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ABSTRACT: The effect of liquid-liquid phase separation (LLPS) on the crystallization
behavior of poly(ethylene-ran-vinyl acetate) with a vinyl acetate content of 9.5 wt %
(EVA-H) in the critical composition of a 35/65 (wt/wt) EVA-H/paraffin wax blend was
investigated by small-angle light and X-ray scattering methods and rheometry. This
blend exhibited an upper critical solution temperature (UCST) of 98°C, and an LLPS
was observed between the UCST and the melting point of 88°C for the EVA-H in the
blend. As the duration time in the LLPS region increased before crystallization at 65°C,
both the spherulite size and the crystallization rate of the EVA-H increased, but the
degree of the lamellar ordering in the spherulite and the degree of crystallinity of the
EVA-H in the blend decreased. © 2000 John Wiley & Sons, Inc. J Polym Sci B: Polym Phys 38:

707-715, 2000
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INTRODUCTION

Semicrystalline/semicrystalline polymer blend sys-
tems, such as poly(ethylene oxide)/poly(hydroxybu-
tyrate),! poly(vinylidene fluoride)/poly(1,4-butylene
adipate),>* isotactic poly(propylene)/isotactic
poly(1-butene),® and poly(B-hydroxybutyrate)/
poly(vinyl acetate-co-vinyl alcohol)® blends, ex-
hibit a complicated phase behavior. Although
some researchers have investigated the effect of
liquid—liquid phase separation (LLPS),”'° which
can occur in a molten state, its effect on the crys-
tallization behavior of semicrystalline/amorphous
polymer blends has not been studied in detail
because the LLPS is not determined easily due to
its competition with the crystallization. Of course,
a semicrystalline/semicrystalline polymer blend
becomes a semicrystalline/amorphous polymer
blend when the blend is investigated at tempera-
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tures larger than the melting point of one compo-
nent in the blend.

Previously, we reported that a blend of poly-
(ethylene-ran-vinyl acetate) (EVA-H) and paraf-
fin wax showed an LLPS at temperatures higher
than the melting points of both polymers.!! Also,
this LLPS affected the crystallization behavior of
the EVA-H in the blend and the mechanical prop-
erties of the blend. Specifically, as the duration
time at the LLPS region increased, both the de-
gree of the crystallinity of the EVA-H in the blend
and the flexural modulus decreased.'’ In this
study, we investigated in detail the effect of the
LLPS on the crystallization behavior of the
EVA-H in the molten wax state by using differ-
ential scanning calorimetry (DSC), a light scat-
tering method, wide-angle and small-angle X-ray
scattering methods, and rheometry.

EXPERIMENTAL

Materials

The blend employed in this study consisted of
EVA-H and paraffin wax. The vinyl acetate con-
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Table I. Molecular Characteristics of the Materials

T, Density
Sample Code M, M, M, M, /M, M, M, (°O) (g/ce)
EVA-H (9.5% vinyl acetate) 21,000 74,800 154,800 3.56 2.07 95 0.930
Paraffin wax 540 560 580 1.04 1.03 55 0.900

M, = number-average molecular weight; M, = weight-average molecular weight; M, = z-average molecular weight.

n

tent in the EVA-H was 9.5 wt %. Table I gives the
molecular weights and polydispersities of the
EVA-H and wax as determined by high-tempera-
ture gel permeation chromatography (Waters Co.
GPC-150C) with polyethylene.!?

Calorimetric Measurements

The degree of crystallinity and the melting endo-
therm (AH,,) of the EVA-H in the blend as well as
those of the neat EVA-H were measured by DSC
(Perkin—Elmer DSC 7 series). Prior to measure-
ment, the baseline was established with two
empty pans. To prevent thermal degradation, ni-
trogen gas was circulated around the sample pan.
Each sample of about 10 mg first was heated at a
heating rate of 10°C/min from 10 to 130°C and
maintained at this temperature for 3 min to en-
sure that all blends became homogeneous. Then,
the sample was cooled to 65°C after three differ-
ent cooling histories: (1) direct quenching from
130 to 65°C, (2) an LLPS at 95°C for 20 min
followed by quenching to 65°C, and (3) an LLPS at
95°C for 1 h followed by quenching to 65°C. Here-
after, these cooling histories are referred to as
cooling protocols I, II, and III, respectively. Then,
the blend was crystallized isothermally at 65°C.
For the neat EVA-H, we employed only cooling
protocol I. We found that the crystallization of the
blend and neat EVA-H finished within 3 min at
65°C. After the specimen was kept at 65°C for 20
min, it was heated to 130°C at a rate of 5°C/min to
measure AH,,.

