3 Terms and definitions
For the purposes of this document, the following texins and definitions apply.
ISO apd [EC maintain terminological databases-for use in standardization at the following pddresses:

— IEC Electropedia: available at http://www.electropedia.org/

et

$0 Online browsing platform: available at https://www.iso.org/obp

3.1
single cylinder type rotationalviscometer
appatatus that determines.yviscosity by measuring the torque acting on a cylinder or a|disc surface
rotating in laminar floweondition at constant angular velocity

3.2
spindle
rotational symmetric object in the form of a cylinder or disc connected to a vertically rotating shaft

3.3
apparentwviscosity
viscosityof liquids/fluids determined from the measured torque using predetermined calibration table

Note 1 to entry: For non-Newtonian fluids the apparent viscosity depends on the shear rate. With these types of
viscometer, the velocity gradient is not the same for every point of the spindle. Thus, for a non-Newtonian fluid,
the result is not strictly the true “viscosity at a known velocity gradient” and therefore is conventionally called
the apparent viscosity.

4 Principle

4.1 General

A rotational symmetric spindle is driven at constant rotational speed in the liquid being measured.

© ISO 2018 - All rights reserved 1
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The resistance exerted by the fluid on the spindle, which depends on the viscosity of the liquid, creates
a torque which is measured by a suitable device.

The apparent viscosity measured using a single cylinder type rotational viscometer is obtained
by multiplying the torque readout with a coefficient which depends on the rotational speed and
characteristics of the spindle. With digital viscometers, viscosity is displayed by setting a certain

rotational sp

This method

eed and entering the correct spindle number.

applies to Newtonian and non-Newtonian matter.

4.2 Operating principle

With analogle viscometer, a synchronous motor rotates a vertical shaft through a gear-bex
vertical shaff drives, through a spiral spring, a second lower shaft, forming an extension ofcthe f

removable s
shafts rotatd
between the
liquid viscos
a dial-needle

With digital
automaticall

indle is attached to this second shaft and is immersed in the liquid under test. Thesg
at the same frequency but, when the spindle is immersed there is an angular dev,
m which is a function of the resistance of the liquid to the rotation of the spindle, i
ty. Because of the difficulty of taking readings while the needle and dial‘are both rot
locking system allows the reading to be taken after the motor hasStopped.

viscometers, an angle deviation between a vertical shaft and*a second lower sh
y read using the device for angle deviation measurement;Figure 1 shows a sche

drawing of the operating principle of a digital viscometer.

4.3 Brief

Analogue vig
rotational sp

Digital visco
rotational sp
angular devi

lescription

cometer body is equipped with an electric switeh, synchronous motor, gear-box w
eed change button, spiral spring, dial and negdle, and dial-needle locking system.

meter body is equipped with an electricswitch, synchronous motor, the input device
eed, the input of the spindle, spiral spring, spindle, CPU, display and measurement
htion system.

This
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Figure 1 — Schematic drawing of the operating principle of a digital viscometer

5 Apparatus

5.1 Single cylinder type rotational viscometer

Depending on the viscosity of liquid and the desired precision, viscometer models L, R, H(A) or H(B)
are chosen for measurement of sample viscosity. These viscometer models are categorized, based on
the torque range. R is used as a standard format. L is used when the viscosity is low. H(A), H(B) is used
when the viscosity is high.

The interchangeable spindles are made of metal and are in the form of cylinders or discs, which can be
fixed on to main shaft of the viscometer. L1 to L4 are to be used with model L and R1 to R7 can be used
for models R, H(A) and H(B) type viscometers.

© ISO 2018 - All rights reserved 3
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A guard stirrup as specified in Annex B can be used to protect the device and the spindle. Using a guard

stirrup shall

not change measurement conditions.

The guard stirrups consist of a metal plate with a “U” form to protect the spindles.

The shape and dimensions of guard stirrups and spindles are given in Annex B. The size of the beaker
shall be adapted depending on use of a guard stirrup.

With an analogue viscometer, the deviation is measured by a horizontal needle, fixed to the spindle
shaft, moving on a horizontal dial fixed to the first (motor) shaft and consequently rotating with this
shaft. When the spindle is rotating in air, the needle shall be calibrated to the “0” graduation of the dial.

A digital visd

Figure 2 sho
an example ¢

Fig

ometer measures automatically the deviation between the spindle and the motor.

vs an example of a single cylinder type rotational viscometer for model L. Figire 3 shows
f a single cylinder type rotational viscometer for model R, H(A) and H(B).

