6994 Macromolecules 2004, 37, 6994—7000

Miscible Polymer Blend Dynamics: Double Reptation Predictions of
Linear Viscoelasticity in Model Blends of Polyisoprene and Poly(vinyl

ethylene)
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ABSTRACT: Predictions of the linear viscoelastic complex shear modulus in model miscible blends of
polyisoprene (P1) and poly(vinyl ethylene) (PVE) are compared with literature data. Using ideas of chain
connectivity, the effective monomer relaxation times of Pl and PVE in the blend were calculated using
P1 self-composition ¢p1s = 0.40 and PVE self-composition ¢pve s = 0.80, determined in our earlier analysis
of segmental dynamics in PI/PVE blends. The reptation times of Pl and PVE were then determined from
their effective monomer relaxation times in the blend, assuming a common tube for both components
(thus specifying the blend plateau modulus). The component reptation times and effective terminal
dispersion widths from fits to the pure component polymers were input along with the blend plateau
modulus to the des Cloizeaux “double reptation” model of polymer dynamics to make predictions of blend
linear viscoelasticity with no adjustable parameters. The calculated frequency dependence of the complex
modulus of PI/PVE blends was found to be in near quantitative agreement with experimental data,
including the experimentally observed thermorheological complexity.

1. Introduction

Miscible polymer blend dynamics are complicated, as
exemplified by the failure of the time—temperature
superposition (tTS) principle.1~° While various theoreti-
cal models'®~13 have attempted to explain the underpin-
nings of these anomalies and to predict component
segmental dynamics, to our knowledge there are no
reported predictions of the linear viscoelastic complex
modulus in miscible blends. The zero shear rate viscos-
ity has been predicted but with rather limited suc-
cess.*15 From the industrial perspective, this problem
is important, as the ability to predict linear viscoelastic
functions such as the zero shear viscosity will aid blend
processing. To quantitatively predict the rheology of
two-phase blends, it is imperative to first understand
how the viscoelasticity of each phase depends on com-
position and temperature.

Our understanding of linear viscoelasticity (LVE) in
entangled linear homopolymers is based on the tube
model,1617 which has two parameters: the tube diam-
eter and the monomer friction coefficient. The reptation
model makes poor LVE predictions for polydisperse
systems!®19 pecause it ignores effects of surrounding
chains on chain dynamics (constraint release). Early
models of tube dilation, developed by Marrucci?® and
Viovy,2122 inspired the so-called “double reptation”
theory, proposed independently by Tsenoglou?32* and
des Cloizeaux.?5~27 Herein we use the des Cloizeaux
version of double reptation, which has been shown to
describe quantitatively LVE of melts containing two
molecular weights of the same homopolymer.2” The des
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Cloizeaux double reptation model has also been suc-
cessfully used to calculate LVE of entangled polydis-
perse polymer melts from the molecular weight distri-
bution and the inverse problem.28=31 While other models
of constraint release do provide superior predictions,932
double reptation has the advantage of being vastly
easier to implement.

Mixing rules for the tube diameter only have subtle
effects on predicted dynamics in miscible polymer
blends®® since the tube diameters of molten homopoly-
mers that constitute common miscible blends are never
more than a factor of 2 or so different from each other.33
Indeed, a single tube may be assumed in miscible blends
such as polyisoprene/poly(vinyl ethylene) (PI/PVE)
blends.> Blending profoundly affects the friction coef-
ficients of the components of a miscible blend.134=37 This
makes predictions of miscible blend dynamics more
challenging than for polydisperse homopolymers. The
monomer relaxation time 7p; for component i in a
miscible blend is intimately related to its monomer
friction coefficient o ;.383°

Lo bl
T0i= T )

The Kuhn monomer length of component i is bj, Boltz-
mann’s constant is kg, and T is absolute temperature.
All polymers have a distribution of segmental relaxation
times that broadens considerably on blending.® While
it is not obvious a priori how to select the effective
monomer relaxation times needed for tube model pre-
dictions of terminal dynamics from the distributions of
segmental times, we propose one possible approach
here.