Phase-Separated Morphology and Phase Diagram

The LLPS morphologies were observed with an
optical microscope (OM) (Axioplan, Zeiss Co.).
Fresh nitrogen gas was circulated into the heat-
ing block attached to the optical microscope to
avoid any thermal oxidative degradation. The
specimen was prepared by direct pressing of each
blend in the molten state without use of a spacer,
and the thickness was ~15 um. The determina-
tion of the cloud-point temperature (7T',;) of each

blend has been described elsewhere.'’ The mor-
phology of a specimen after crystallization also
was investigated via a polarized mode in the mi-
croscope when the temperature was decreased
from 130°C to a preset temperature.

Small-Angle Light Scattering (SALS)

We prepared the sample for the SALS measure-
ment by pressing the sample between two cover
glasses at 130°C for 5 min; it then was cooled
rapidly to room temperature. The blend composi-
tion was 35/65 (wt/wt) EVA-H/wax, the critical
composition, and the final film thickness was ~30
um. Two experiments were performed. First, with
V, optical geometry, an LLPS kinetic experiment
at 95°C was carried out for the specimen after the
sample was jumped from 130°C. Second, with H,
optical geometry, a crystallization kinetic experi-
ment at 65°C was investigated for the specimen
after the sample experienced three cooling proto-
cols. Here, H, optical geometry means that the
optical axis of the analyzer was perpendicular to
that of the polarizer, and V, stands for the optical
axis of the analyzer parallel to that of the polar-
izer. A polarized He—Ne laser with a wavelength
of 632.8 nm was placed vertical to the film speci-
men. The scattering intensities at various ¢’s
were obtained. Here, g is the magnitude of the
scattering vector, ¢ = (47/\) sin(6/2), where A and
0 are the wavelength and the scattering angle,
respectively.

Small-Angle X-Ray Scattering (SAXS)

The SAXS measurements with synchrotron radi-
ation were conducted at the 3C2 beam line at the
Pohang Light Source, Korea.'? The primary beam
was monochromatized with double S;(111) crys-
tals at a wavelength of 0.15402 nm (the photon
energy of the X ray was 7.76 keV) and then was
focused on a detector plane by a bent cylindrical
mirror. A one-dimensional position-sensitive de-
tector (diode-array PSD; Princeton Instruments
Inc. Model ST-120) with a distance of 25 um for



each diode was used. We subtracted the scatter-
ing intensity of an empty cell with two pieces of
thin polyimide (Kapton) films from that of the
samples by taking into account the transmittance
of X rays through the samples. The contribution
of thermal diffuse scattering (TDS) arising from
the density fluctuations was further subtracted.
Here, we approximated that the intensity at a
higher g region, where the scattering intensity
was independent of q, was identical to the inten-
sity level of the TDS. The obtained scattering
intensities were not converted to the absolute
unit. The 35/65 (wt/wt) EVA-H/wax blend with a
thickness of 1 mm was cooled to 65°C from 130°C
with three cooling protocols. Then, SAXS profiles
during the isothermal crystallization at 65°C
were measured at every minute up to 20 min. The
exposure time was 30 s.

Rheological Measurement

An advanced Rheometrics expanded system with
the dynamic oscillatory mode and parallel plates
fixture (25 mm diameter and 1.2 mm gap) was
used to monitor change in storage [G'(w)] and loss
modulus [G"(w)] with phase-separation times.
The strain amplitude (vy,) and the angular fre-
quency (w) were kept at 0.03 and 1 rad/s, respec-
tively, which lay in a linear viscoelastic regime.
Finally, G'(v) and G"(w) were monitored with
crystallization time at 65°C after experiencing
three cooling protocols.

