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Abstract

It is shown that for diolic perfluoropolyethers having short chain lengths the “anomalous” (non monotonic) relationship between
isothermal melt viscosity and molecular weight, reported in recent papers, is not anomalous at all but fully explainable when one takes

into account the fact that the glass transition of the sampjés itself a function of the molecular weight.
For low molecular weight polymers the viscosities have to be compared not at théTdauhat the “normalised” temperaturé — T
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It is well known that the viscosity of molten linear poly- a function of molecular weighti:
mers is a function of molecular weight, shear conditions, o
temperature, and pressure [1]. When the shear rate is suffi-le = Tg — C/M &)
ciently low (Newtonian conditions) and the pressure and wh
temperature are constant, the molecular weight dependenceg, .,
of viscosity is simply given by the equations:

ereC is a positive constant, arifl, therefore decreases

h decreasingvl. For polydisperse linear macromolecular
samples, the average valueMfthat has to be used in the
n=KM?* (a=35forM > M,) (1a) latter equation is the number-averagg which counts the
chain ends, whereas in the above viscosity Egs. (1a) and
(1b) the molecular weight that has to be used is the weight
averageMy,.

M. is a critical molecular weight which is related to the TheTy(M) Eq. (3) is of course a rapidly changing function
molecular weightM, of the chain segment limited by two of M whenM < M, (owing to the fact that the “excess free
entanglements, by the approximate equation: volume” of the chain ends plays a major role at very low
M. = 2M @ molecular weights)_ but it .becor_nes a very weak function

¢ ¢ aboveM,, whereTy is practically independent dil.

In the simplest flow model the flow units are single Itis clear that when one compares the viscosity of various
macromolecules belowl, whereas abovéM, being the samples, whosd differ, at a “constant temperatureT
macromolecules entangled, the flow units are chain rather than at a “constant free volume” (i.e. at a constant

n=K'M¥ (@ =10forM <M, (1b)

segments. differenceT — Tg), the results may at first sight appear rather
The temperature and pressure dependence of the newtoanomalous. For example, the exponaof Eq. (1b) (but not
nian viscosity of molten polymers (i.e. of th¢ and K that of Eq. (1a)) can change with changing temperature.

parameters in Egs. (1a) and (1b)), is usually described in This has been found for some hydrogenated polymers [2—
terms of free volume. Although the latter is difficult to define 4] and for a class of perfluoropolyethers investigated
precisely, it is generally accepted that above the glass tran-recently by the present authors [5]. In this latter paper the
sition temperaturd, it increases linearly with the difference  isothermal viscosity data showed that the “isothermal”

T — T, However, the glass transition temperatiigés itself exponenta was a function ofT, whereas the values @t
were independent of when plotted at a constant value of
* Corresponding author. T — Ty (i.e. at constant free volume).
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1,000 ¢ “anomalous” minimum at all temperatures. In order to
| interpret these results Tieghi et al. [8] introduce into Eq.

(1b) a molecular weight dependence Kif of an assumed

form, writing it as:

% =K'M,T)— Ioglo(%) = AT) + % )

100

T

The rather complex final equation obtained by Tieghi et
al. [8] is the following:

logiomn = (@ + logipM + ¢/M) + (b + d/M)(U/T) (6)

Viscosity (mPa s)

which contains the four constarasb, ¢ andd.
In the present paper the Occam razor rule is applied to the
above problem by showing that no additional “entities”

coaal
10,000 X s : .
My have to be introduced in the theory in order to explain the
“anomalous” (M) dependence of the isothermal viscos-
Fig. 1. Iso-free volume viscosities at— T, = 130°C (1), 140°C (4) and ities of —OH terminated perfluoropolyethers. What one has

150°C (O) plotted as a function of the weight average molecular weigiit to do is only to take into account the well knowhdepen-

19l
100 1,000

isotherm viscosities determined at°’CX®) are also shown. dence of glass transition temperature (strong wWen Mc)

and therefore to compare the experimental viscosity data at

In some recent papers Danusso and coworkers [6,7] haveconstant value of — T,, rather than at constaift In other
investigated the interesting family of random copolymeric Words in order to compare viscosities the temperature has to
perfluoropolyethers whose chains terminate with two —OH be first “normalized”, being the normalized variable simply
IroIps " o Show that, we d the Tieghi et al. data in th

o show that, we have used the Tieghi et al. data in the

HOCH, CF, O(CF; CF, O),(CF, O)q CF, CH, OH  (4) following way. From the previous papgr [7] in which the

Strangely enough, for the above samples the con€tamt ~ Tg(M») dependence was reported, we have calculatedhe
Eq. (3) is negative rather than positive. In other teffigs  Of the samples of any giveM, and have then plotted simply
decreases with increasimg. This peculiar result has to be the viscosity data of the Tieghi paper asipgs. (T — Tg).
attributed to the presence, in those macromolecular chains,From the plot the viscosities at three valuesTof- Tq
of strong interacting polar ends, whose “concentration” in (130°C, 140C and 150C) were derived. They are shown
the polymer decreases with increasing molecular weight. In @s a function ofM,, in Fig. 1. Three parallel lines are
free volume terms, the peculiarity can be interpreted as obtained, which can be compared with the “isothermal”
evidence that the chain ends do not contribute but subtractn(M) plot atT = 10°C, which goes through a minimum.
additional free volume to the polymer. The slopes of the lines are close to 1.0 (the actual average

In one of the papers [6] it was shown that the isothermal value is about 081) and they are basically temperature inde-
viscosity (measured at 30) of fractions of number average ~ Pendent, as expected from Eq. (1b).
molecular weightM,, in the range between 350 and 18 000,
when plotted againstl, had also an “anomalous” beha-
viour. The n(M) curve was in fact going through a mini-
mum atM, values slightly over 1 000. o [1] Berry GC, Fox TG. Adv Polym Sci 1968;5:261.

In a more recent work Tieghi et al. [8] have again inves- |51 Bueche F, Kelley FN. J Polym Sci 1960:45:267.
tigated perfluoropolyethers samples whose chains terminate[3] Ninomyia K, Ferry JD, Oyanagi Y. J Phys Chem 1963;67:2297.
with two —OH groups. Viscosity measurements were [4] Allen VR, Fox TG. J Chem Phys 1964;41:337.
carried out at several different temperatures (frofiClb [5] Marchionni G, Ajroldi G, Pezzin G. Eur Polym J 1988;24:1211.

. . [6] Danusso F, Levi M, Gianotti G, Turri S. Eur Polym J 1994;30:647.
600(:)’ on fractions whosév, was ranging from 400 to [7] Danusso F, Levi M, Gianotti G, Turri S. Macromol Chem Phys

9 050. _ 1995;196:2855.
It was found that then(M,) curves show again an [8] Tieghi G, Levi M, Imperial R. Polymer 1998;39:1015.
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