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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.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Plastics — Determination of viscosity using a falling-ball
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Part 1:
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Scope

5 document specifies the general principles of a method, using an inclined-tube
ometer, for determining the viscosity of polymers and resins in the liquid @mulsified o
e. It is intended for application to liquids over a viscosity measurement range of 0,
000 mPa-s (temperature range -20 °C to +120 °C) for which the shear stress and she
portional, i.e. the viscosity is independent of the shear rate. This ideal behaviour is
wn as Newtonian behaviour. If a liquid differs significantly from this behaviour, differ
be obtained with the different balls of a falling-ball viscometer-or from viscometers wift
netries, such as capillary and rotational viscometers.

Normative reference

following documents are referred to in the text'in such a way that some or all of th
Ktitutes requirements of this document. For dated references, only the edition cited 3
ated references, the latest edition of the referenced document (including any amendmen

2811-1, Paints and varnishes — Determination of density — Part 1: Pycnometer method

Terms and definitions
erms and definitions are listed in this document.
and IEC maintain terminological databases for use in standardization at the following ad

IEC Electropediasavailable at http://www.electropedia.org/

[SO Online bsowsing platform: available at http://www.iso.org/obp

Prineiple

Viscosity of a liquid is determined by observing the motion of a solid sphere under the i

falling-ball
dispersed
b mPa-s to
ar rate are
commonly
ent results
h different

Pir content
pplies. For
[s) applies.

dresses:

hfluence of
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Measurand and units

Dynamic viscosity, expressed in millipascal seconds (mPa s).

© ISO 2018 - All rights reserved


http://www.electropedia.org/
http://www.iso.org/obp
https://standardsiso.com/api/?name=6b00ab7115e1faf3c4551823be0f7974

ISO 12058-1:2018(E)

6 Measurement range and temperature range

Viscosity-measurement range: 0,6 mPa-s to 250 000 mPa:s

Minimum falling time for ball:

60 s for ball No. 1

50 s for balls 2 to 4
30 s for balls 5 and 6
Temperature range: —20°Cto+120°C
7 Apparatus
7.1 Falling-ball viscometer
See Figurell1.
The apparatus consists of an inclined measurement tube (falling-ball tube) filled with the liquid unjder
test and mjade of thermally aged, calibrated, precision borosilicate-glass¢tubing with a coefficiert of
linear expgnsion of (3,3 x 10-6) K-1, plus six balls of diameter 15,81 miun to 11,0 mm (see Tabl¢ 1),
each of ballls 1 to 4 having the same coefficient of expansion as the tubg itself. To minimize errors,|the
measuremgent tube and balls shall be free of flaws.
NOTE1 The determination of viscosity using an inclined-tube falling-ball viscometer can be carried| out
using equipjment supplied by a number of manufacturers. One exa@mple of such an instrument is the Hoeplpler
viscometer ps described in DIN 53015:1978[11.
Table 1 — Balls for use in falling-ball viscometer-having a measurement tube with an inside
diameter of 15,94 mm * 0,01 mm
Density, p1 | Diameter |Out-of-round- Constant K Dynamic
(typical) ness (typical) viscosity
Ball Material measuremeht
No. range (typical)
g/cmp mm mm mPa-s-cm3/(g s) mPa-s
1 |Borgsilicate glass 2,4 15,81 + 0,01 +0,000 5 0,007 0,6 to 10
2 |Borgsilicate glass 2,4 15,60 + 0,05 +0,000 5 0,09 7 to 130
3 |Nickgl-iron 8,1 15,60 £ 0,05 +0,001 0,09 30to 700
4 |Nickgl-iron 8,1 15,2+0,1 +0,001 0,7 200 to 4 80
5 |Nickpl-iron or'steel 7,7 to 8,1 14,0 £ 0,5 +0,001 7 1500to 45 0p0
6 |Stee 7,7 to 7,8 11+1 +0,002 35 >7 500
For a given ball, the calibration constant K of the apparatus depends on the internal diameter of|the

tube. The values given in Table 1 apply to a tube 15,94 mm # 0,01 mm in diameter.

The measurement tube has two circular marks defining the measurement distance to within
100 mm *= 1 mm. The tube is surrounded by a tubular glass jacket for temperature control and fixed to
a stand in such a manner that the axis of the tube is inclined at 10° + 1° to the vertical for measurement

purposes.

NOTE 2

Apparatus with an inclination other than 10° is not suitable for use with this document.

