


Interphase Thickness and Interfacial Strength. The mechanical
properties of polymer blends are strongly influenced by the strength of
the interphase between the different phases. The interfacial strength
can be evaluated by standard T-peel tests. For blend systems of very
low toughness, the energy involved in the delamination is thought to
be dominated by fracturing the interphase. Careful examination of the
interfacial strength of immiscible PETG/SAN systems by T-peel tests
reveals the quadratic dependence of fracture energy on the
interphase thickness as described by the minor chain diffusion model
of Wool and coworkers,” as shown in Figure 5. The relationship
between fracture energy and interphase thickness d; is described by,
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Where Gyc is interfacial fracture energy in J m? Gc' is the maximum
fracture energy attained at the reptation time; Ry is the radius of
gyration in nm. The thinnest interphase of PETG/PS, 3.8 nm, is
responsible for its weakest interfacial strength, 15 J m? whereas the
thickest interphase of PETG/SAN25, 11 nm, leads to the strongest
interfacial fracture energy, 70 J m™.
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Figure 5. Interfacial strength Gc as a function of d,.

Volumetric Deviation upon Interfacial Mixing. The interphase
density (p;) and free volume hole () size can be measured directly
using interphase materials and can be compared with those of
materials with discrete layers (ps and rg), Table 1. Change in free
volume structure of the interphase materials compared to the discrete-
layer materials manifests as the change in specific volume as
measured by density (p), Table 1. Assuming that the occupied
volume remains unchanged before and after interfacial mixing, it is
possible to estimate the difference in specific volume of interphase
material and discrete-layer materials taking into account only
differences in free volume hole size r and hole density N,
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where v is the specific volume (p‘l); the subscripts 1 and 2 refer to
discrete-layer and interphase materials, respectively. The left side of
the equation represents the macroscopic volumetric change as
measured by specific volume (p™), whereas the right hand side of the
equation represents the volumetric change measured by the hole
density and average radius of free volume holes.

In order to test eq 5, the volumetric deviation between interphase
and discrete-layer materials is calculated based on experimental
results of density (p; and py) and PALS results (1 and ry) (see Table 1)
assuming a constant hole density N, of 4.0x10° cm®  The
comparison is shown in Figure 6. Interphase materials based on
PETG and PC showed positive volumetric deviations from discrete-
layer materials whereas those based on PMMA show negative
deviations. The favorable one-to-one correspondence in Figure 6
suggests that free volume change at molecular scale is responsible
for the observed specific volume deviation.

In order to probe the origin of the volumetric deviation upon
interfacial mixing, five variables are taken into consideration, i.e.
interaction parameter y, molecular weights (M,,) and entanglement
molecular weights (M) for both constituents. An analysis using
multiple linear regression suggests that the entanglement molecular
weight component plays a dominant role in observed density and free
volume changes. The significant contribution of entanglement
molecular weight is not unreasonable. Entanglements of polymer
chains are topological constraints to motions. It has been suggested
that entanglements are strongly controlled by the packing of the

polymer chains.® It is apparent that the chain packing is modified
close to an interphase and entanglements are very likely the cause of
such modification. This argument is supported by the observed
volumetric deviations in interphase materials and their relationship to
the entanglement molecular weight.
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Figure 6. Volumetric deviations from density and PALS.

Table 1. Interphase Properties of Polymer Assemblies

Material T x dy Py [\ g "

(°C) (109 (m)  @emd) @em?) A A

PETG/PS 240 471 3.8 1.1624 11691 275 2.65
PETG/SAN17 240 29 8.9 11732 11790 264 255
PETG/SAN25 240 24 11 1.1796 1.1805 2.63 2.59
PETG/SAN30 240 7.3 6.9 1.1815 1.1902 263 2.50
PMMA/PS 260 46.9 6.1 1.1233 1.1207 280 2.85
PMMA/SAN25 260 0.16 33 11362 1.1345 272 274
PMMA/SAN30 260 2.0 11390 1.1370 272 276
PC/PMMA 270 2.7 10 11928 11945 276 271
PC/PETG 260 0.40 27 11346 11402 279 270
PC/SAN25 260 4.4 7.5 12365 1.2389 2,67 2.63

CONCLUSIONS

Utilizing the concept of forced-assembly, nanolayer films with
thousands of layers as thin as a few nanometers are fabricated using
immiscible polymers of varying degrees of interaction. A new type of
material, interphase material, is created when the layer thickness is
comparable to the interphase dimension. Because of the regular
layered structure in the nanolayer assembly, the layer-thickness
dependent properties are modeled using a three-layer interphase
model. Favorable agreement is obtained between theory and
experimental results on the relationship of a) interphase thickness and
interaction parameter, and b) interfacial strength and interphase
thickness. The entanglement molecular weight appears to be
responsible for observed volumetric deviations upon interfacial
mixing. This study demonstrates an effective approach to investigate
interphase structure-property relationships of immiscible polymers
using conventional analytical tools.
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