Viscometar

rure 2.— Example of single cylinder type rotational viscometer for Model L

© ISO 2018 - All rights reserved
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Figire 3 — Example of single cylinder type rotational viscometer for model R, H(A) and H(B)

Each yiscometer consists of the following:

— the viscometer body; model L, R, H(A); H(B) depending on the liquid to be tested; Wwith plastics,

Ll< R<H(A) < H(B);

—_—

qrgest).

All spiindles carry'd mark that indicates the immersion level in the liquid (see F in Table B.1).

Chardcteristicsvof single cylinder type rotational viscometer models are given in Table 1.

— fIr model L: Four interchangeable spindles numbered from L1 to L4 (L1 being the largest);

odel R is most commonly used, with highly viscous samples model H(A) or H(B) is r§commended,
while with less viscous samples model L is recommended. The maximum value of the njeasurement,

r model R, H(A), H{B): Seven interchangeable spindles numbered from R1 to R7 (R1 being the

Table 1 — Characteristics of single cylinder type rotational viscometer models

Viscometer model

Maximum torque

Spindles numbered

uN-m
L 67,37 L1 L2 L3 L4
R 718,7 R1 R2 R3 R4 R5 R6 R7
H(A) 14374 R1 R2 R3 R4 R5 R6 R7
H(B) 5749,6 R1 R2 R3 R4 R5 R6 R7

The shapes and sizes of the spindles are such that the viscosities corresponding to a maximum torque
indication on the meter, for the various rotational frequencies, are those given in Table 2 and Table 3.

© ISO 2018 - All rights reserved
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Table 2 — Maximum value of viscosity as a function of rotational speed and type of spindle for
viscometer model L

Viscometer model Rotational speed Viscosity
Pa-sa
Spindle
r/min L1 L2 L3 L4
100 0,06 0,3 1,2 6
60 0,1 0,5 2 10
30 0,2 1 4 20
12 0,5 2,5 10 50
L 1 5 20 100
3 2 10 40 200
1,5 4 20 80 400
0,6 10 50 200 100
0,3 20 100 400 2000
a  1Pa-s=103cP.
Table 3 — Maximum value of viscosity as a function of rotationalspeed and type of spindlg for
viscometer models R, H(A) and H(B)
. . Viscosity
Viscometger Rotational Pa-sa
model speed -
Spindle
r/min R1 R2 R3 R4 R5 R6 R7
100 0,1 0,4 1 2 4 10 40
50 0,2 0,8 2 4 8 20 B0
20 0,5 2 5 10 20 50 200
10 1 4 10 20 40 100 400
R 5 2 8 20 40 80 200 800
4 2,5 10 25 50 100 250 1p00
2,5 4 18 40 80 160 400 1p00
2 5 20 50 100 200 500 2p00
4 10 40 100 200 400 1000 4 D00
0,5 20 80 200 400 800 2000 800
100 0,2 0,8 2 4 8 20 B0
50 0,4 1,6 4 8 16 40 160
20 1 4 10 20 40 100 4|00
10 2 8 20 40 80 200 800
H(A) 5 4 16 40 80 160 400 1600
4 5 10 20 50 100 500 2000
2,5 8 32 80 160 320 800 3200
2 10 40 100 200 400 1000 4000
1 20 80 200 400 800 2000 8000
0,5 40 100 400 800 1600 4000 16 000
a  1Pa-s=103cP.

6 © ISO 2018 - All rights reserved
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Table 3 (continued)

. . Viscosity
Viscometer Rotational Pa-sa
model speed -
Spindle
r/min R1 R2 R3 R4 R5 R6 R7
100 0,8 3,2 8 16 32 80 320
50 1,6 6,4 16 32 64 160 640
20 4 16 40 80 160 400 1600
10 8 32 80 160 320 800 3200
H(B) 5 16 64 160 320 640 1600 6400
4 20 80 200 400 800 2000 8000
2,5 32 128 320 640 1280 320 12 800
2 40 160 400 800 1600 400 16 000
1 80 320 800 1600 31200 800 32000
0,5 160 640 1600 3200 6400 16 000 | 64000
a  1[Pa-s=103cP.

Calibration shall be carried out once per year using traceable standard liquids.

5.2 |Thermostatic liquid bath
It sha]l be capable to maintain the liquid being tested atthe test temperature with an accurgcy of 0,2 °C.
Recommended test temperatures are: 20 °C, 23 °G;25 °C, 40 °C, 55 °C, 70 °C, 85 °C and 100|°C.

