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ABSTRACT: Synchrotron SAXS was used to characterize the morphology of an amorphous ionomer-
compatibilized polyester/polyamide blend. This technique was shown to provide very useful information
regarding the size of the dispersed domains, the structure of the phase-separated morphology, and the
thickness of the blend interface. Two blend series that were investigated include a binary system
(polyamide/ionomer) with varying ion contents of the polyester ionomer and a ternary blend (polyamide/
polyester/ionomer) with increased loading of an ionomer compatibilizer. The incorporation of ionic
functionality, by varying either ion content or ionomer loading, has a significant impact on the sizes of
the dispersed domains with both blend systems showing a trend toward smaller domain sizes with an
increase in the concentration of ionic functionality. In addition, the 50/50 blend series indicates that the
ionic incorporation also leads to a shift in the morphology to a more elongated, cocontinuous structure.
While the ionic functionality does affect the domain sizes and structure, the location of the functional
groups at the blend interface does not lead to an increase in the thickness or diffusivity of the interfacial
region.

Introduction
The utilization of scattering experiments to investi-

gate heterogeneous systems has been widely applied to
a variety of samples ranging from semicrystalline
polymers to ionomers and polymer blends. While small-
angle laser light scattering (SALS) has been used
mainly for the investigation of spherulite growth in
polymer crystallization and microscale phase separation
of polymer blends,1-8 small-angle neutron and X-ray
scattering (SANS and SAXS, respectively) techniques
have proven very useful in a wide variety of applications
due to their ability to probe much smaller size scales
with a shorter wavelength irradiant beam. The ability
of a sample to scatter an incident beam depends on
differences in polarizability and refractive index for
visible light scattering, electron density contrast for
X-ray scattering, and the nature of the scattering
nucleus for neutron scattering. For neutron scattering,
isotopic labeling of deuterium for hydrogen has greatly
increased the effectiveness of samples to scatter neu-
trons and proven quite useful for SANS.9

Neutron scattering techniques have been developed
over the past few decades to extend the application of
these experiments to various polymer systems including
composites and polymer blends. Early application of
SANS involved the study of chain conformations in
amorphous and semicrystalline homopolymers.10-13 How-
ever, development of scattering theory for phase-
separated systems has allowed SANS techniques to be
applied to the investigation of the morphology of het-
erogeneous polymer systems. Neutron scattering has
since been applied to many studies involving blends and
interpenetrating polymer networks (IPN’s) for the in-
vestigation of various blend parameters such as cor-
relation length of heterogeneous domains, radius of
gyration of chains in miscible blends, and Flory-
Huggins interaction parameters between blend com-
ponents.14-20

Of particular importance to the current research is
the application of SANS to the investigation of the
morphology of functionalized and/or compatibilized
polymer blends. The incorporation of functional groups
onto one of the blend components can significantly affect
the compatibility of the blend, as has been shown in
recent reports.14-16,19 For example, in blends of poly-
styrene with poly(styrene-co-4-bromostyrene), the de-
gree of bromination has been shown to affect the
miscibility of the blend; an increase in the degree of
bromination results in a decrease in the interfacial
width, as determined by neutron reflectivity.15

The effect of the incorporation of ionic functionality
onto one of the blend components on morphology has
also been investigated through SANS. The Debye-
Bueche theory was used to describe the scattering
behavior of polystyrene/sulfonated polystyrene14 (PS/
SPS) as well as polycarbonate/sulfonated poly(butylene
terephthalate) (PC/SPBT) blends.16 The PS/SPS blend
was shown to be phase separated with the correlation
length varying over a wide composition range, owing to
a large positive interaction parameter between styrene
and styrenesulfonic acid monomers. In the SPBT/PC
blends, the temperature, blend composition, and degree
of sulfonation were observed to have an effect on the
compatibility of the blend. The blend was described to
be miscible in the amorphous phase with the short-
range correlation length describing the distance between
the SPBT and PC chains, while the long-range correla-
tion length gave the dimensions of the PBT crystallites
present in the system.