RESULTS AND DISCUSSION

Phase Behavior

Previously, we reported that the LLPS between
the EVA-H and wax occurred at temperatures
higher than the melting temperature (7)) of the
EVA-H because of the large amount (9.5 wt %) of
the polar group of vinyl acetate in the EVA-H,
even though the weight-average molecular weight
of the wax was just 560.!! Figure 1 gives the
phase diagram of the EVA-H/wax blend obtained
from the T, of the blend compositions measured
by optical microscopy as well as the T,,’s of the
EVA-H and wax in the blend. The T,,’s were ob-
tained during the second heating at a rate of
10°C/min after the specimens were quenched
from 130 to 10°C at a cooling rate of 200°C/min.
Thus, the effect of the LLPS on the crystallization
of the EVA-H and wax was largely suppressed.
From Figure 1, four different regimes existed for
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Figure 1. Phase diagram of the EVA-H/wax blend!!
(see text for an explanation of each regime). The solid
line delineating Regimes I and II is the theoretical
binodal curve. m = T_,; A =T, of EVA-H; @ = T, of
wax.

this blend:!! Regime I, where the EVA-H and wax
were in a homogeneous liquid phase (L); Regime
II, where the EVA-H rich phase and the wax-rich
phase were phase-separated in a molten state (L;
+ L,), namely the LLPS; Regime III, where the
EVA-H was crystallized but wax was still in a
molten state (C; + L,); and Regime IV, where
both the EVA-H and wax were crystallized (C;
+ Cy). The solid curve delineating Regime I from
Regime II was the predicted binodal curve. From
Figure 1, the 35/65 (wt/wt) EVA-H/wax blend be-
came the critical composition, and the tempera-
ture range corresponding to the LLPS (or Region
II) of this blend was about 10°C. Hereafter, we
considered this blend composition only.

Figure 2 gives the one-dimensional V, scatter-
ing profiles of the 35/65 (wt/wt) EVA-H/wax blend
at 95°C with phase-separation time. As the
phase-separation time increased, the maximum
peak intensity (,,) increased very slowly up to 90
min. However, the maximum peak position (g,,)
decreased a little at the shorter times, and then it
reached a steady value at the longer times. The
interdomain spacing (A;;pg) given by 27/q,, was
increased a little from 18.9 to 20.8 um even
though the phase-separation time increased from
1 min to 1 h. Therefore, the major increase in A
LLPs was done within 1 min at 95°C. This is con-
sistent with previous results'! observed by optical
micrography that clearly showed an LLPS pro-
ceeding with a self-similarity and 20-um cocon-
tinuous structures resulting from spinodal de-
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Figure 2. Plots of the scattered intensity measured
at 95°C versus the wavevector (¢g) with phase-separa-
tion time for the 35/65 (wt/wt) EVA-H/wax blend. The
time zero is taken as the time when the temperature at
the specimen first reached 95°C.

composition. Also, we showed that even if the
duration time in the LLPS region increased to 1 h,
the A1 pg of the cocontinuous structure increased
a little, whereas the concentration difference or
the phase contrast became more evident [cf. Fig.
4(b) to Fig. 4(c) in ref. 11]. However, the transition
from the cocontinuous structure to the dispersed-
domain structure did not occur even if the phase-
separation time was increased up to 10 h at 95°C.

Time evolutions of G" at w = 1 rad/s and v,
= 0.03 and temperature profiles during the exper-
iment are given in Figure 3 when the specimen
was quenched from 130 (a homogeneous regime)
to 95°C (LLPS regime). It took less than 2 min for
temperature stabilization in the rheometer after
quenching. We could not measure G’ because of a
very low value. It can be seen in Figure 3 that
except for the initial increase in G” resulting from
the decrease in the measuring temperature, G” of
the blend did not change with time even though
the phase-separation time increased significantly.
This is attributed to the fact that as long as co-
continuous morphology is maintained and the do-
main spacing does not change with time, rheologi-
cal properties do not change much with phase-
separation time.'?

Crystallization Behavior

Previously, we reported that the LLPS affected
the crystallization behavior of the EVA-H in the

blend.!! To investigate this effect in detail, we
measured the one-dimensional H,, scattering pro-
files at the azimuthal angle of 45°. Figure 4 gives
plots of the H,, scattering profiles versus the crys-
tallization time at 65°C after the specimen expe-
rienced various cooling histories. With increasing
duration in the LLPS regime, the peak position
(g,,) decreased. However, for each specimen, the
q,, did not decrease with crystallization time.
From the gq,,, the radius of the spherulite (R,) is
calculated:'*

R, =4.09/g, (1)