If the[test has to be carried out at higher temperatures, it is advisable to use an extension shaft between
the spjindle and the apparatus.

5.3 |Additional apparatus
5.3.1| Support, used to hold.the/'viscometer and move it vertically.

5.3.2| Beaker. Glass beaker suitable for the intended spindle and guard stirrup.

The sjize of the beaker'may be arbitrary. However, it is necessary to use the beaker of the same size
when|comparing theresults of a measurement.

5.3.3| Teniperature measuring device.

— Riesolution: +0,1 °C.

— Accuracy: 0,2 °C.

6 Choice of spindle and rotational speed

Choose the spindle and rotational speed taking into account the value of the viscosity to be measured,
the desired precision and the velocity gradient. For best accuracy a measurement range of 45 % to 95 %
of full scale deflection is preferred. By no means shall measurements be done at less than 20 % or more

than 95 % of full-scale deflection.

The choice of rotational speed implies use of one or more suitable models of viscometer. If more than
one viscometer models are used the same rotational speed should be used for each model. The choice
may be made based on stated or expected viscosity, using Tables 2 and 3.

© ISO 2018 - All rights reserved 7
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To allow comparison of results, it is better to keep the same spindle even if this requires use outside of
the preferred range of 45 % to 95 % of full scale deflection. Practice shows that the results may deviate
between successive spindles.

If the value of viscosity to be measured is not known, measurements shall be performed with successive
spindles, beginning with number (R7 or L4).

Choice of test conditions for general application to resins in the liquid state, emulsions and dispersions
is shown in Annex A.

7 Procedure

Mount the v
with the liq
sufficient ti
take care to
Take particul
bubbles can

The tempera
temperature
be checked Y

temperature

In order to 1
spindle at an
is easy to fal
with low vis
and connect

Jlar care to measure the viscosity of products completely free of bubblés| only. If nece

fure of the liquid shall be kept constant during measurement. The time to reach the d¢

scometer, with its guard stirrup, when applicable, on its support. Fill the beaker-{|
id to be tested, taking care not to introduce air bubbles, then place it in the bath.{5.2
e to reach the desired temperature. If the liquid contains volatile matter ords hygros
close the beaker tightly during heating to the desired temperature andomeasure

be eliminated by applying a vacuum or by any other appropriate method.

of measurement may be different depending on type and viscosity of the liquid and
y preliminary testing. If the viscosity of the liquid is high(it may take up to 24 h to
equilibrium.

emove the air bubbles attached to the spindle, with\the beaker still in the bath, ho

out because the R1 spindle has a hole on the top-surface (see Figure 4). R1 spindle i5
osity liquids. It is necessary to help the air.bubbles escape. Orientate the spindle vert]
t to the shaft of the apparatus.

B

5.3.2)
fora
copic,
ment.
5sary,

bsired
shall
reach

d the

angle of approximately 45° relative to the surface-of the liquid upon immersion. R1 spindle

used
ically,

Figure 4 — R1 spindle

Check that the spindle is vertical, using the bubble level of the viscometer, that the lower end of the
spindle is more than 10 mm from the bottom of the beaker and that the spindle is immersed to the
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underside of the mark on its shaft. Immerse the thermometer (5.3.3) in the liquid. Figure 5 shows the
bubble level indicator.

Figure 5 — Bubble level indicator

Wait fintil the teniperature of the liquid has reached the desired test temperature.
With digital. viscometers, input the rotational speed and the spindle number to be used.

Start fh€ motor and run at the desired rotational speed.

With analogue viscometers, allow the instrument to run and read the dial to the nearest 0,25 % of
maximum value. When a stable value has been reached on the dial, lock the needle and stop the motor
to take the reading.

With digital viscometers, viscosity is automatically calculated and displayed.

Slowly changing dial readings may indicate thixotropic or rheopectic behaviour of the liquid. Refer to
the manufacturer instructions to take the reading of the dial after a defined time, or as soon as it has
become constant. It is also possible to plot the curve of viscosity as a function of period of rotation.

Different liquids may have different rheology. For liquids with thixotropic or rheopectic behaviour, the
period of rotation should be fixed, e.g. 1 min.

Continue taking measurements until two consecutive values are obtained that do not differ by more
than 3 % from each other.

© ISO 2018 - All rights reserved 9
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Take the average of these two values.

After each determination, detach the spindle from the apparatus and wash it thoroughly in a suitable
solvent. For example, light oil, neutral detergent, alkaline cleaning solution or water.

