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The dynamics of miscible polymer blends has been the subject
of intense research in recent years. This is due to the complexity
of the dynamic response, which, among other features, manifests

with the presence of two distinct segmental dynam#&$his

has been mainly attributed to self-concentration effects as first
proposed by Chung et &land later developed by Lodge and
McLeish# In other words, because of the relatively localized
nature of segmental dynamics and the effect of chain connectiv-
ity, the effective concentration in the volume relevant for
segmental relaxation is always different from the macroscopic
concentration. Because of the fact that the volume probed by

selective techniques can be centered on monomers of eacfb

component type, two segmental dynamics usually show up in
the relaxation pattern of the blend. Apart from the now widely
accepted role of self-concentration, the approach proposed b
Lodge and McLeish (LM) makes use of a temperature-
independent length scale of the order of the Kuhn segment to
describe the average blend components dynamics. Despite th

success of this approach in predicting the dynamics for a number
of blends; several recent papers suggest that an increasing length
scale with decreasing temperature can produce a potentiallyS c

more satisfactory fit of experimental dé&tdMoreover, a very
recent study on the dynamics of head-to-head polypropylene/
polyisobutylene (hhPP/PIB 30/70 wt %) blend seems to
demonstrate the inability of a temperature-independent length
scale to describe the segmental relaxation of hhPP in this Blend.
The aim of this work is to show how a model recently presented
by us is able to predict hhPP segmental dynamics in PIB. This
model is based on the combination of the self-concentration
concept with the AdamGibbs (AG) approach to the glass
transition. Apart from the correlation between the relaxation

the effective concentration to calculate the component relaxation

time as
_ X C(¢ef‘f)
o TO ¢ T%x(‘beff)

Here the configurational entropy, experimentally inaccessible,
has been replaced g, i.e., the entropy of the supercooled
liquid in excess to that of the corresponding crys@abhnd Sex

are calculated as a linear combination of the same properties of
the pure components through the effective concentration in the
volume relevant for dynamicsThe effective concentration, i.e.,
the concentration experienced by the relevant volume for
segmental relaxation, is related to the self-concentratiérplgy

= ¢s + (1 — ¢ps)pp, Wherepesr, ¢s, and ¢ are respectively the

)

effective, the self-, and the macroscopic concentrations. The
preexponential factor in eq 1 is assumed to be concentration
independent, being representative of the high-temperature
behavior, where, as will be discussed later, the relevant volume
for segmental dynamics approaches a size where intramolecular
potentials dominate the dynamics.

It is noteworthy that according to our approach the excess
entropy of a polymer is modified by the presence of the other,
and this implies a slowing-down or a speeding-up of the
ynamics depending on the mobility of the other component.
The change of excess entropy and its associated dynamics upon
blending has been recently investigated at a molecular level by

¥solid-state NMR11 These studies nicely evidence the change

of the dynamics upon blending analyzing the 2D exchange
attern of pure PIB and the same polymer in blends with
olyethyleneeo-butene for time scales much larger than previ-
usly achieved in NMR.

In addition, according to the AG model, the relevant length
ale for segmental dynamics increases with decreasing tem-
perature as a result of the decrease in the configurational entropy.
This length scale is related &y by

_ -1/3
fe= asex

wherer. is the radius of the relevant volume for segmental
relaxation ando is a polymer specific parameter assumed to
be temperature independent.can be evaluated through the

fitting of experimental data exploiting the correlation between

0

)

time and the configurational entropy, the model also makes use’c @nd ¢s. This can be obtained through simple geometric

of the concept of the increasing length scale for segmenta
relaxation with decreasing temperature implicit in the AG
theory?

The application of the AG model to the dynamics of polymer
blends relies on the evaluation of the configurational entropy
and of the paramete€ of the AG equatiobas a function of
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| considerations involving the packing and the Kuhn len§ths.

More details on how the AG model is applied to the components
dynamics of miscible blends can be found in ref 7.

To apply the aforementioned model, both the dynamic and
thermodynamic parameters of the pure components of the blend
have to be determined. In particular, the excess entropy of the
pure components has to be calculated. In our approach, a linear
form of the excess specific heatCp = Cpmelt — Cpoystal= g
+ bT, wherea andb are constants, was integrated to obtain the
excess entropy. PIB specific heat was taken from the ATHAS
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Table 1. Dynamic, Thermodynamic, and Structural Parameters for hhPP and PIB

dynamics parametéers thermodynamic parametérs structural parametets
polymer Ty [K] log(zo[s]) C [kJ/mol] Tk [K] a[J/(K mol)] b [J/(K2 mol)] I (A) Ip (A)
hhPP 253 —-11.3 11.0 195 49 0.043 25 3
PIB 200 -13.3 31.2 135 44.6 —0.106

aErrors aret+1 of the least significant digit unless specified.