Zetsche and Fischer!! proposed the first quantitative
statistical mechanical theory for miscible blend seg-
mental dynamics. Their model was modified by Kumar
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et al.,1240-42 while drawing upon the ideas of Lodge and
McLeish® on the influence of chain connectivity on
segmental dynamics. Unfortunately, the segmental
dynamics of miscible blends are not understood suf-
ficiently to make quantitative predictions with no
adjustable parameters. The Fischer/Kumar models cor-
rectly incorporate the role of concentration fluctuations
but also rely on the concept of cooperative motion, which
uses the increased cooperativity at lower temperatures
to explain the divergence of relaxation times at the
Vogel temperature (T.). However, at high temperatures
(more than 50 K above the blend Tg), which is typically
where linear viscoelasticity measurements are made,
Kant et al.*? showed that ignoring concentration fluc-
tuations only caused errors of less than 10% in the
computed values of the mean segmental relaxation
times in the mixture. Furthermore, the cooperative
volume is small far above the blend T4. Under these
conditions, and only under these conditions, the con-
centration fluctuation models converge to the ideas of
Lodge and McLeish,’® in that the mean segmental
relaxation times can be practically reproduced by simply
incorporating the effects of chain connectivity alone. 154344

However, it has recently been shown that the ad-
ditional assumption of Lodge and McLeish, that the
cooperative length scale of relevance is sensibly equal
to the Kuhn length of the chains, will not allow
quantitative predictions of the temperature dependence
of segmental dynamics in miscible blends,*? particularly
for the high-T4 blend component. Kant et al.#> have
applied the Lodge—McLeish model in reverse to calcu-
late the effective environment surrounding each blend
component from measured segmental relaxation times.
The low-Ty blend component has a local environment
that is consistent with T. being determined on a local
scale (of order the Kuhn length) at all temperatures and
blend compositions. However, the high-Ty component
requires a temperature dependence of the local environ-
ment and hence the scale over which T., is determined.
This apparent asymmetry is not yet understood, but we
use the Lodge—McLeish formalism with empirically
determined self-compositions, owing to its simplicity, to
calculate monomer relaxation times. While this descrip-
tion is adequate for our purposes here, where we only
consider properties far above the blend glass transition
temperature, this approach would have to be modified
to incorporate the effects of concentration fluctuations
if viscoelastic properties were considered at tempera-
tures closer to Tyg.

While we therefore consider the issue of segmental
dynamics in miscible blends as an unsolved problem in
polymer physics, here we show how to extend any
description of segmental dynamics to make predictions
of miscible blend LVE. The “description” could either
be segmental relaxation time data or an empirical
function describing segmental relaxation time data. We
relate the effective monomer relaxation time to the peak
of the distribution of segmental relaxation times. The
effective monomer relaxation times, which control ter-
minal relaxation of each component, were used to
determine the reptation time.l” These component rep-
tation times were input to the des Cloizeaux double
reptation model to determine the blend stress relaxation
modulus G(t) and thence the complex modulus G*(w).
Blend G*(w) predictions have been tested against the
experimental data of Zawada et al.54%46 on PI/PVE
blends comprising anionically polymerized components
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(each having polydispersity index My/M, < 1.1), al-
though the PI was a mixture of 94% polyisoprene and
6% perdeuterated polyisoprene of similar degrees of
polymerization. This approach predicts miscible blend
LVE with no adjustable parameters, as all parameters
are extracted from fits to pure component literature
data.

2. LVE Calculation Algorithm

2.1. Calculation of Component Reptation Times.
Since it is critical to determine the effective Kuhn
monomer relaxation time for each blend component, we
first calculated the effective local composition ¢es i for
each component (i denotes Pl or PVE), following the
ideas of Lodge and McLeish.13

¢eff,i = ¢s,i + (1 - ¢s,i)¢i (2)