The R, values are given in Table II. The R, value
of a specimen experiencing an LLPS region at
95°C for 1 h was 10.7 um, which was almost twice
that (5.7 wm) for another specimen without expe-
riencing LLPS (protocol I). This behavior is con-
sistent with the results of Svoboda et al.,'® who
found that the spherulite size of poly(e-caprolac-
tone) (PCL) in an 80/20 (wt/wt) PCL/poly(styrene-
co-acrylonitrile) (SAN) blend increased with in-
creasing duration time in the LLPS region (or
spinodal decomposition time), although the PCL/
SAN blend exhibited a lower critical solution tem-
perature (LCST). However, in this study, the di-
ameter of the spherulite in a specimen after ex-
periencing the LLPS region for 1 h was almost the
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Figure 3. Time evolution of G" at ® = 1 rad/s and v,
= 0.03 for the 35/65 (wt/wt) EVA-H/wax blend with an
LLPS at 95°C after the blend was direct-quenched from
130 to 95°C. The temperature profile during the exper-
iment is shown in the top panel.
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Figure 4. One-dimensional H, scattering profiles at
an azimuthal angle of 45° for the 35/65 (wt/wt) EVA-
H/wax blend with a crystallization time at 65°C after
the specimens experienced various cooling histories: (a)
protocol I, (b) protocol II, and (c) protocol III. The time
zero is taken as the time when the temperature of the
specimen first reached 65°C.

LIQUID-LIQUID PHASE SEPARATION 711

Table II. Spherulite Radius (R,) and Order
Parameters (P,) of the Lamellae at 65°C After
Various Cooling Histories

Cooling Histories R, (pm) P,
Protocol 1 5.7 3.80
Protocol II 8.2 3.23
Protocol III 10.7 1.84

same as the interdomain spacing (A;; pg) of cocon-
tinuous structures, whereas that of another spec-
imen after experiencing the LLPS region for 20
min was smaller than the A ;;pg, as shown in
Table II.

However, the I,, increased gradually at shorter
times and then leveled off within 30 s as shown in
Figure 5. It is known that the I,, of a specimen is
proportional to the square of the volume of one
spherulite multiplied by the number of spheru-
lites. Also, the number of spherulites is propor-
tional to the inverse of the volume of one spheru-
lite. This implies that I,, is directly proportional
to the volume of one spherulite. The results given
in Figure 5 suggest that the volume of one
spherulite of a specimen quenched directly from
130 to 65°C was smaller than that of another
experiencing cooling protocols IT and III. This is
consistent with the results given in Table II and
in the OM images given in Figure 6. Furthermore,
the initial slope of the maximum intensity nor-
malized by the steady value increased with in-
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Figure 5. The plots of I,, versus the crystallization

time for the 35/65 (wt/wt) EVA-H/wax blend at 65°C

after the specimens experienced three cooling proto-
cols.
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30pm

Figure 6. OM images in the normal transmission mode (a-1 and b-1) and polarized
transmission mode (a-2 and b-2) for the 35/65 (wt/wt) EVA-H/wax blend crystallized at
65°C for 20 min after two cooling histories: (a-1,2) protocol I and (b-1,2) protocol III.

creasing duration time at the LLPS region. Be-
cause this slope is proportional to the rate of
crystallization, we conclude that the rate of the
crystallization became higher with increasing du-
ration time at the LLPS region.

Now, we consider the degree of lamellar order-
ing in the spherulite (i.e., the order parameter P,)
that can be obtained from the one-dimensional H,
scattering pattern:'®

Pr = IHv(qr = 4)/IHU(Qr = 8) (2)
where g, is the reduced scattering angle given by

q,= (27/A)R, sin 0 3)

The calculated values of P, for the specimens af-
ter various cooling histories are given in Table II.
Interestingly, a specimen quenched directly from
130 to 65°C had a greater lamellar ordering than
another specimen after cooling protocols II and
II1.

