To the Editor:

In “Polymer—Polymer Mutual Diffusion
via Rheology of Coextruded Multilayers,”
(April 2007, pp. 978-985, DOI 10.1002/
aic.11136), Zhao and Macosko used the
following empirical expression

nzsa.pp = d”?z + (1 - d’)’?; (13)
to describe the apparent viscosity #,pp Of
miscible blends of high-density polyeth-
ylene (HDPE) and linear low-density
polyethylene (LLDPE), in which 5, and
Ny are the viscosities of HDPE and
LLDPE, respectively, ¢ is the volume
fraction of a constituent component
(HDPE in this situation), and super-
scripts is an empirical constant. In their
article, Zhao and Macosko used Eq. 13
that was reported in an article’ pub-
lished 25 years ago (their reference 35),
which in turn cited Eq. 13 from an ear-
lier article (ref. 18 cited by ref. 35) pub-
lished in 1978. Twenty nine years have
passed since the first appearance of the
empirical expression (Eq. 13) in a jour-
nal. Since the publication of the authors’
reference 35 in 1982, considerable pro-
gress on the rheology of miscible poly-
mer blends has been reported in the lit-
erature,”>* which has been based on
sound molecular viscoelasticity consid-
erations. Incidentally, Eq. 13 with s =
1/3.4, although strictly empirical, was
able to correlate experimental data of
zero-shear viscosity of polymer blends
composed of two entangled monodis-
perse homopolymers having an identical
chemical structure.” To my knowledge,
however, during the past two decades no
research group has ever demonstrated
that Eq. 13 was useful to describe the
apparent viscosity of polymer blends
composed of two chemically dissimilar,
entangled polymers. I maintain the view
that Eq. 13 has absolutely no rheological
significance to describe the apparent vis-

cosity of miscible polymer blends com-
posed of two entangled homopolymers
with dissimilar chemical structures.

To calculate the concentration ¢ during
the mutual diffusion in a coextruded
HDPE/LLDPE sheet consisting of 32
alternating layers of HDPE and LLDPE,
Zhao and Macosko wrote down the fol-
lowing well-known one-dimensional (1-D)
diffusion equation
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in which Djp 1is the concentration-
dependent interdiffusion (mutual diffu-
sion) coefficient defined by
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in which v is the volume of one lattice
site, kg is the Boltzmann constant, T is
the absolute temperature, A4 and Ap are
the Onsager constants of components A
and B, respectively, N5 and Ng are the
degrees of polymerization of compo-
nents A and B, respectively, and y is the
Flory—Huggins interaction parameter.
However, in numerically solving Eq. 10
with the aid of Eq. 8, Zhao and
Macosko set y = 0 by stating that
“HDPE and LLDPE are fully miscible.”

I have great difficulty understanding
the rationale behind which Zhao and
Macosko considered that the setting of x
= 0 was justified because “HDPE and
LLDPE are fully miscible.” It has long
been established from polymer solution
thermodynamics that the free energy of
mixing must be negative, and, thus, yx
must be negative for miscible polymer
pairs. Apparently, Zhao and Macosko do
not seem to have understood the basic
concept of polymer solution thermody-
namics. [ maintain the view that y < 0
must be satisfied for miscible polymer
blends regardless of how small the value
of y might be. Thus, I conclude that the

numerical solutions of Eq. 10 on the ba-
sis of y = 0 in Eq. 8 correspond to an
athermal polymer blend system, and not
for a fully miscible polymer blend sys-
tem. It should be pointed out that there
is no reason why an athermal polymer
pair (with y = 0) should interdiffuse
across a flat interface in the same way
as a miscible polymer pair (with y < 0)
would do. Therefore, I seriously ques-
tion the accuracy of Figure 6, which
was obtained by a numerical solution of
Eq. 10, on the basis of y = 0 in Eq. 8.
Before closing, I wish to point out that
16 years ago we published a article deal-
ing with polymer-polymer interdiffusion
during coextrusion,” in which we pre-
sented numerical solutions of a complete
set of system equations with y < 0.
Apparently, Zhao and Macosko were not
aware of the publication of our article 16
years ago and tried to reinvent the wheel
by using Eq. 13, that has no rheological
significance, and making the unjustified
assumption y = O for miscible polymer
blends, yielding questionable results.

Literature Cited

1. Utracki LA, Kamal MR. Melt rheology of
polymer blends. Polym Eng Sci. 1982;22:96.

2. Haley JC, Lodge TP. A Framework for pre-
dicting the viscosity of miscible polymer
blends. J Rheol. 2004;48:463.

3. Han CD, Kim JK. Molecular theory for the
viscoelasticity of compatible polymer mix-
tures. 2. Tube model with reptation and con-
straint release contributions. Macromolecules.
1989;22:4292.

4. Pathak JA, Kumar SK, Colby RH. Miscible
polymer blend dynamics: double reptation
viscoelasticity in model blends of polyios-
prene and poly(vinyl ethylene). Macromole-
cules. 2004;37:6994.

5. Struglinski MJ, Graessley WW. Effects of
polydispersity on the linear viscoelastic pro-
perties of entangled polymers. 1. Experimental
observations for binary mixtures of linear
polybutadiene. Macromolecules. 1985;18;2630.

6. Kim JK, Han CD. Polymer—polymer interdif-
fusion during coextrusion. Polym Eng Sci.
1991;31:258.

Chang Dae Han

Dept. of Polymer Engineering
The University of Akron
Akron, OH 44325

AIChE Journal, Vol. 53, 3018 (2007)

© 2007 American Institute of Chemical Engineers
DOI 10.1002/aic.11278

Published online September 17, 2007 in Wiley
InterScience (www.interscience.wiley.com).

3018 DOI 10.1002/aic

Published on behalf of the AIChE

November 2007 Vol. 53, No. 11

AIChE Journal