For component i, ¢; is the macroscopic volume fraction
and ¢s,; is the self-composition from chain connectivity
at the scale of the Kuhn length. The values of the self-
composition ¢s used here were 0.40 and 0.80 for Pl and
PVE, respectively, as determined by Kant et al.,*? who
found that while ¢s is temperature invariant for the low-
T4 component, it increases with temperature for the
high-Ty component. This temperature dependence of
¢s,pve IS @ serious shortcoming of the mean-field model
of Lodge and McLeish and effectively limits our LVE
predictions to a narrow range of temperature. The ¢spve
used here was determined by interpolating the ¢s(T),
calculated by Kant et al., to T = 39 °C (where we make
LVE predictions); see Figure 4a of ref 42. The ¢spve =
0.8 determined by Kant et al. was significantly higher
than the estimate of Lodge and McLeish, who deter-
mined ¢s pve = 0.25. The value of ¢sp; = 0.40 calculated
by Kant et al. is in good agreement with the estimate
of Lodge and McLeish, who calculated ¢sp; = 0.45.

These effective compositions were then used in the
calculation of the effective Kuhn monomer relaxation
time of each component 7o ;. We assumed that the WLF
coefficients referenced to the glass transition in the
blend are the pure component values (C{; and C3)). For
computing 7o pi, the glass transition was taken to be that
corresponding to the environment with ¢ = ¢estpi,
written as Ty(gerrp1), Which was determined using the
Fox equation.*’

1- ¢eff,P|

Tg,PVE

1 _ Peit i
To@errp)  Topi

3)

The final expression for 7o p, based on the WLF equa-
tion*8 is as follows:

Iog(fo,Pl) _ _Cg,PI[T = Ty(Pesr pi)] @)

Tgpt] T = Ty(@erpr) T Copy

Here 74 is the Kuhn monomer relaxation time of pure
Pl at T, determined from pure component rheology data
in concert with experimental segmental dynamics data
(discussed in detail with other pure component proper-
ties below). For calculating 7opve, Tq Was determined
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for an environment containing ¢es,pve and g pve is the
Kuhn monomer relaxation time of pure PVE at T,.

Iog(TO,PVE) _ _C%PVE[T - Tg(¢eff,PVE)]
T = Ty(Pesrpve) T Cg,PVE

Ty(¢err,pve) Was also determined using the Fox equation:

(®)

Tg,PVE

1 = Gestpve

1 Pett pvE
=0+ (6)
Tg PI

Tg(¢eff,PVE) B Tg,PVE

The above descriptions of glass transition temperature
and segmental relaxation time are widely used for
miscible blend dynamics.1542-44

The reptation times of Pl tyep,p1 and PVE tep pve Were
then calculated from the effective monomer relaxation
times. 1739

bPIZNPIS
Treppl = 5 T 7
p,PI [a(¢)]2 0,PI ( )
boye?Noye:
Trep,PVE — % To,PVE 8)

N; is the number of Kuhn monomers per chain of
component i. The tube diameter in the blend a(¢) was
calculated using the single tube assumption,>8 using the
pure component tube diameters ap; and apye of Pl and
PVE, respectively.

1 _6 19 .
alg) ap  apye ®)

¢ is the macroscopic volume fraction of Pl in the blend.

2.2. Calculation of Stress Relaxation Modulus
and Complex Modulus. G(t) was calculated using the
double reptation model of des Cloizeaux,?” where the
stress in a step strain experiment is determined by the
fraction of original entanglements F(t) surviving at time
t. In his model, the stress borne by an entanglement
between any two chains is relaxed completely when
either chain diffuses away. By solving a time-dependent
diffusion equation for entanglement abandonment, des
Cloizeaux derived F(t).?’

F(t) (8 = expl—p2U(0)]| (10)
= — — X J—
72 Og-p p2
M
U = Tlp F = g[rrez'/\?/:\/le] (11)

© 1 — exp(—m?>x)
9(x) = Zo T — (12)
= m

f is a constant exceeding unity that specifies the width
of the terminal dispersion. The g for each component
was determined by fitting the double reptation model
to pure component G"(w) data, and the value of  was
then fixed for each component in the blend.