Tucker and co-workers used SANS to investigate the
morphology and thermodynamics of polyamide/lithium-
sulfonated polystyrene (PA/LiSPS) blends.19 A peak in
the scattering intensity was observed and attributed to
large-scale concentration fluctuations that arise because
of the immiscibility between the unfunctionalized sty-
rene segments and the polyamide. The occurrence of
these concentration fluctuations decreased with increas-* Corresponding author. E-mail RBMoore@usm.edu.
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ing sulfonation level due to the promotion of intermo-
lecular interactions between sulfonate and amide groups.
This effect was also accompanied by a decrease in the
blend interaction parameter (ø) with increasing sulfona-
tion level and increasing ionomer loading.

The compatibilization of polymer blends through the
incorporation of block copolymers has also been inves-
tigated using SANS.17,18,20 The block copolymers locate
at the blend interface and serve to decrease the inter-
facial tension. In the SANS experiments, this is evident
in a reduction in the blend interaction parameter and
a widening of the blend interface with the incorporation
of the block copolymer compatibilizer.17,20 SANS experi-
ments have also shown that a block copolymer can
reduce the spinodal temperature for upper critical
solution temperature (UCST) blends, broadening the
composition vs temperature window in which the blend
is miscible.18,20

While small-angle neutron scattering has been used
to probe information such as the radius of gyration,
correlation lengths, and Flory-Huggins interaction
parameter, several literature reports have outlined the
advantages of using synchrotron SAXS to calculate
these important blend parameters.21-24 The advantages
of using SAXS over SANS include the elimination of
isotopic labeling, and the high intensity/resolution of
these experiments allows for fast data collection and
dynamic examination of the phase-separation process
in real time.

For example, SAXS has been used to characterize the
morphology and heterogeneities that exist in several
blend samples.25-29 The blend morphology and phase
separation kinetics of polystyrene/poly(chloro- or bro-
mostyrene) have been extensively characterized using
SAXS experiments.21,23,30 The Ornstein-Zernike rela-
tionship was used in each to determine the interaction
parameter and average radius of gyration for the blend.
Rabeony and co-workers22,24 have used synchrotron
SAXS to calculate the Flory-Huggins interaction pa-
rameter (ø) of a blend consisting of poly(cyclohexyl
acrylate) and poly(bromostyrene). The interaction pa-
rameter was found to be negative with the absolute
value decreasing with temperature, indicative of a
miscible blend exhibiting LCST behavior.

A one-parameter correlation function was used by
Taylor-Smith and Register in a Debye-Bueche analysis
of the SAXS behavior of a hydroxyl-functional polysty-
rene/poly(ethyl acrylate) (PS-OH/PEA) binary blend
compatibilized through hydrogen bonding.26 As the level
of functionalization increased, the low-q scattering of
the blend increased, indicative of a reduction in the
domain sizes. Above a certain level of functionalization,
the intensity began to drop due to an increase in the
mixing of the blend components. For the blend series,
the calculated correlation length progressively decreased
as the level of functionalization increased.

Perrin and Prud’homme utilized SAXS to investigate
the effect of the incorporation of a block copolymer as a
compatibilizer on the thickness of the blend interfacial
region.27 The data analysis was based on deviations
within the Porod region.31,32 Incorporation of at least
5% of the block copolymer was necessary to observe an
effect on the size of the dispersed domains, and the
interface of the blends with copolymer incorporated was
substantially thicker than for a mixture of just the
homopolymers. Even though the values for interface
thickness indicated a rather sharp boundary (∼1.8-3.2

nm), the interface thickness increased by 33% with 10%
incorporation of copolymer and 78% with 15% incorpo-
ration.

To date, scattering experiments have been used in a
wide variety of ways to characterize the morphology of
polymer blends and the effect of blending on the
properties of the blend components. Investigations have
included the effect of functional group concentration
(hydroxyl groups in a PS-OH/PEA blend26 or sulfonate
groups in a SPS/PS blend14) on the blend correlation
length and the effect of semicrystalline/ionomer blends
on crystallization of a blend component and the ionomer
morphology.33-35 In the area of blend compatibilization,
the research has been limited to studying the effect of
block copolymers on the blend morphology and inter-
facial properties.15,17,18,20,27 While two of reports, as
described earlier, investigate the effect of sulfonation
on binary blend morphology,16,19 the influence of sul-
fonation on the phase separation behavior of polymer
blends in the absence of crystallinity has not been fully
investigated through SAXS experiments. This report
describes the application of SAXS to a binary and
ternary amorphous blend system that is compatibilized
through the incorporation of functional groups capable
of forming strong specific intermolecular interactions.