Figure 7 gives Lorentz-corrected plots [I(q)g?
versus q] of SAXS profiles for the blend crystal-
lized at 65°C for 20 min after three cooling proto-
cols. Also, those plots are given for the neat EVA-
H crystallized at 65°C for 20 min after cooling
protocol I. The interlamellar distance or long
spacing (L = 27/q*, where ¢* is the maximum
peak in the Lorentz-corrected plots®>%%71°) for the
blend was 1.8 times longer than that of the neat
EVA-H, and the intensities at the lower g for the
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Figure 7. Lorentz-corrected SAXS profiles for the
35/65 (wt/wt) EVA-H/wax blend when the specimens
were crystallized at 65°C for 20 min after three cooling
histories: protocol I (solid curve), protocol II (dashed—
dotted curve), and protocol III (dotted curve). Also,
plots are given for the neat EVA-H (thick solid curve)
crystallized at 65°C for 20 min after cooling protocol 1.

blend were higher than those for the neat EVA-H.
The SAXS intensity of the neat EVA-H showed a
typical peak resulting from the electron density
contrast between the alternating crystalline and
amorphous phases. The higher intensities at the
lower g for the blend might have been due to the
electron density between the lamellar stack do-
mains and the amorphous wax phase. Here, the
lamellar stack domains consisted of an EVA-H
crystalline phase and the mixed phases of the
amorphous part of the EVA-H and molten wax.
The results given in Figure 8 have also been seen
for a poly(ethylene terephthalate)/poly(ether im-
ide) blend® and a poly(3-hydroxy butylate)/poly-
(vinyl acetate) blend.’

In Figure 7, it can be seen that with increasing
duration time in the LLPS region, the invariant
(@) of the SAXS profiles and L decreased, al-
though the decrease in L is not distinct. Here, @ is
defined as follows:'”

Q= J I(q)g*dq = (1 = dJpp.  (4)

where ¢, is the volume fraction of the crystalline
phase in the lamellae (or the crystallinity) and p,
and p, are the densities of the crystalline and
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amorphous phases in the lamellae. From eq 4 and
Figure 7, one notes that with the increasing du-
ration time in the LLPS region, the crystallinity
of the EVA-H decreased because the crystallinity
in EVA-H phase was less than 0.5.

To investigate the crystallinity in the EVA-H
phase, the thickness of the crystalline phase of
EVA-H (L,) in the lamellae and L were calculated
from the one-dimensional correlation function
,y(z):17

Y(z) = f I(q)q” cos(qz)dq/Q (5)

The first maximum in y(z) corresponds to L, and
L. (or L-L,) was determined, as shown in Figure 8,
depending on the crystallinity of the sample.
When the crystallinity is less than 0.5 and the
length ratio of C in Figure 8 divided by L is less
than 0.5, the length C corresponds to L_; other-
wise, the length C becomes L-L_.'” To determine
the crystallinity of the neat EVA-H, we carried
out wide-angle X-ray scattering (WAXS) mea-
surement of the neat EVA-H, as shown in Figure
9. From Figure 9, the crystallinity of the EVA-H
crystallized at 65°C for 20 min was 0.39. This is
consistent with the result reported by Brogly et
al.'® that the crystallinity of an EVA with a vinyl
acetate content of 10 wt % was 0.34, as deter-
mined by the melting-point depression. Because

lin

the linear crystallinity (¢," as given by L./L) for
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Figure 8. One-dimensional correlation function y(z)
for the 35/65 (wt/wt) EVA-H/wax blend when the spec-
imens were crystallized at 65°C for 20 min after three
cooling histories: protocol I (solid curve), protocol II
(dashed—dotted curve), and protocol III (dotted curve).
Also, y(z) is given for the neat EVA-H (thick solid curve)
crystallized at 65°C for 20 min after cooling protocol I.
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Figure 9. WAXS profile of the neat EVA-H crystal-
lized at 65°C for 20 min after being quenched from 130
to 65°C. The crystallinity of the neat EVA-H is obtained
from the area ratio of I, to the sum of I, + I,.

the neat EVA-H was determined to be 0.41 from
Figure 8, the length C in Figure 8 should be equal
to L.. Similarly, the length C’, as shown in Figure
8, represents the L. of the blend. It is seen in
Figure 8 that with increasing duration time in the
LLPS region, L decreased from 35.8 to 34.3 nm,
and ¢™ decreased from 0.42 to 0.41. Further-
more, the thickness of the amorphous phase in
the lamellar (L-L,.) also slightly decreased with
increasing duration time in the LLPS region.
These results imply that with increasing duration
time at the LLPS, the amount of amorphous mol-
ten wax phase located at the amorphous phase of
the EVA-H decreased because of the increased
segregation between the two phases with the
LLPS.