In double reptation, the blend stress relaxation modu-
lus G(t) is quadratic in the volume fraction ¢.2”

G(t) = GU(D)[PFp (t) + (1 — O)Fppe®]®  (13)
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Gn(¢) is the composition-dependent blend plateau
modulus, determined by eq 9.583°

Gx(9) _

_ bP|2¢ + bPVEZ(l - ¢)
kgT

Vopi Vo,pvE

¢ -9

A Apye

(14)

The terms vop; and vopye are the Kuhn monomer
volumes of Pl and PVE, respectively, defined as the ratio
of the molar mass of a Kuhn monomer and the density.

Finally, the storage modulus G'(w) and loss modulus
G"(w) of the blend were calculated from their definitions
by spectral decomposition of G(t).48

G'(w) = o [, G(t) sin(wt) dt,
G"(w) = o [ G(t) cos(wt) dt (15)

Since analytical integration was precluded for G*(w),
numerical Fourier transformation was performed by an
efficient finite element approximation algorithm?° (de-
tails in ref 50). For confidence, the FORTRAN code for
calculating double reptation predictions of G*(w) for
blends and pure components was validated®® against the
published predictions of des Cloizeaux?” on bidisperse
1,4-polybutadiene blends and pure component data.'®

3. LVE Predictions and Discussion

3.1. Double Reptation Fits to Pure Component
Data. Molecular characteristics (including weight-aver-
age molar mass My, polydispersity M,/M,, Kuhn length
b, number of Kuhn monomers per chain N, glass
transition temperature T4, WLF coefficients C§ and C3,
and Kuhn monomer relaxation time ry at T4 of Pl and
PVE used by Zawada et al.>*6 are listed in Table 1. The
Kuhn length b used here for calculating the molecular
weight of a Kuhn monomer My, and hence N = M,,/M,
was calculated in ref 50 using chain dimension data
from ref 33. The Ty's of the pure components were
reported by Zawada.*®> The determination of 74 is
described below. The vgp; and vopve (Kuhn monomer
volumes of Pl and PVE, respectively) were determined
from the data provided by Balsara:5! at 39 °C, vop| =
202 A3 and Vo,pvE = 545 A3.

The value of 3 is determined for Pl and PVE by fitting
the double reptation model of des Cloizeaux to the pure
component data (see Figures 1 and 2, with fitting results
in Table 2). The g values for Pl and PVE in the blend
are fixed to their pure component values in the imple-
mentation of double reptation for the blend. For PVE,
the double reptation fit gave g = 9, while for 94% h-Pl/
6% d-PI the double reptation fit yielded s = 6. Double
reptation is unable to quantitatively capture the correct
width of the relaxation time distribution for the poly-
mers, missing the data at the highest frequencies where
contour length fluctuation effects3?52 become important.
For the hP1—dPI mixture, the double reptation fit yields
Gy = 3.35 x 10% dyn cm=2 (M. = 6180), in good
agreement with the literature value (G}, = 3.5 x 10°
dyn cm=2).33 For PVE, the double reptation fit to
experimental data yields G}, = 5.97 x 10° dyn cm™2
(Me = 3680), also in good agreement with the literature
value (G}, = 5.7 x 10% dyn cm~2).3% The values of the
tube diameter a (= y/M,[R,/MI) for PVE and h-P1/d-PI

reported in Table 2 were calculated using unperturbed
mean-squared end-to-end distance [Ro?/MUdata for Pl
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Table 1. Weight-Average Molar Masses (M), Polydispersities (Mw/M,), Kuhn Lengths (b), Kuhn Monomer Molar Masses
(Mo), Number of Kuhn Segments per Chain (N = M/Mg), WLF Parameters (C{ and C),*? Glass Transition Temperatures
(Ty),®> and Monomer Relaxation Times at the Glass Transition Temperature (zg, See Figure 3) of Pl and PVE Samples
Studied by Zawada et al.®

polymer Muw Muw/Mn b (A) Mo N T4 (°C) c c 74 (S)
PVE 204 000 <11 14 291 701 0.0 11.8 35.4 7.42
94% h-P1/6% d-P1 75 000 (h); 90 000 (d) <11 8.2 110; 124 682; 726 —63.0 13.2 46.0 9.28

15

© Data

—— Prediction: 1=300 s M,=3680 $=9.0 GN°=5.97x10° dyne cm2

T T T T i
104 10 102 10" 10° 10'
ayo (rad/s)

Figure 1. Double reptation fit to G"(w) data of Zawada et
al.5 for pure PVE at 39.4 °C.

