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Abstract Dynamic mechanical measurements have been done during cooling process in PMMA . Results show that at

a slow cooling condition cooling rate doesn’ t affect the value of « internal friction peak temperature T, . It sug-

gests that even if T, is not very different from T, at low frequency both temperatures differ in their nature T, is

nearly not dependent on cooling rate

at least at a slow cooling process

while T, is dependent on cooling rate

strongly. At a rapid cooling condition the dynamic mechanical behavior of PMMA has also been investigated tenta-

tively.
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Introduction

Glass transition is one of the most important phenomena
for amorphous polymers however a clear picture of
the nature of the transition has not yet emerged. The
classic methods for the experimental determination of
the glass transition temperature are dilatometry and
calorimetry. One of the general facts observed is that

the glass transition temperature 7T, determined by

g
calorimetry or dilatometry depends on thermal history
and heating or cooling rate strongly. In addition to
above methods dynamic mechanical analyzer has also
been extensively employed. Under dynamic experimen-
tal conditions the storage moduli commonly decrease
by about three orders of magnitude in the vicinity of the

T, on the other hand the internal friction tand ex-

hibit maxima in the glass transition region. Frequently
the o internal friction peak temperature 7, is taken
as the T, but it is clear that they will not be identical
and that in general it will yield higher value than those

obtained by dilatometric or thermodynamic methods.

cooling process dynamic mechanical measurements

The differences of T, and T, were only explained as
differences in the time scale ' . As for whether T, and
T, are from the same physical nature received little at-
tention.

However how to compare the results obtained from dif-
ferent probes has recently become an open question for
glass transition. And it has been suggested that one
difficulty in understanding glass transition phenomena
is that the different experiments probe different aspects
and different’

of molecular motion probes’ are in-

volved in those experiments. In this paper we will
study the correlation between T, and T, .

On the experimental side it has been investigated ex-
tensively that the effects of thermal histories on dynamic
mechanical properties of amorphous polymers 1. e.
samples were cooled at different rates from well above
T, or aged a certain time at a temperature below T,
then internal friction or storage modulus versus temper-
ature was measured at constant heating rate =5
However in order to carry out a direct comparison with

the behavior of T, it is necessary to test the internal
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friction of amorphous polymers during cooling process.
It is generally accepted that higher cooling rate causes

higher T,. This reason leads us to give a systematic

experimental study of the influence of cooling rate on

the and T, of amorphous polymers. We select poly
methyl methacrylate for the study.

1 Experimental

The PMMA was prepared by radical bulk polymerization
of a monomer using 0.06% AIBN as initiator. First

the monomer was pre — polymerized at 70 °C for
40 min then poured into a glassy mould kept at 40
°C for 30 hrs 80 °C for 2 hrs and 100 °C for 2 hrs to
finish the polymerization finally the sample was dried
in vacuum stove till the weight does not vary. Its
calorimetric T, results to be 105 C. T, were taken to
be the midpoint in an upwards temperature scan at 20
C/min measured immediately after cooling at — 20 C
Is m, is 1.02x 10°.

A dynamic mechanical analyzer

from rubbery state
Dynastat  Imass
Inc.  was used to measure the dynamic mechanical
properties. The internal friction or storage modulus
was obtained during cooling process. Sample size were

about 2 x 10 x 15 mm’.
2 Results and Discussion

The internal friction versus temperature for PMMA

measured during two different cooling rates 0.017 °C/
min and 0.2 °C/min is shown in Fig. 1. The prime
reason for choose the above two slow cooling rates was
to ensure the thermal lag between sample and tempera-
ture sensor in the sample room can be negligible. The
results described in Fig.1 were found to be readily re-
producible. The variation in internal friction between
supposedly identical samples was about + 0.003. As
shown in Fig.1 at slow cooling condition cooling rate
doesn’ t affect the peak temperature of loss tangent

T

w - This is quite different from the results measured

by dilatometry or calorimetry which is well known that
the more slowly the liquid is cooled the lower the
T,'.

In order to understand above observation we try to be-
gin with a schematic plot Fig.2 shows the change in
enthalpy or volume of a glass — forming polymer dur-

ing cooling through the transition region. For conve-

nience the supercooled liquid or rubbery state above
the glass transition temperature range is referred to as
the equilibrium state to distinguish it from the non —
equilibrium glassy state. As the temperature drops the
time required to establish the equilibrium configuration
of the liquid increases and eventually the structural
change cannot keep pace with the rate of cooling. As
the structure falls out of equilibrium the liquid is said
to enter the glass transition region. As shown in Fig.2

at a normal experimental condition T, is higher than

T, . The results of Fig.1 can be understood as during

slow cooling process T, measured at 1 Hz is well
above the T, obtained at the same cooling condition 1i.
e. T, is appeared at thermodynamic equilibrium

state  therefore cooling rate doesn’ t affect T, .
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Fig.1 Internal friction versus temperature for
PMMA during two slow cooling processes
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Fig.2 Schematic plot of the change in
enthalpy or volume of a glass — forming polymer

during cooling through the glass transition

region and the relation between T, and T,
Nevertheless  results shown in Fig. 1 are obtained at
slow cooling condition at which T, is higher than T, .
If the dynamic mechanical behavior is measured during
rapid cooling process for example at condition of 3
in Fig.2 at which T, is higher than the normal T,

what phenomena should be observed For this purpose

we managed to measure the a internal friction peak and
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the storage modulus of the PMMA at a cooling rate of
100 °C/min. The temperature of sample was calibrated
at a reference process for the serious thermal lag be-
tween sample and temperature sensor. A tentative re-
sults are presented in Fig.3 where the a internal fric-
tion peak and the storage modulus of the PMMA are
very smeared out' in temperature. The results in Fig.
3 is only basically repeated because of the actual diffi-
culty to reach a well repeated experimental condition
between supposed identical samples. However at each
measurement during rapid cooling process we can
firmly observed that a peak becomes lower and broad-
er and storage modulus is no longer sharp compared

with the results at usually cooling condition.
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Fig.3 Internal friction and storage modulus
versus temperature for PMMA during
rapid cooling process
Intuitively  the differences of apparent behavior be-
tween T, and T, are due to the fact that only one
variable

namic

temperature is involved while during dy-

450052

during calorimetric or dilatometric measurement me-
the variables are temperature

Therefore

maybe two processes

chanical measurement
and a sinuous force. during dynamic me-
chanical measurement thermal
relaxation and mechanical relaxation are involved.

Above is only some preliminary results. A detailed the-
oretical analysis of these observations and their implica-
tions along with further measurements of the dynamic
mechanical behavior of other polymers are currently be-

ing carried out in our laboratory.
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