8 Expression of results
Calculate the apparent viscosity, in pascal seconds (Pa-s), of the product tested, using Formula (1):

Akl W

=000

where

is the apparent viscosity;

A is a goefficient depending on the viscometer model having a value of 1 for madel L, 1 for
model R, 2 for model H(A) and 8 for model H(B);

"

k isa ¢oefficient depending on the rotational speed-spindle combinatidn used; in the case d
appdratus as specified in Annex B, the values of k are as shown i/ Tables 4 and 5;

[  is the mean of the two values read on the dial.

With digital|viscometers, there is no need for calculation using.the above formula; by selecting the
rotational spgeed and entering the correct spindle number, vis¢osity is automatically calculated and

displayed.

Table 4 — Coefficient k for different rotational speed-spindle combination

Viscometer model Rotational speed Coefficient ka
Spindle
r/min L1 L2 L3 L4
100 0,6 3 12 6
60 1 5 20 1010
30 2 10 40 200
12 5 25 100 5000
L 6 10 50 200 1000
3 20 100 400 2000
1,5 40 200 800 4000
0,6 100 500 2000 10 Q00
0,3 200 1000 4000 20 oo
a  Jtmay be necessary to calibrate each spindle with liquids of known viscosity and to adopt slightly different values of k.

10 © ISO 2018 - All rights reserved
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Table 5 — Coefficient k for different rotational speed-spindle combination

] Rotational Coefficient k2
Viscometer speed spindle
model
r/min R1 R2 R3 R4 R5 R6 R7
100 1 4 10 20 40 100 400
50 2 8 20 40 80 200 800
20 5 20 50 100 200 500 2000
10 10 40 100 200 400 1000 4000
5 20 30 200 400 300 200 8000
R, H(A), H(B)
4 25 100 250 500 1000 250 10 000
2,5 40 160 400 800 1600 400 16 000
2 50 200 500 1000 2000 5000 20000
1 100 400 1000 2000 4.000 10000 | 40000
0,5 200 800 2000 4000 8000 20000 | 80000
a  Itjmay be necessary to calibrate each spindle with liquids of known viscosity and.to.adopt slightly differjent values of k.

Exprgss the results to three significant figures, indicating the model'of viscometer (L, R, H(A), or H(B)),

the nyimber of the spindle and the rotational speed, as in the following example:
Viscopity (R/3/20) =4,25Pa-s
[1Pafs=103cP]

9

The test report shall include the following patticulars:

a)
b)
c)
d)
e)
f)
g)
h)

Test report

a|reference to this document (i.e. JSO~2555);

the designation of the liquid being tested;

the test temperature;

the viscometer model,'rotational speed, spindle;
the value of the apparent viscosity;

the measurément time;

the size“of'the beaker;

thepresence or absence of the guard stirrup.

© ISO 2018 - All rights reserved 11
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Annex A
(informative)

Choice of test conditions for general application to resins in the
liquid state, emulsions and dispersions

Figure A.1 is a diagram showing the viscosity range covered for the viscometer used at the specified
rotational spleed.

Y

=1 -a—aul2 e L3

»-—-=——mna R2 R3

H(A) =——-=—= R1 R2

H(B) #=——-=——= R1 R2

0,1 1 10 100 1000 10000

Key
—-——_ pertpitted range
—  recdmmended range

X viscpsity

Y spindle and type of viscométer

Figure A.1 — Viscosityrange (logarithmic scale) for every spindle of the L, R, H(A), and H{(B)
viscometers at a rotational speed of 10 r/min

Particular cgdnditiens may be recommended for certain products.

Table A.1 suthfaarizes the particular test conditions for a number of products in the light of internafional
practice. Choose spindle in response to the viscosity value.

12 © ISO 2018 - All rights reserved
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Table A.1 — Examples of test conditions

ISO 2555:2018(E)

Product Viscometer Rotational Temperature Special remarks
model speed
r/min °C
Phenolic resins Ra 50 23
Polyester resins Ra 10 23
Epoxy resins Ra 10 23
Adhesgives Ra 10 or 20 23
Aquepus dispersions Ra 50 23 Read pfter 1 min
PVC fastes Ra 20 23 Read pfter 1 min

a  The models H(A) and H(B) can be used when the viscosity of the product is greater than theviscosity liy
with rhodel R at the rotational speed recommended. For less viscous product, model L may be‘used.

hit measurable

© ISO 2018 - All rights reserved
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