0.8
Pl

o
o
1

10°°xG"(dyne/cm?)
o
S

o
N
L

O Data
—— Prediction: t=1.65 s M,=6180 P=6.0 G\°=3.35x10° dyne cm™2

10" 10° 10! 102
apo (rad/s)

Figure 2. Double reptation fit to G'(w) data of Zawada et
al.> for 94% hP1/6% d-Pl at 2.3 °C.

Table 2. Plateau Moduli (Gy), Entanglement Strand
Molar Masses (M¢), Number of Kuhn Monomers in an
Entanglement Strand (N¢), des Cloizeaux g Factors, and
Tube Diameters (a) for PI and PVE from Fits in Figures

land2
107G,
polymer (dyn cm~2) Me Ne s a(d)
PVE 5.97 3680 127 9.0 49.6
94% h-P1/6% d-PI 3.35 6180 56.2 6.0 60.6

and PVE provided by Fetters et al.33 All values of Gy,
M, and a used in this work are based on these double
reptation fits to pure component data.

3.2. Estimation of Monomer Relaxation Time at
the Glass Transition Temperature. We need 74 (the
pure component Kuhn monomer relaxation time at Tg)
for PI and PVE to implement the WLF eqgs 4 and 5.
From the experimental terminal relaxation times of
pure Pl and pure PVE, we calculated the segmental
time 7o by invoking reptation scaling with contour
length fluctuations (the Doi model3%52) with terminal
time (Ni®Ne,)(1 — /N, i/N)?70;. Since oscillatory shear
data showing the terminal relaxation are typically not
available within 20 or 30 K of Ty (due to long relaxation

times), determining ty poses a challenge. In addition,
segmental and terminal relaxation times often have
different temperature dependences (see ref 8 and refs
70—77 therein). Estimation of 74 requires an extrapola-
tion of the calculated 7o from high temperatures to Ty,
To boost our confidence in this extrapolation, we com-
bined the calculated monomer times (zo) with experi-
mentally measured segmental relaxation times (taken
as the peak of the a-relaxation in dielectric spectroscopy,
7o) on pure Pl and PVE, since the latter are available
at and near T4 and also across a broad temperature
range. Since 7y is a slow segmental time that governs
terminal relaxation, it exceeds 7,.% By observation, we
fixed the ratio 7o/t, and then used this constant to scale
down 7o so that it fell on the same curve as 7, when
plotted vs T. For Pl and PVE, the ratio 7,/7o equals 0.35
and 0.075, respectively. Thereafter, the WLF equation
was fitted to these combined data to capture the
temperature dependence of 7. These WLF coefficients
and the ratio to/7, were then used to extrapolate 7y to
Ty to get 7g. The results of this procedure, which give
7g,p1 = 9.28 s and tgpve = 7.42 s, are shown in Figure 3.
The different temperature dependences of segmental
and terminal relaxation times make these determina-
tions of effective monomer relaxation times only apply
over a limited range of temperature (far above Tg, where
terminal relaxation times are usually measured).

3.3. Predictions of Blend LVE: Results. Miscible
blends of narrow molecular weight distribution poly-
mers can exhibit two well-defined peaks in G (w) which
signify the terminal relaxation of the blend com-
ponents.1=3:59.46.53 The height and width of these peaks
offer sharp features that enable sensitive tests of double
reptation predictions against experimental data. We
therefore compare the double reptation prediction of
G"(w) with the corresponding experimental data, in-
stead of making numerical comparisons between ex-
perimental and calculated values of zero shear viscosity
10, which is simply the area under the G(t) curve:*® g
= [,G(t) dt. If the component terminal relaxation
times differ by less than a factor of 10, then these two
peaks in G"(w) may not be resolved, e.g., in the data of
Arendt et al.*