of the proposed model to experimental data. As can be observed,

—~ ] an excellent fitting is obtained, unlike the best LM description

/ according to ref 8 and obtained with a value of the self-
J ] concentration of 0.75 (dashed line). The resulting value of the
sol T only unknown parameter of our model was= 16.5 A 3/3
e mol~Y3 K~13, This value is comparable to that of other polymers

in other miscible blendsand allows calculating the relevant

length scale for segmental dynamics of 30% hhPP in PIB. As
] shown in Figure 1b, a length scale between 1.6 and 1.85 nm is
4 N %, obtained depending on the temperature. The obtained length
6 =00 o ] scale is of the order of the hhPP Kuhn segment (2.5 nm).
However, it is worth noting that the length scale obtained

0.84 ; . X
s0% 11080 corresponding to the self-concentration value employed in ref
L N 8 using the LM model turns to be smaller than the Kuhn segment

-3
S

(a LM model

=
=

=)
=}

C p (J/molK)

log 7(s)
>

] 076 and the length scale obtained by us. Apart from the possible
o ——— {07 differences arising from the assumption of a cube instead of a
S~y o sphere as the appropriate shape of the relevant volume and the
064 inaccuracy of the Fox equation to calculate the Vogel temper-
15200 0 10 260 250 00 o 5-60 aturel*the large value of theT self-concentratlon_ requw_ed by the
LM approach can be considered as a clear indication of the
T (K) inability of a temperature-independent length scale to describe
Figure 1. (a) Relaxation time vs temperature for hhPP in blend with  hhPP segmental dynamics in PIB in a wide temperature range.

PIB with 30% hhPP (filled circles), pure hhPP (empty diamonds), and - ; ;
pure PIB (empty triangles). All data are taken from ref 8. The thick Apart from the description of dynamics data already obtained,

solid line is the prediction of our model of hhPP segmental dynamics It IS noteworthy that our model is able to predict the segmental
in blend with PIB, and the dashed line is the prediction of the LM dynamics of hhPP in PIB at different concentrations. This is
model taken from ref 8. The thin solid lines are the prediction of our due to the fact that the only fitting parameter of our modsg| (
model for hhPP dynamics in blends with 10 and 50% hhPP. The inset 535 been shown to be polymer specific and, at least in polymer

shows the specific heatemperature trace for pure hhPP obtained as L -
described in the text. (b) Temperature dependence of the diameter (left®!€NdS, roughly composition independéin. Figure 1, we report

axis) and its ratio with the Kuhn length (right axis) of the relevant as an example the predicted segmental dynamics of hhPP in
volume for segmental relaxation for hhPP in blends with 30% (thick PIB with 10 and 50 wt % hhPP and the corresponding length
line) and 10 and 50% (thin lines). The inset shows the same plot for gcale (thin solid lines).

the blend with 30% hhPP but extended to lower temperatures than the

o

2r_(A)

30%

2r JI,

10%

ones experimentally accessible. Finally, we would like to remark that the accuracy of the
LM model in describing dynamics data well aboVg>6 is
database where data for the crystal are also avaitabie obtain compatible with the idea of a temperature-dependent length scale

a andb, for hhPP we have approximated the specific heat of related to the configurational entropy. This is due to the fact
the crystal with the one of the glass and extrapolated the latterwhen the AG theory is applied far above the Kauzmann
above Ty The specific heat of hhPP was determined by us temperature, i.e., the temperature where the configurational
through the differential scanning calorimeter (DSC-Q1000) from entropy is predicted to go to zero, the temperature variation of
TA Instruments in temperature-modulated mode with an averagethe configurational entropy becomes very smooth, resulting in
heating rate of 0.1 K/min and amplitude of 0.3 K. Different a very weak temperature dependence of the relevant length scale
oscillation frequencies were investigated, and the so-obtainedfor segmental dynamics. This high-temperature range is usually
specific heats were extrapolated to zero frequency to obtain covered by neutron scattering techniciéemd nuclear magnetic
quasi-static values. The inset of Figure 1 shows the quasi-staticresonancé.This can explain why the data obtained by these
specific heat vs temperature plot for pure hhPP. Segmentaltechniques are often well described by the LM model with a
dynamics data for pure hhPP and PIB were taken from ref 8 temperature-independent length scale. On the other hand, here
and fitted through the AG equation to obtain the preexponential We give evidence for an increasing length scale for segmental
factor, the paramete, and the temperature where the relaxation dynamics, which would blow up at temperatures bely{see
time tends to diverge, identified a'B<, i.e_' the temperature inset of Figure 1b) However, this cannot be directly demon-
where S related to the segmental relaxation extrapolates to strated due to the lack of relaxation data for times longer than
zerol5 All parameters &, b, 7o, C, andTk) for hhPP and PIB  the laboratory scale.
are listed in Table 1. In this table, we also list the values of the ~ The assumption of a temperature-dependent length scale is
Kuhn and packing lengths of hhPP taken respectively from refs in line with the approach followed by Zetsche and Fiséher
8 and 13. and later developed by Kumar and co-workErslowever, it
Figure 1la shows the average relaxation time, as obtained byworth remarking that the main differences with those previous
Krygier et al. for hhPP in a blend with 30% hhPP and 70% approaches are (i) the explicit use of the AG model and (ii) the
PIB.2 The average relaxation times of pure hhPP and PIB are introduction of the essential ingredient of the self-concentra-
also shown in the figure. The thick solid line is the best fitting tion. CDV
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