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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
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Note 1 toentry: 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,
théwesult is not strictly the true "viscosity at a known velocitygradient” 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.
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Figure 1 — Schematic drawing of the operating principle of a digital viscometer
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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 protectthe 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 viscometer measures automatically thedeviation between the spindle and the motor.

Figure 2 shows an example of a single cylinder type rotational viscometer for model L. Figure 3 shows
an example of a single cylinder type rotational viscometer for model R, H{A) and H(B).

Wicomerer

Figure 2 — Example of single cylinder type rotational viscometer for Model L
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Figure 3 — Example of single cylinder type rotational viscometer for model R, H(A) and H(B)

Each viscometer consists of the following:

— the viscometer body; model L, R, H{A), H{B)} depending on the liquid to be tested; with plastics;
model R is most commonly used, with highly viscous samples model H(A) or H(B) is recommended,
while with less viscous samples modelL is recommended. The maximum value of the measurement,

L < R < H{A) < H(B);

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

— for model R, H{A), H(B): Séven interchangeable spindles numbered from R1 to R7 (R1 being the

largest).

All spindles carry a mark that indicates the immersion level in the liquid (see F in Tahle B.1).

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

Table 1 — Characteristics of single cylinder type rotational viscometer models

Viscometer model Maximum torque Spindles numbered
pN-m
L 6737 Lli L2 1.3 L4
R 718,7 R1 RZ R3 R4 R5 R6 R7
H{A) 14374 R1 R2 R3 R4 R5 R6 R7
H(B) 5 749,6 R1 R2Z R3 R4 R5 Ré6 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.
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H(A) 5 4 16 40 80 160 400 1600
4 5 10 20 50 100 500 2000
25 8 32 80 160 320 800 3200
2 10 40 100 200 400 1000 4 000
1 20 80 200 400 800 2000 8 000
0,5 40 100 400 800 1600 4 000 16 000
a 1Pa-s=103cP.
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Table 3 (continued)
: ! Viscosity
Viscometer Rotational Pa.sa
model speed Spindle
r/min R1 R2 R3 R4 RS Ro6 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(E) 5 16 64 160 320 640 1600 6400
4 20 80 200 400 a0o 2000 8 000
2,5 3z 128 320 640 1280 3 200 12 800
2 40 160 400 800 1600 4.000 16 000
1 80 320 a0n 1600 3 200 8 000 32 000
0.5 160 640 1 600 3200 6400 16 000 64 000
2 1Pa-s=108¢cP

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

5.2 Thermostatic liguid bath
It shall be capable to maintain the liquid being tested at the test temperature with an accuracy of 0,2 °C.
Recommended test temperatures are: 20 °C, 23 °C, 25 °G, 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 spindle and the apparatus.

5.3 Additional apparatus
5.3.1 Support, used to hold the viscameter and move it vertically.

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

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

5.3.3 Temperature measuring device.

— Resolution: +0,1 °C.

— Arrurvdeor &0 7 0
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Figure 4 1 spindle
N

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

Y4 \0
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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 until the temperature of the liquid has reached the desired test temperature.
With digital viscometers, input the rotational speed and the spindle number to be used.
Start the motorand run at the desired rotational speed.

With analogue viscometers, allow the instrument to run and read the dial to the nearest 0,25 % of
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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 salution or water.,

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

Akl
= 1
" To00 &

where

n  is the apparent viscosity;

A is a coefficient depending on'the viscometer model having a value of 1 for model L, 1 for
model R, 2 for model H{A) and 8 for model H{B);

k  is a coefficient depending on the rotational speed-spindle combination uséd; in the case of
apparatus as specified in Annex B, the values of k are as shown in Tahles 4'and 5;

|  isthe 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 speed and entering the correct spindle number, viscosity-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 60

Gl 20 100

30 2 10 40 200

12 5 25 100 500
L 6 10 50 200 1000
3 20 100 400 2000
1.5 40 200 800 4000
0,6 100 500 2000 10 000
7 0,3 200 1000 4000 20 000

a [t may be necessary to calibrate each spindle with liquids of known viscosity and te adopt slightly different values of k.
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Table 5 — Coefficient & for different rotational speed-spindle combination
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) Rotational Coefficient k2
Viscometer speed Spindle
model
r/min R1 R2 R3 R4 RS R6 R7
100 1 4 10 20 40 100 400
50 2 ] 20 40 a0 200 800
20 5 20 50 100 200 500 2000
10 10 40 100 200 400 1000 4000
5 20 80 200 400 800 2000 8000
R, H(A), H(B)
4 5 100 250 500 1000 2500 10 000
2,5 40 160 400 800 1600 4 000 16 000
50 200 500 1000 2000 5000 20000
100 400 1000 2000 4000 10000 | 40000
0,5 200 800 2000 4000 8000 20 000 80000

d

It may be necessary to calibrate each spindle with liquids of known viscosity and to adopt slightly different values of k.

Express the resultsto three significant figures, indicating the model of viscometer (L, R, H(A), or H(B)),
the number of the spindle and the rotational speed, as in the followingexample:

Viscosity (R/3/20)=4,25Pa-s

[1 Pa s=103 cP]

9 Testreport

The test report shall include the following particulars:

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

a reference to this document (i.e. ISO 2555);

the designation of the liquid being tested;

the test temperature;

the viscometer model, rotational speed, spindle;

the value of the apparentviscosity;

the measurement time;

the size of the beaker;

the presence or absence of the guard stirrup.
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Annex A
(informative)
Choice of test conditions for general application to resins in the

liquid state, emulsions and dispersions

Figure A1 is a diagram showing the viscosity range covered for the viscometer used at the specified
rotational speed.
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Figure A.1 — Viscosity range (logarithmic scale) for every spindle of the L, R, H(A), and H(B)
viscometers at a rotational speed of 10 r/min

Particular conditions may be recommended for certain products.

Tahle A1 summarizes the particular test conditions for a number of products ifrthe light of international
practice. Choose spindle in response to the viscosity value.
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Table A.1 — Examples of test conditions
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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
Adhesives Ra 10 or 20 23
Aqueous dispersions Ra 50 23 Read after 1 min
PVC pastes Ra 20 23 Readafter 1 min

4 The models H{A) and H(B) can beused when the viscosity of the product is greater than the viscosity limit measurable
with model R at the rotational speed recommended. For less viscous product, model L may be used.
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Annex B
(normative)
Spindle and guard stirrup

The shape and dimensions of guard stirrups are given in Figure B.1.

Dimensions in millimetres
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Figure B.1 — Shapes and dimensions of guard stirrups
The shapes and dimensions of spindles are given in Figure B.2 and Table B.1.
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