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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, govern-
mental and non-governmental, in liaison with 1SO, also take part in the work.

Draft International Standards adopted by the technical committees are circulated to
the member bodies for approval before their acceptance as International Standards by
the ISO Council. They are approved in accordance with 1ISO procedures requiring at
least 75 % approval by the member bodies voting.

International Standard 1SO 7884-3 was prepared by Technical Committee ISO/TC 48,
Laboratory glassware and related apparatus.

Users should note that all International Standards undergo revision from time to time
and that any reference made herein to any other International Standard implies its
latest edition, unless otherwise stated.
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INTERNATIONAL STANDARD

ISO 7884-3 : 1987 (E)

Glass — Viscosity and viscometric fixed points —

Part 3 :

Determination of viscosity by fibre elongation viscometer

0 Introduction

International Standard 1SO 7884, Glass — Viscosity and
viscometric fixed points, consists of the following separate
parts: .

Part 1: Principles for determining viscosity and viscometric
fixed points.

Part 2: Determination of viscosity by rotation viscometers.

Part 3: Determination of viscosity by fibre elongation
viscometer.

Part 4: Determination of viscosity by beam bending.

Part 5: Determination of working point by sinking bar
viscometer.

Part 6: Determination of softening point.

Part 7: Determination of annealing point and strain point by
beam bending.

Part 8: Determination of (dilatometric) transformation
temperature.

1 Scope

This part of 1ISO 7884 specifies a method of determining the
dynamic viscosity of glass by measuring the elongation of a
glass fibre under a defined uniaxial stress. In addition, the
viscosity-temperature relationship and the dependence of the
viscosity on the thermal history can be determined.

NOTE — Using this method, all parts of the tested material are subject
to the same mechanical stress when the shape of the fibre is correct,
the glass is homogeneous and isotropic, and the influence of gravity on
the fibre itself can be neglected. The deformation is a pure elongation
instead of a simple shear. Without major uncertainty, the determi-
nation of the shear viscosity by an elongation experiment is possible
only when the material behaves like a Newtonian fluid.

The knowledge of equilibrium viscosities in the low-tempera-
ture range is useful for fitting suitable viscosity-temperature

dN-
* 1dPas=1—2=1p
m2

(P is the symbol for poise)
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formulae over the whole range of glass viscosities and for a
more detailed survey on thermal history influences than can be
derived from fixed-point methods alone.

2 Field of application

The method is applicable mainly in a viscosity range from 108 to
1013 dPa-s* but speciai devices might be able to extend the
range up to 10145 dPa-s. This corresponds to a range of
temperature from 800 to 400 °C for all glasses of normal bulk-
production compositions.

NOTES

1 In the viscosity range above 10'2 dPa-s the thermal equilibrium of
the liquid structure is noticeably delayed following a temperature
change. For tests within that range it should be agreed whether it is
necessary to wait for the final equilibrium viscosity at a given
temperature, or to take the viscosity value corresponding to a conven-
tional temperature-time programme. In the latter case a non-
equilibrium viscosity is denoted by Nneq- The symbol 7 without index
denotes always equilibrium viscosity.

2 The softening point, the annealing point, and the strain point are
conventional temperature points (so-called fixed points), which are ob-
tained by special test procedures in appropriate, well-defined ap-
paratus (see 1SO 7884-6 and ISO 7884-7). These points characterize
the flow behaviour of glass in the range of softening and glass transi-
tion, but only approximate viscosity values are assignable.

3 Reference
IEC Publication 584-1, Thermocouples — Part 1: Reference
tables.

4 Definitions

For the purposes of this part of ISO 7884, the following defini-
tions apply.

4.1 Sample, test specimen, fibre, ball

The test specimen is prepared from a molten test portion of
the sample. The fibre is the cylindrical part of the test
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specimen with constant cross-section S = nd?2/4 over its
length /. The diameter d of the fibre is small compared with the
length /.

Each end of the fibre is melted into a ball, which enables the
test specimen to be suspended vertically, fixed at its upper end
and connected to a loading device at its lower end.