The utilization of a polyester ionomer as a minor
component compatibilizer has been shown in previous
research to have a significant effect on the phase
morphology and mechanical properties of polyester/
polyamide blends.36 An increase in the ion content and/
or ionomer incorporation resulted in reduced phase
separated domain sizes as well as increased interphase
mixing. The ionomer also enhanced the ultimate me-
chanical properties of the blends as a result of increased
interfacial adhesion. The utilization of the polyester
ionomer as a minor component compatibilizer decreased
the dimensions of the dispersed phase and shifted the
morphology from matrix/droplet to a cocontinuous struc-
ture at higher incorporations of the ionic functionality.
The ionomer was shown to act as a compatibilizer for
the polyester/polyamide blends through the presence of
specific interactions between the ionomer sulfonate
group/counterion and the amide linkage of the polya-
mide.

The present research aims to investigate the hetero-
geneity of blends of an amorphous polyester with an
amorphous polyamide, compatibilized with a polyester
ionomer, through the use of synchrotron SAXS. The
morphological features of the blends are investigated
using the Debye-Bueche scattering theory, employing
a two-parameter correlation function, as a function of
blend composition and the incorporation of ionic groups
at three different ion contents onto the polyester back-
bone. The application of the Ornstein-Zernike relation-
ship to this blend system is not valid since these
calculations are based on the de Gennes random phase
approximation, which assumes a miscible, homogeneous
system to calculate the radius of gyration and Flory-
Huggins interaction parameter. This report demon-
strates the usefulness of synchrotron SAXS along with
data analysis using the Debye-Bueche theory in the
investigation of the morphology of ionomer-compatibi-
lized blends.

Experimental Section

Materials. The amorphous polyester (PETG 6763) as well
as the analogous sulfonated form of the amorphous polyester
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(SPETG) were supplied by Eastman Chemical Co. The PETG
is a glycol-modified amorphous polyester, and the backbone
of SPETG is similar to PETG with the exception of randomly
placed sulfoisophthalic acid units along the polymer chain,
incorporated at 1.9, 3.0, and 5.5 mol % of the total monomer
units (referred to as 1.9SPETG, etc.). The amorphous polya-
mide-6 (Durethan T40) was supplied by Bayer Corp.

Blend Preparation. Blend samples were prepared using
a twin-screw extrusion blending processes. The polyester and
polyester ionomer were dried in a vacuum oven at 65 °C for
24 h, while the polyamide was dried in a vacuum oven at 80
°C for 24 h to ensure complete drying. The pellets for each of
the polymers were then dry mixed at the desired blend ratio
and fed simultaneously into the extruder. Two sets of blends
were prepared, the first a binary T40/SPETG blend at 75/25
and 50/50 weight ratio (for each of the ion contents: 0, 1.9,
3.0, and 5.5 mol %) and the second a ternary T40/PETG/
5.5SPETG blend at 80/(20 - x)/x weight ratio with x ) 0, 2, 5,
and 10 wt %. The blends were extruded at 260 °C and 200
rpm on a Prism 16 mm corotating twin-screw extruder
equipped with a tape die and calendar take-up rollers. The
resulting films were ∼0.35 mm thick.

SAXS Characterization. The SAXS experiments were
performed on beamline X3A2 at the National Synchrotron
Light Source at Brookhaven National Laboratory. The X-ray
wavelength was 0.155 nm, and the data were acquired using
image plates. A silver behanate standard was used to calibrate
the q range and determine a sample-to-detector distance (SDD)
of 1801 mm. The range of scattering vectors [q ) (4π/λ) sin θ]
detectable at this SDD was 0.061 nm-1 < q < 2.2 nm-1. Data
were acquired using a 2 min exposure time on a sample that
consisted of four disks punched from the center of the blend
tape, sandwiched between two pieces of Kapton tape. Back-
ground scattering images were acquired under identical condi-
tions, using the sample holder with Kapton tape in the absence
of a sample. The beam intensities were measured using
separate ionization chambers before and after the sample in
order to account for the sample transmission factor.