Figure 10 gives DSC thermograms obtained
during the heating scan at a rate of 5°C/min from
65 to 130°C for the neat EVA-H and the blends
after three cooling protocols. The T,, of the
EVA-H in the blend was 9°C lower than that of
the neat EVA-H. The depression of the T,, was
due to the thicker crystalline EVA-H in the lamel-
lae of the blend compared to the neat EVA, as
shown in Figure 8. It is well-known that with
decreasing T,,, the degree of supercooling (T, —
T., where T, is the crystallization temperature)
decreases; therefore, the lamellar thickness in-
creases.” With increasing duration time in the
LLPS region, AH,, decreased. These results are
consistent with results given in Figure 8. From
the DSC results, one can calculate the volume
fraction of the lamellar stacking (¢,), which can
be defined as follows:

by = ¢ b (6)

where ¢, is determined by the bulk crystallinity
(AH, /AH,°, in which AH, ° is the heat of melting
for 100% of the crystalline EVA-H). From Figures
9 and 10, AH,,° was determined to be 98.3 J/g
(41.3/0.42). For the neat EVA-H, ¢, was about 1.0,
implying that the whole sample was homoge-
neously filled with lamellar stacks. However, ¢,
for the blends was 0.40 regardless of the cooling
protocols. In other words, about 40 volume per-
cents of the sample were filled with lamellar
stacks because of the phase separation.

Figure 11 gives time evolutions of G’ and G” at
o = 1 rad/s and y, = 0.03 and temperature pro-
files during the experiment for specimens after
three cooling protocols. G’ and G” increased dra-
matically when the temperature was less than
the crystallization temperature of the EVA-H in
the blend. Furthermore, G' at the steady state
was much larger than G” because of the existence
of the crystallite of the EVA-H. Because the wax
was still in an amorphous molten state at 65°C,
the rheological behavior of this blend became sim-
ilar to that of a filled polymer system with inor-
ganic (or organic) filler where the modulus of the
filled polymer is proportional to the volume frac-
tion of the filler.'® Because the EVA-H crystalline
phase could be considered the filler, G' and G”
were proportional to the total volume of the EVA-
H crystalline phase and the crystallinity of the
EVA-H phase. Interestingly, the steady values of
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Figure 10. DSC thermograms obtained during heat-
ing at a rate of 5°C/min for the 35/65 (wt/wt) EVA-H/
wax blend crystallized at 65°C for 20 min after three
cooling protocols. Also, a DSC thermogram is given that
was obtained during heating at a rate of 5°C/min for
the neat EVA-H crystallized at 65°C for 20 min after
cooling protocol I.



— f]
O 120 -3
o - 2
§ 80 - o 5 "
60 |—omy R e S
0 1000 2000 3000 4000 5000
Time (s)
10° ¢
E fmmmﬂm gmn‘mmﬂm G'
108

o

.” r G"

s
A

A
A
-

A

T

Ce

G', G" (Pa)
33

T T T T

101 n

100 | AR I HEE
0 1000 2000 3000 4000 5000
Time (s)

Figure 11. Time evolutions of G’ (open symbols) and
G’ (filled symbols) at w = 1 rad/s and vy, = 0.03 for the
35/65 (wt/wt) EVA-H/wax blend during crystallization
at 65°C after three different cooling protocols: (O, @)
protocol I, ((J, m) protocol II, and (A, A) protocol ITI. The
temperature profiles corresponding to three experi-
mental conditions are shown in the top panel.

G’ and G" at 65°C slightly decreased with increas-
ing duration time in the LLPS region. This is
attributed to the fact that with increased dura-
tion time at the LLPS, the crystallinity of the
EVA-H phase decreased even though the total
volume of the lamellar stacks was almost con-
stant.

CONCLUSIONS

In this article, we have shown that the LLPS
between EVA-H and wax can profoundly affect
the crystallization behavior of EVA-H. The criti-
cal solution temperature of the blend of the EVA-
H and wax was 98°C. As the duration time in the
LLPS region increased before the crystallization
at 65°C, the spherulite size as well as the crystal-
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lization kinetics of the EVA-H increased, but the
degree of lamellar ordering in the spherulite de-
creased. The spherulite size became almost the
same as the interdomain spacing of the cocontinu-
ous structure formed during the LLPS when the
duration time in the LLPS region was increased
up to 1 h. Finally, both the degree of the crystal-
linity of the EVA-H and the interlamellar dis-
tance in the blend as well as the moduli decreased
with increasing duration time in the LLPS region.
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