The peaks in G"(w) are quite clearly visible in the
experimental data for the PVE/hPI—dPI mixture stud-
ied by Zawada et al.,>*6 except in the blend containing
¢pve = 0.20 (see Figures 4, 5, 6, and 7 for the experi-
mental data and the double reptation predictions for
blends with ¢PVE = 020, ¢PVE = 040, ¢PVE = 060, and
¢pve = 0.80, respectively). In the ¢pve = 0.20 blend, the
relaxation peak at lower frequencies (due to PVE) is
barely visible. The height of the lower frequency peak
progressively increases with increasing ¢pve, and so we
conclude that this peak is due to the terminal relaxation
of PVE chains in the blend, implying that the high-
frequency peak in G"(w) is due to the terminal relax-
ation of the P1 chains in the blend. For all compositions,
the terminal relaxation times of the two components
(judged by the positions of the two G"(w) peaks on the
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Table 3. Composition (¢pve), Temperature (T), and Calculated Values of Composition-Dependent Plateau Modulus
G (#pve), Tube Diameter a, Effective Segmental Time 7o, and Longest Relaxation Times zrepi Of Component i in the

PVE/hPI-dPI Blends Studied by Zawada et al.5

PpVE T (°C) 105Gy, (dyn cm~2) a(A) To,pi (S) Treppi (S) To,pVE (S) Trep,pPVE (S)
0.2 39.1 4.32 58.0 1.34 x 1078 0.082 8.17 x 1077 111
0.4 39.4 4.77 55.6 2.06 x 1078 0.143 1.15 x 1076 17.4
0.6 39.4 5.25 53.4 3.51 x 1078 0.269 1.73 x 1076 29.2
0.8 39.4 5.76 51.4 6.54 x 1078 0.554 2.73 x 1076 50.7
a Pl 20%PVE/80%PI: T=39.1 °C
1.0 100 Pl
10° - & DS data (Ref. 40)
O DS data (Ref. 54) ' >
10+ 4 O NMR data (Ref. 56) . 08 S
O DS data (Ref. 55) NE g
1024 v % L L il
o 0351, S o6{ |§
107 —— WLFFit z o
104 B oadol
105 Q
0.2
10°1 & Data
1074 —— Prediction
0.0 : ‘ :
104+ 102 107 100 101 102
10° . . . . . . . . . i)  (rad/s)
20 220 0 240 20 20 270 260 20 0 810 Figure 4. PVE/hPI—dPI blend (¢pve = 0.2) at 39.1 °C.
TK) Calculation of the blend G"(w) using described algorithm is
compared to the experimental data of Zawada et al.® The inset
b PVE figure shows the same data and the same predictions, plotted
10 with both axes on logarithmic scales.
O DS data (Ref. 40)
] & DS daa (hol. 54 40%PVE/60%PI: T=39.4 °C
) o oPI: X
10 U NMR data (Ref. 56) 10
LA
102 o 00751, * Data
100 — WLFFit 08 [ L — Prediction |
Z 1041 E
- d 06 -
105 ) -%’
10 R )
° :2 04
1071 o =]
10 o 0.2 1
10° . . . . . . . . , -
270 280 290 300 310 320 330 340 350 360 370 0.0 ; - . T - ,
T(K) 10° 10° 10 10° 10 10
® (rad/s)

Figure 3. Determination of 7y from the temperature depen-
dence of segmental relaxation time for the pure components.
(@) For PIl, 7, from dielectric spectroscopy (DS) (data of
Karatasos et al.,*® Fytas et al.,> and Colmenero et al.>®) and
solid-state NMR (data of Chung et al.¢) were plotted along
with 7o. The WLF equation was fit to 0.357¢ and 7, data (solid
curve), and ry was then determined using these WLF coef-
ficients and the ratio 7./t = 0.35. (b) For PVE, 7, from DS
(data of Karatasos et al.,*° Roland et al.,>” and Fytas et al.>*)
and NMR (data of Chung et al.56) were plotted along with o.
The WLF equation was fit to 0.0757 and 7, data (solid curve),
and 7y was then determined using these WLF coefficients and
the ratio 74/70 = 0.075.

frequency axis) were predicted near quantitatively. The
procedure used for calculating Gy (¢) captures the ex-
perimental trend reasonably, as the areas under the
predicted and experimental G"(w) are close. It is en-
couraging to see that the terminal relaxation times of
the components, the local maxima in G"(w), and the
widths of these peaks can be predicted in a near
guantitative manner by double reptation. All inputs
used in LVE predictions for this system are tabulated
in Table 3.