Each of the scattering images was calibrated to a SDD of
1801 mm and azimuthally integrated around 360° using the
POLAR software program (STAR, Inc.) to yield an I(q) vs q
plot. A Lupolen standard was obtained from Oak Ridge
National Laboratory in order to convert the data from relative
to absolute intensity. The data correction accounted for sample
attenuation, background subtraction, thermal density fluctua-
tions through Porod’s law, and conversion to absolute intensity
scale.

Theoretical Basis
The Debye-Bueche theory of light scattering from a

heterogeneous, isotropic system37,38 was used as the
starting point to derive the relationships used to cal-
culate the blend morphological parameters according to
a previous derivation by Moritani and co-workers.39 The
intensity distribution of scattered light is given by

where φa and φb are the volume fractions of the T40 and
PETG, respectively, F2 is the electron density contrast
parameter, q is the scattering vector, and r is the
distance between scattering centers. The two-component
correlation function for an isotropic, heterogeneous
system, γ(r), is given by

where f is the fractional contribution factor of the short-
range fluctuation to the correlation function, a1 is an
intradomain short-range correlation distance, and a2 is
an interdomain long-range correlation distance. Sub-

stituting the correlation function into the equation for
the intensity distribution and carrying out the integra-
tion yields the following equation:

where K combines all of the constants () 4πF2φaφb).
The data were fit to eq 3 using a nonlinear regression

analysis with four adjustable parameters, a1, a2, f, and
F2. The nonlinear regression was carried out using the
DataFit v.8.0 software package and provided an excel-
lent fit to the observed scattering data over the mea-
sured q range. The specific surface (Ssp), defined as the
interfacial area between the two phases per unit volume
of the system, can be calculated from eq 4 using the
short-range correlation length (a1) calculated from the
two-parameter fit.

As discussed previously, the introduction of a com-
patibilizer, in particular a block copolymer, into an
immiscible blend has been shown to increase the thick-
ness or diffusivity of the interfacial region.27,31,32,40 After
corrections for thermal density fluctuations, systematic
deviations from Porod’s law at high q values (q f ∞)
has been attributed to either the presence of a diffuse
phase boundary (negative deviation) or thermal density
fluctuations or mixing within the phases (positive
deviation).31,32,40 Thus, mathematical analysis of the
data within this region provides a description of the
thickness of the interface between the two blend com-
ponents, for negative deviations, and the effect of a
compatibilizer on the interface thickness. The scattering
intensity after correction for thermal density fluctua-
tions is given by31

where Ip(q) obeys Porod’s law () 2π(∆F)2S/q4) and H2-
(q) is a Guassian smoothing function for a sigmoidal-
gradient model describing the interface and is given by

In this equation, σ is the standard deviation of the
smoothing function and provides a means to calculate
the thickness of the interfacial region. The standard
deviation is related to the nominal interface width by
E ) (x12)σ.40 Thus, the scattering intensity can be given
by the following equation:

From this equation, a plot of ln[I(q)q4] vs q2 can be used
to determine the standard deviation [σ ) (-m)1/2] and
used to calculate the thickness of the interfacial region
(E).

Results and Discussion
The resulting scattering curves of the binary blends

after data correction are shown in Figure 1. Each of the
scattering curves shows an upturn in the intensity (I(q))

I(q) ) F2
φaφb∫0

∞
γ(r)

sin (qr)
qr

4πr2 dr (1)

γ(r) ) f e(-r/a1) + (1 - f )e-(r/a2
2) (2)

I(q) ) K[ 2f a1
3

[1 + (qa1)
2]2

+ (1 - f )(π1/2a2
3

4 )e-(qa2/2)2] (3)

Ssp )
f [4φa(1 - φb)]

a1
(4)

