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extremes there may be bodies which contain both
these features to varying extents, and which may
therefore be either ‘brittle’ or ‘ductile’ according to
circumstances of the test.
J. B. MURGATROYD.
Research Laboratory,
Rockware Glass Syndicate,
Greenford, Middx.
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Place-Exchange Theory of Plastic Flow,
as Applied to Polymers

TrE place-exchange theory of plastic flow was
originally developed by Eecker!, to account for the
flow of metals. More recently a somewhat similar
theory has bLeen advanced by Eyring? to aceount for
flow in polymeric materials. In the latter theory
the flow process is regarded as the movement of a
molecule, or segment of a molecule, from one position
in the plastic to a neighbouring one, under the in-
fluence of thermal energy. If £ be the potential
barrier separating two positions, and f the stress,

then the activation energy for the process is written.

as K —bf, where b is a constant involving the dimen-
sions of the ‘unit of flow’. The rate of flow 6 may
then be written
0 = const. e~ (E-WYRT | | | (1)
It can be shown from (1) that for very low stresses
the system will show Newtonian behaviour, that is,
for bf << RT, 6 « f, and Eyring has treated simple
liquids along these lines?. For &f > RT the following
behaviour is predicted
n=e¢+f . . . . .
(The equations are given in their simplest form.)
We have recently completed an extensive series of
measurements on a plasticized cellulose derivative
over a stress range 2-160 kgm./em.? and temperature
range 16-100° C. The methods used were compression
of cylinders and extension of rods, care being taken
to analyse the total strain into its plastic (non-recover-
able) and elastic components. In this note we are
" concerned solely with the plastic flow.
The important result of our work is that equatmn 2
is followed only at the lower stresses, that is, up to

(2)

a certain stress value f, which is itself a function of

temperature. In this range, f < f,, we have further
checked, in a qualitative way, the main assumption
of the theory ; thus we have found that the ‘activation
energy’ for flow falls from ¢. 30 keal. at 4-6 kgm. em.™2
to ¢. 11 keal. at f > fo,. For values of the applied
stress above f, we find that the activation energy is
independent of stress. In fact, the flow may be
described by the equation originally used by Bing-
ham to describe the flow of solid-liquid dispersions
through capillary tubes.

fpfo 0=AU—f) - . . . @

This equation could not have been predicted by
the place-exchange theory as it stands. Its appliea-
tion gives hope for a simpler analysis of flow problems
in industrial processes than could be achieved by
equation 2. We should mention that similar results
were obtained by Dillon and Johnstont for the ex-
trusion of compounded rubber. Their work, however,
by itself, is not directly comparable with ours owjng
to the presence of ‘fillers’ in many of their rubbers
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(that is, they are not dealing with a simple polymer
system), and the possibility of ‘plug-flow’ at the
lower stresses. In fact, it might be argued that their
rubber-filler systems were analogous to the Bingham
solid —liduid paste systems. However, our results
would suggest that rubber without fillers may follow
equation 3 at high stresses, and there are indications,
in the paper quoted, that this may well be so.

It is of interest that we found no indication of a
true yield-value, and we may hazard the opinion
that in our system, whether or not a yield-value is -
observed is purely a question of duration of experi-
ment and sensitivity of observation. In fact, it is
possible to observe flow in our sensitive extension
apparatus at stresses much below the apparent yield-
value obtained in our compression plastometer. It is,
of course, possible that if the plasticizer content were
reduced, a true-yield value would appear. It is of
interest that to a reasonable approximation, over a
temperature interval of 46° (., the ‘mobility con-
stant’ 4 has the same temperature dependence as
the intercept f,, namely,

A = A, e-11000RT Ty

A further feature of our results was that at the
very low stresses, in extension, the material showed
strain-hardening, @ falling 2030 fold over the initial
3—4 per cent extension, reaching an apparently
steady value, very similar to the behaviour reported
by Andrade for metal wires®. At the high stresses
used in compression, we could not detect any such
behaviour, Whether this was due to instrumental
limitations we cannot at present say. It does, how-
ever, seem likely that any strain-hardened structure
which may be formed initially cannot withstand the
large shearing forces produced by the high stresses
operative in the compression measurements.

It would seem that a critical attitude is required to
the application of place-exchange theories in their
present form, not only to the flow of plastics at high
stresses, but also to the normal viscosity phenomena
in liquids. Granting the application of the theory
to plastics at relatively low stresses, it might be sur-
mised that at the higher stresses the flowing mole-
cules may pass over several energy barriers, and that
the rate of flow is then determined by the rate of
exchange of momentum, as visualized by Van der

—_— foo 11000 /RT'

" Waals’ and Andrade’s theories of liquid viscosityS.

If this is so, it would argue for the possible application
of the momentum exchange theory to the behaviour
of simple liquids. It is hoped in the future to make
experimental and theoretical investigations of this
question.

Approval for publication has been granted by the
Director-General of Scientific Research and Develop-
ment, Ministry of Supply.

D. D. Eury.
D. C. PErrER.

Colloid Science Department,

University, Cambridge.
May 12.

! Becker, Phys. Z., 26, 919 (1925).

t Tobolsky, Powell and Eyring, ‘‘Chemistry of Large Molecules™,
125 (Interscience,1943).

8 Eyring, J. Chem. Phys., 4, 283 (1936).

¢Dillon and Johnston, Physics, 4, 225 (1933).
“Physikalische Exgenschsfbeu und Feinbau von Natur-
Kunstharzen” (Akad. Verlag. Leipzig, 1934).

bAn%i%d?’ Pr;:c Roy. Soc., A, 84, 1 (1910); 90, 329 (1914); 138,

* Van der Waals, Proc. Acad. Amsterdam, 21, 743 (1918). Andrade,
Phil. Mag., 17 497 7056 (1934).

Also Houwink
und

© 1944 Nature Publishing Group



	Place-Exchange Theory of Plastic Flow,as Applied to Polymers



