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Foreword

The property of viscasity. The viscosily of a materiai is
that property which characterizes its flow behaviour.

A shearing force has to be exerted on a material in order
to overcome the forces of mutual attraction between the
individual molecules so that they are displaced from their
rest positions and the material then flows. The stronger
the molecular forces the smaller the flow induced for a
given force applied, i.e. the greater the viscosity of the
material.

Newton postulated that for a perfect fluid material the
rate of shear is proportional ta the applied stress {see
figure 1). This can be written:

dy
T=n dr
where

T is the shear stress

1 is the coetiicient of viscosity

¢lv
— is the rate of shear
dr

v is the velecity of one parallel plane with respect to
the other

ris the co-ordinate normal to the planes

Shear stress

Rate of shear

Figure 1, Nowtonian liquids: dependence of shear stress on rate
of shear

Thus, the coefficient of viscosity is the quotient obtained
by dividing force per unit area by velocity divided by
length; it has the dimensions:

N mfs N .
-5 4 —— , e, —3 x5 ,ie Pas
m- m m-

1 being the coelficient of viscosity in Pa s means that for a
perfect fluid the coefficient of viscosity () is independent
of the rate of shear. Materials ubeying this relationship are
generally referred to as 'Newtonian’. Many materials do
not obey this simple relationship and the following
categories are most frequently met with in practice.

(a) Thixatropic materials possess a fluid structure such
that when shearing force is applied at a given rate the
‘apparent’ viscosity falls with time until an equitibrium
level is reached. Further application of fgrce at that
rate gives no further drop in ‘apparent’ viscosity with
time. If the shearing force is removed the material
recovers in time to its original state.

Having reduced the "apparent’ viscosity to the equilib-
rium value at a certain shear rate, fwi ther reductlion of
the ‘apparent’ viscosity can he achieved if the shear rate

is increased (see fiqure 2). That is, the cocfficient of
viscosity varies with the rate of sheyr and is time
dependent. Figure 3 shaws shear stress against rate of
shear of thixatropic materiais.
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Figure 2. Thixotropic materials: time dependence of ‘apparant’
viscosity

Shear stress
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Figure “"ixotropic materials: dependence of shear stress on
rate o

() Pseudo-plastic materials have a fluid structure such
that as the rale of shear is increased the shear stress
increases in a non-linear manner but at a less rapid rate
than the rate of shear (see liqure 4), That 13, the
coefficient of viscosity varics and decreases with
increasing rate of shear but is independent of time.
Figure 5 shows ‘apparent’ viscosity against rate of shear,

Shear stress

Rate of shear

Figure 4. Pseudo-plastic materials: dependence of shear stress on
rate of shear
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Figure 5. Pseudo-plastic materials: dependence of ‘apparent’
viscosity on rate of shear

(e) Dilatant (shear thickening} materials have a fluid
structure such that as the rate of shear is increased the
shear stress increases in a non-linear manner butata
more rapid rate than the rate of shear {see figure 6).
Thus, the coefficient of viscosity varies and increases
with increasing rate of shear. Figure 7 shows 'apparent
viscosity against rate of shear.

Shear stress

Rate of shear

Figure 6. Dilatant materials: dependence of shear stress on
rate of shear
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Rate of shear

Figure 7. Dilatant materials: dependence of ‘apparent’ viscosity
on rate of shear
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Most adhesives and their components can exhibit any one
or a combination of the effects given above. it is therefore
essential when quoting results to define precisely the
manner in which the results were obtained e.g. type of
instrument used, speed of rotation and measuring bob
used {where applicable} and temperature of test.

The temperature coefficient of viscosity can be quite
large for many of these materials, so that accurate
temperature control is necessary and a sufficient period
of time has to be allowed to condition the material under
test and the instrument to be used, to the specified test
temperature,

Choice of measuring technigues. For Newtonian materials,
any of the measuring techniques described in this section
can be used. Provided that attention is paid to temperature
control and the cleanliness of the apparatus, the value
ohtained should be independent of the technique used.
For simplicity the viscosity of materials having a viscosity
up to 50 Pa s is yenerally determined by the U-tube

(see BS 188) or constant pressure horizontal capillary

flow viscometer techniques. Newtonian materials having
viscosities greater than 50 Pa s are generally determined by
the rotational cylinder or cone-and-plate techniques.

When using the rotational cylinder or cone-and-plate
technigues it is good practice and ensures greater accuracy
it the spindle or cone and the rotational speed are chosen
to give an approximately mid-scale reading for the
material under test.

For non-Newtonian materials (e.q, filled adhesive systems
etc.}, where the ‘apparent’ viscosity may he time and shear
rate dependent, it is best to use either the -otational
cylinder or the cone-and-plate technigue. Great care has
to be taken to achieve good temperature control of the

sample being tested and it is usual to measure the "apparent’

viscosity at several different shear rates by increasing the
speed of rotation of the spindle or cone and noting the
scale readings at set intervals of time after changing the
speed of rotation. 1t is necessary to select the spindle or
cone to give initial scale readings at the lowest rotational
speed at the bottom end of the scale, so that as the speed
of rotation is increased the scale will accommodate the
largest number of speed changes possible. When recording
the results of the ‘apparent’ viscosity of non-Newtonian
materials, the measuring technique should be stated, plus
the spindle or cone size, the speed (or speeds) of rotation
and the time interval {from starting the rotation) at which
reacdings were taken.
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