I(q) ) Ip(q) H2(q) (5)

H2(q) ) exp(-σ2q2) (6)

I(q) ) (2π(∆F)2S

q4 ) exp(-σ2q2) (7)
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at small values of q, and all of the blends with ionomer
show a higher intensity upturn compared to the blend
with pure PETG, especially with the 50/50 blend ratio.
A similar result has been observed in previous reports
investigating compatibilized blends14,26 and is indicative
of a decrease in the dimensions of the dispersed phase
with the incorporation of functional groups capable of
forming intermolecular interactions. As the dimensions
of the dispersed phase decrease, the scattering due to
heterogeneity will shift to larger values of q and the
intensity (maintaining a constant SDD) would be ex-
pected to increase. The scattering due to the 50/50 T40/
PETG blend is minimal due to the relatively large size
of the phase-separated domains. This sample has been
shown through light scattering to have phase dimen-
sions around 12 µm,36 which is out of the range detect-
able using X-ray scattering at this SDD. Thus, the data
analysis and calculations for the 50/50 T40/PETG blend
are inaccessible and not reported here.

The lines in Figure 1 represent the nonlinear regres-
sion fits to the scattering data and show the excellent
agreement between the theoretical and experimental
curves. The two-parameter correlation function divides
the scattering into contributions from a short-range and
long-range fluctuation present in the system, and the
relative contribution of each is described by the frac-
tional contribution term, f. Figure 2 is a representative
graph that illustrates the relative contribution of the
two correlation lengths to the total fluctuation for the

75/25 T40/PETG blend as described by the nonlinear
regression analysis. From the figure, it can be seen that
the short-range correlation term accurately describes
the scattering at higher values of q while the long-range
term provides a better fit to the scattering at smaller
q. Combining the two terms therefore provides an
excellent description of the scattering behavior of the
blend samples over a wide range of q values and can be
used to describe the short- and long-range correlation
lengths.

The results of the nonlinear regression analysis give
the morphological parameters for the binary polyamide/
polyester ionomer blends, which are shown in Table 1.
These data illustrate the effect of ion content on the
correlation lengths and specific surface, and the electron
density contrast parameter is also given for each
sample. The relative contribution of the short-range
correlation to the total fluctuation is accounted for by
the fractional contribution factor, f. It is expected that
as the domain sizes decrease, both a1 and a2 will
decrease due to the occurrence of smaller minor phase
domains (a1) dispersed at shorter distances from each
other (a2). To accompany this, the specific surface should
increase as the dimensions of the minor phase decrease.

The fractional contribution factor for all of the blends
was ∼0.4-0.6. This indicates that roughly 50% of the
scattering intensity for the blends is attributable to the
short-range correlation and is in line with values
observed in other research utilizing the two-parameter
correlation function.39,41-43 The value of f increased as

Figure 1. SAXS profiles for the polyamide/polyester binary
blends having the compositions of (A) 75/25 and (B) 50/50: T40/
PETG (b), T40/1.9SPETG (1), T40/3.0SPETG (9), and T40/
5.5SPETG ([). Lines represent the fits to the data from the
nonlinear regression analysis.

Figure 2. Relative contribution of the short-range and long-
range correlation terms in the nonlinear regression analysis
of the scattering for the 75/25 T40/PETG blend sample: (s)
total scattering intensity, (- - -) short-range correlation, (- ‚ -
) long-range correlation.

Table 1. Morphological Parameters Determined from the
Nonlinear Regression Analysis of the Scattering Data for

the Binary Polyamide/Polyester Ionomer Blends

two-parameter correlation function

sample
a1

(nm)
a2

(nm) f
Ssp

(µm-1)
F2 × 10-20

(cm-4)

75/25 T40/...
PETG 17.9 66.8 0.395 15.96 2.19
1.9SPETG 17.6 63.1 0.517 21.25 3.41
3.0SPETG 18.6 64.8 0.524 20.38 3.14
5.5SPETG 17.6 61.8 0.622 25.56 2.58

50/50 T40/...
PETG
1.9SPETG 22.1 64.4 0.492 22.23 3.16
3.0SPETG 20.4 66.3 0.478 23.40 2.53
5.5SPETG 18.2 62.5 0.542 29.74 2.06
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the long-range correlation length decreased, indicating
a decrease in its contribution to the total fluctuation as
the interparticle spacing decreased.