3.4. Thermorheological Behavior. Since the ter-
minal dynamics of PI/PVE blends are undoubtedly
thermorheologically complex,®~7 it is important to verify

Figure 5. PVE/hPI-dPI blend (¢pve = 0.4) at 39.4 °C.
Calculation of the blend G"(w) using described algorithm is
compared to the experimental data of Zawada et al.®

that the predictions of double reptation also preserve
the complexity seen experimentally. We attempted tTS
on experimental data and predictions (Figure 8) for the
¢pve = 0.80 blend at two temperatures (29.2 and 39.4
°C), keeping 29.2 °C as the reference temperature. The
reptation times of Pl and PVE in this blend were 1.63
and 327 s, respectively, at 29.2 °C, and the plateau
modulus was 5.57 x 10% dyn cm™2. For the experimental
data (horizontal shift factor ar = 0.215) and the predic-
tion (ar = 0.155), tTS was performed so as to superpose
the low-frequency peak arising from the terminal re-
laxation of PVE chains. In clear agreement with data,
the predictions reveal that superposition of the low-
frequency relaxation precludes the superposition of the
higher frequency relaxation (due to Pl chains). We
surmise that the origins of the disagreement between
the experimental and calculated ar’'s may lie in our
assumption that the components retain their pure WLF
coefficients in the blend.
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60%PVE/40%PI: T=39.4 °C

+ Data
—— Prediction

10°G" (dyne/cm?)

103 102 107 100 10! 102
o (rad/s)

Figure 6. PVE/hPI-dPI blend (¢pve = 0.6) at 39.4 °C.
Calculation of the blend G"(w) using described algorithm is
compared to the experimental data of Zawada et al.®

80%PVE/20%PI T=39.4 °C

1.0

10°°G" (dynefcm?)

+ Data
—— Prediction

107 109 10! 102
 (rad/s)

Figure 7. PVE/hPI-dPI blend (¢pve = 0.8) at 39.4 °C.
Calculations of the blend G"(w) using described algorithm is
compared to the experimental data of Zawada et al.®

103 102

1.0 80% PVE/20%PI
PYE. Pl
0.8 -
J5
‘T 06
>
Z
O 04
mX
o e Dala292°C
T 02 = Dala394°C;a =0215
—— Prediction 29.2 °C
— — Prediction 39.4 °C; a, = 0.155
0.0 . ; ‘ :
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am (rad/s)

Figure 8. Attempt at tTS on blend G"'(w) experimental data
of Zawada et al.> and G"(w) predictions in a blend (¢pve = 0.80)
at 29.2 °C (the reference temperature) and 39.4 °C. Superpos-
ing the low-frequency data (the terminal relaxation of PVE)
causes failure of tTS at high frequencies (the terminal
relaxation of PI) that is similar in data and prediction.

4. Conclusions

We have applied ideas arising from well-known chain
connectivity effects in polymers to determine the effec-
tive monomer relaxation times (and hence the effective
glass transitions) of the components of a miscible
polymer blend. The reptation times of the blend com-
ponents were calculated from these effective monomer
times and then fed into the double reptation model for
chain dynamics to calculate G”(w). We have found very
satisfactory agreement between experimental data and
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predictions of double reptation without using any ad-
justable parameters. The well-known result of ther-
morheological complexity in miscible blends is also
predicted. Forthcoming papers will demonstrate the
utility of the double reptation model for head-to-head
polypropylene/poly(ethylene—propylene) and head-to-
head polypropylene/polyisobutylene blends for which we
have segmental relaxation data and terminal (oscilla-
tory shear) data.%°
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