© ISO 2018 - All rights reserved
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Dimensions in millimetres

Key

1  plug with capillary 6 ball

2 thermometer 7 stand

3 measurement tube 8 levelling screws

4  tubular jacket a Measurement distance.
5  spiritlevel

Figure 1 — Typical falling-ball viscometer
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The measurement tube and the glass jacket can be inverted by rotating them together about their
mounting point on the stand in order to return the ball to the starting position. The ends of the
measurement tube are closed with two plugs, one of which contains a capillary joined to a hollow space.
This type of closure prevents unacceptable pressure variations occurring, as well as the entry of air due
to temperature fluctuations. The liquid under test is completely surrounded by the jacket and plugs,
thus preventing evaporation or the formation of a surface skin. The stand is equipped with a spirit level
and feet with levelling screws. A removable thermometer is fitted (see 7.2).

Each viscometer shall have a test certificate, issued by the manufacturer or by a third party, stating the
individual apparatus constants. The viscometer shall be recalibrated whenever a new measurement
tube or a new ball is used or when considerable demands are placed on the viscometer (e.g. a series of
measuremgnts on aggressive liquids).

7.2 Thermometer

The specia
a scale gra
be capable
indicated i
the measus

thermometer used in the apparatus is placed in the liquid in the thermal ja¢ket. It shall K
Huated at intervals of not more than 0,1 °C. It shall be calibrated totally immersed, and shall
of measuring the temperature to * 0,03 K. The thermometer reading ‘shall be correctedl as
h the calibration certificate. The thermometer shall be protected agdinst radiant heat dufing
ement.

ave

—-

7.3 Timper

The time t red

using one (

bhken by the ball to travel the distance between the two“circular marks shall be measy
f the following.

7.3.1 Std
from time
stopwatchg

red
ted

pwatch, having a scale interval not greater than 0,1 s. The stop watch shall be compd
o time with a standard clock accurate to within 15 s in 24 h. It is advisable to use calibr:
S.

7.3.2 Ele
used shall |

ctronic timer, based on frequency ceunting or comprising synchronous clocks. The freque
be constant to within 10-4 of its noymal value.

ncy

7.3.3 Automatic timer, with the samie'accuracy as the stopwatch (7.3.1).

7.4 Thermostat

past

The tempe
+0,03 K ov
this range.

8 Samp

Fature in the jacket'shall be maintained constant, by means of a thermostat, to within at1
br the temperature range from 10 °C to 80 °C and to within 0,05 K at temperatures out
Only fluores¢ent tubes, which radiate little heat, shall be used to illuminate the apparaty

ling

side
S.

Sampling

9 Procedure

Nl 1o 3 | iklo-t1lo I 43 4+ < £, o l: A | | 4 t
IdIT DT CAITICU UUL IIT AdULLUTUJIILT VVILIT LIIT OlJC\zlllbaLlUll Ul SudIliudIiu 1UI UIIT 11t1u1u UuIivucTI Les .

Ensure that all parts of the apparatus coming into contact with the liquid under test are clean and dry.

NOTE1  Usually the tube is cleaned by rinsing it with a suitable solvent.

Pour the liquid under test into the measurement tube and introduce the ball. Then place the plug with the
capillary in the upper end of the measurement tube and screw tight. The ball shall not have any bubbles
adhering to it. Maintain the liquid under test at the specified test temperature for at least 15 min.

NOTE 2 If highly viscous liquids are measured or if the measurement temperature differs by more than about
20 °C from room temperature, equilibration can require significantly longer than 15 min.

4 © ISO 2018 - All rights reserved
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Before each series of measurements, roll the ball along the length of the tube once in order to ensure
thorough mixing of the liquid. Then measure the time the ball takes to travel between the two circular
marks (see Figure 1).

Rep

eat the measurement at least three times.

If the density of the liquid under test is not known, determine it in accordance with 1ISO 2811-1.

10

Expression of results

Cal

whg

Taki

11
To
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If tv
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appjropriate limit given in Table:2.

Rep
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n=K(p1-pz)t
bre

K

is the calibration constant of the instrument (see Table 1 and 7.1);
p1 isthe density, in grams per cubic centimetre, of the ball (see Tahle 1);
p2 isthe density, in grams per cubic centimetre, of the liquid Ghder test;

t isthetime, in seconds, for the ball to travel the distance between the two marks.

Precision
ssess the reliability of results, the following principles are used.
eatability (same operator, same apparatus, same procedure)

vo results are obtained under répeatability conditions, both results may be regarded as
in accordance with this decument if they differ from their mean value by not mor

roducibility (different operators, different apparatus, but same procedure)

Fesult is obtained.under reproducibility conditions in each of two different laboratories, b
' be regarded as,acceptable and in accordance with this document if they do not differ
in value by miéreé than the appropriate limit given in Table 2.

Table 2 — Repeatability and reproducibility limits

wla:

e as the result the average, rounded to three significant'figures, of the determinations cafrried out.

acceptable
e than the

oth results
from their

Ball No. Repeatability limit Reproducibility liimit
Q) b
1 1,0 2
2to4 0,5 1
5 0,7 1,5
6 1,5 3

NOTE The values given were established following tests performed in Germany using DIN 53015:1978[1l.
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