The short- and long-range correlation lengths calcu-
lated from the scattering data are shown in Figure 3.
These data illustrate the effect of the ion content of the
SPETG on the minor and major phase dimensions for
the binary polyamide/polyester ionomer blends. As the
ion content of the SPETG increases, both the short-
range (Figure 3A) and long-range (Figure 3B) correla-
tion lengths decrease, with the 50/50 blend series
showing larger values compared to the 75/25 blends.

As mentioned before, the domain sizes in the 50/50
T40/PETG blends were estimated to be around 12 µm
in previous research using SALS. Thus, the trend
toward smaller domain sizes, both major and minor
phase, with increasing ion content at a constant blend
ratio indicates that the incorporation of ionic functional
groups capable of forming intermolecular interactions
has a significant impact on the morphology of the binary
blends.

The specific surface of the binary blends is shown in
Figure 4 as a function of the ion content of the SPETG
in the blends. As the short-range correlation length
decreases, the specific surface increases due to an
increase in the surface area of the minor phase. The
effect of ion content is seen in both the 75/25 and 50/50
blend series, though the 50/50 blends show a much more

significant increase in the surface area with increasing
ion content.

The relative magnitude of decrease in the values for
the long-range compared to the short-range correlation
length, combined with the increase in specific surface,
provides an indication of the morphological structure
in the binary blends. The 75/25 blend series shows a
moderate reduction in both correlation lengths (1.7% for
a1 and 7.5% for a2) with increasing ion content, indicat-
ing that the morphology is progressing toward smaller
minor phase domains dispersed a shorter distance from
each through the major phase. However, the 50/50 blend
series shows a significant difference between the mag-
nitude of reduction for the two correlation lengths. The
short-range correlation length decreases 17.6% while
the long-range correlation length decreases only 2.9%
when comparing only the data for the SPETG blends.
A decrease in the short-range correlation length indi-
cates that the size of the minor phase domains is
becoming smaller with increasing ion content. However,
the long-range correlation length remains approxi-
mately constant with increasing ion content while the
surface area of the minor phase increases dramatically.
The results from the current research suggest that the
minor phase is assuming a more elongated, continuous
structure with increasing SPETG ion content. According
to the SAXS results for the 50/50 binary blends, the
short-range correlation length decreases while the
surface area increases with very little effect on the long-
range correlation length. These trends suggest that the
minor phase is adopting a more elongated structure and
indicate the onset of dual phase continuity with increas-
ing ion content.

We have investigated the morphology of these iono-
mer-compatibilized T40/PETG blends in a previous
report using phase-contrast optical microscopy for solu-
tion blends and environmental scanning electron mi-
croscopy (ESEM) for extruded blends.36 The incorpora-
tion of ionomer compatibilizer resulted in a reduction
in the domain sizes and a tendency to form a cocon-
tinuous structure with increased loading of 5.5SPETG
in ternary, compatibilized blends (T40/PETG/SPETG).
Further research on this system, through imbedded
fiber retraction, has shown that the incorporation of 5.5
mol % ionic groups onto PETG resulted in a 5-fold
decrease in the interfacial tension between blend com-
ponents.44 To accompany this, the ionic functionality led

Figure 3. Correlation lengths of polyamide/polyester binary
blends as a function of ion content of SPETG. (A) Short-range
correlation length (a1) and (B) long-range correlation length
(a2); 75/25 (b) and 50/50 (1).

Figure 4. Specific surface of polyamide/polyester binary
blends as a function of ion content of SPETG: 75/25 (b) and
50/50 (1).
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to a 4-5 times increase in the lifetime of the fiber,
indicating an enhanced stability of the elongated struc-
tures in the system compatibilized with ionomer. All of
these results correlate extremely well with the observed
trends in the SAXS data, which show a decrease in
domain sizes along with a progression toward a cocon-
tinuous network with an increase in the ion content of
the ionomer.