4.2 Load, loading pieces, dead-weight

The load consists of all parts of the apparatus on which gravity
acts to produce a force on the lower end of the fibre — i.e. the
loading pieces (variable), and the device for suspending the
loading pieces below the specimen (a given value for the appar-
tus) — plus the weight of the lower ball (to be estimated after
preparing the test specimen). The load produces the force Fy
acting on the test specimen in the axial direction.

The dead-weight stems from the part of the fibre below the
cross-section under consideration (see 9.2). The force due to
gravity varies linearly from zero at the lower end to g-o-/-S at
the upper end of the fibre (g and ¢ being the acceieration of free
fall, and the glass density, respectively).

4.3 Effect of surface tension

The effect of surface tension is to decrease the surface area of
the specimen, i.e. to shorten the fibre. Therefore, it is a force
which acts upon the fibre in the opposite sense to that of the
gravitational force of the load and of the dead-weight.

5 Principle

5.1 Basic relation

Consider the force F of the load acting on a specimen
prepared from a glass with Newtonian behaviour and showing
no defects. When the effects of dead-weight and surface ten-
sion are negligible and all elastic deformations by the loading
become constant, there exists to a good approximation an ex-
tensional flow at constant volume as described by equation (1) :

2
a _ 1 K (M
dr 3n | 4

where
n is the dynamic viscosity;

V =1 x § is the volume of the fibre (the other symbols
have the meaning as introduced above).

During the time interval At of the measurement, the fibre
elongates from the initial length /; to the final length /,. Then
the viscosity is calculated using equation (2):

At 12 X 11

X . (2)
|4 I — I

=L imx
=73

where
g is the average acceleration of free fall;

m is the mass of the load that produces the force Fy.

In practice it is often more convenient to use A/, i.e. the change
in length /, — /;, which is measured using a different device
from that for /1. In this case equation (2) can be re-written as

42 700 ; 12 1+ (Al/])
= LI bt
n mA ” I, ... (3)

In equation (3) m is expressed in grams; /;, /5 and A/ in
millimetres; V" in cubic millimetres; Af in seconds; and # in
decipascal seconds (dPa-s).

NOTE — In calculating the viscosity, corrections sometimes have to be
applied (see 9.2).

5.2 Preliminary estimation of time interval
and elongation

The table shows the expected values of the time interval At for
given loads in relation to the viscosity. The values are
calculated for a fibre with a diameter d; = 0,737 mm at the
beginning of the measurement, and an elongation of 2 % dur-
ing the time interval At (Al/]; = 0,02). Between the two heavy
stepped lines in the table the sensitivity of the measuring device
for the elongation A/ should be increased by the factor 10 {the
elongation should be decreased by the factor 1/10) for shorten-
ing the time interval Az, by the factor 1/10. Below the lower line
the factor is 100 instead of 10 (1/100 instead of 1/10).

Table — Time interval At for an extension A//l; = 0,02
under a load of mass m (as corrected for dead-weight
and surface tension), for a fibre of initial
diameter d; = 0,737 mm

Vi?tc;)s- Time interval Ay, in seconds for load of mass
dPa-s 149 4q 16g 64 g 256 g
108 25,6 - - — -
109 256 64 - — -
1010 2560 640 || 160 40 ~
101 | 25600 6400 || 1600 400 100
1012 256 000 64 000 16 000 4 000 1000
1013 - - 160 000 | 40 000 10 000
1014 — - - - 100 000

For other diameters of the fibre the time interval At for an
elongation of 2 % can be estimated from equation (4)

Aty = Atgf, e (4

The value of the dimensionless conversion factor f; as a func-
tion of the diameter is found from the diagram in figure 1.

The estimated values Af; and Ar, derived from the table,
figure 1 and equation (4) give only a survey of the expected
time required for the measurement and an estimation of the
whole elongation of the fibre during a sequence of
measurements on the same fibre. For the quantitative evalua-
tion of the elongation experiment, however, the starting point
is equation (3), using the actual values (see clause 8).
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