Similar results have been observed in the scattering
analysis of the morphology of IPN’s.41,45-48 An and co-
workers investigated the development of the morphology
in a poly(butadiene)-poly(styrene) IPN using SANS.41

A combination of the Debye-Bueche and Guinier rela-
tionships was used to calculate the short- and long-
range correlation lengths of the IPN’s along with the
specific surface and transverse lengths. While both
correlation lengths remained nearly constant, attributed
to the growth of irregular cylinders, the specific surface
reached a maximum at around 50% PS content. The
presence of this maximum in the surface area was
attributed to the formation of a cocontinuous-type
morphology. Tan and co-workers also observed a very
similar trend for poly(poly(ethylene glycol) diacrylate)/
epoxy IPN’s.45 As the IPN composition varied from 75/
25 to 25/75, the scattering results showed a large
decrease in a1 along with only a small decrease in a2.
To accompany this, the specific surface reached a
maximum at the 50/50 composition, suggesting the
onset of dual phase continuity.

The results of the calculations from the nonlinear
regression fits for the ternary blends (T40/PETG/
5.5SPETG) are given in Table 2 and show trends that
are very similar to those observed with the 75/25 binary
blend series with varying ion content.

The ternary blends are based on an 80/20/0 blend
ratio, varying the loading of 5.5SPETG from 2 to 10 wt
%. The correlation lengths decrease accompanied by an
increase in the specific surface with an increase in the
loading of the 5.5SPETG ionomer. These results indicate
that the ternary blends behave like a binary blend with
varying ion content, as both methods of blending vary
only the concentration of ionic functional groups in the
blend. These functional groups serve as sites of specific
intermolecular interaction that compatibilize the im-
miscible parent T40/PETG blend, leading to a reduction
in the sizes of both the minor and major phases along
with an increase in the specific surface area of the
system.

The incorporation of compatibilizers, mainly block
copolymers, into immiscible blends has been shown
through SAXS investigations to increase the thickness
or diffusivity of the interfacial region between the blend
components.27,31,32 These calculations are made by
examining the deviation from linearity of the data
within the Porod region and fitting the data to the
equations described earlier. The results of these calcula-

tion are given in Table 3 and show the effect of ion
content and ionomer loading on the thickness of the
interfacial region (E).

While the incorporation of block copolymers leads to
an increase in the thickness of the blend interface, the
data for the binary and ternary ionomer compatibilized
blends do not show an appreciable effect of compatibi-
lizer on the thickness of the interface. The interfacial
thickness remains relatively constant regardless of the
ion content (binary blends) or ionomer loading (ternary
blends), and the values are similar to those observed in
other immiscible blend systems with sharp inter-
faces.15,27 This indicates that the location of ionic
functionality along the blend interface does not signifi-
cantly increase the diffusivity of the transition zone, as
is the case when a block copolymer is used as the
interfacial compatibilizer.

Conclusions

Synchrotron SAXS has been shown to be a very useful
technique to probe the nanoscale phase-separated mor-
phology of an amorphous ionomer-compatibilized blend.
The incorporation of ionic functionality into an inher-
ently immiscible blend, by either varying the ion content
in a binary blend or increasing the ionomer loading in
the ternary blend, leads to a decrease in the correlation
lengths of the blend while the surface area increases.
As evident in the 50/50 blends, an increase in the ion
content of the SPETG additionally leads to a shift in
the morphological structure. The onset of cocontinuity
is reflected in the 50/50 blend series by a large reduction
in the short-range correlation length with increasing ion
content, accompanied by an increase in the specific
surface with very little change in the long-range cor-
relation length. As the minor phase domains adopt more
elongated structures, the surface area increases with a
reduction in the short-range correlation length (i.e.,
reflecting a relatively constant dimension of the major
phase separating the minor phase domains). However,
the elongated structures maintain a consistent long-
range correlation length. Finally, while the location of
ionic functionality at the blend interface has a signifi-
cant effect on the morphology and properties of the
blend, the functional groups do not significantly affect
the diffusivity of the blend interface.
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80/18/2 18.7 67.9 0.389 12.70 4.52
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