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The linear viscoelastic properties of molten polyethylene terephthalate glycol/polyester—ethylene
vinylacetate (PETG/EVA) immiscible blends were measured as a function of frequency for different
compositions and temperatures. The morphology of the blends was determined by scanning electron
microscopy and the rheological behaviour of the blends is described by the Palierne emulsion model. The
behaviour is typical of homogeneous molten polymers except for the appearance of a shoulder in the storage
modulus data at low frequencies. This corresponds to an increase in elasticity in the terminal zone and
longer relaxation time compared to the matrix. The model describes correctly the experimental data, and the
model predlctxons are used to determine the interfacial tensxon between PETG and EVA. The interfacial
tension is shown to vary between 4.SmNm ' and 7mNm™', depending on composition and temperature.
These values are in the range of interfacial tension values determmed for other similar polymer systems. No
comparison with literature data was possible and an attempt to use the breaking thread method to verify the

interfacial tension value for this system was not successful. Copyright © 1996 Elsevier Science Ltd.
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INTRODUCTION

Polymer blends consist of mixtures of either homopoly-
mers or copolymers, which are generally thermodyna-
mically immiscible. The development of blends of better
and specified properties is related to the control of the
interfacial chemistry. A typical binary blend generally
demonstrates a two-phase morphology with poor
physical/mechanical properties due to weak adhesion at
the interface.

Compatibilization and enhancement of the adhesion
at the interface can be achieved by various methods.
Functionalization of the blend constituents before
blending or the addition of a copolymer during blending
promotes, in most cases, the compatibilization in multi-
phase systems. Compatlblhzatlon through in situ reactlons
during melt- blending is also becoming very important!
and may result in the formation of copolymers primarily
located at the interface’. Among reactions of this
category, we note ester exchange reactions, favoured by
the presence of dibutyltin (Bu,SnO). These reactions
have been used to synthesize polyester—ethylene vinyl
acetate (EVA) copolymers and also to crosslink elasto-
meric phases in polypropylene/elastomer blends®~>. In
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fact, this organometallic compound mmates the forma-
tion of a dimeric distannoxane structure®’. This inter-
mediate has proved to be efficient in the redlstnbutlve
transesterification phenomena. Quite often, organo-
metallic compounds are used as catalysts Wthh enhance
significantly the ester exchange reaction®. Partial mis-
cibility reported in the literature for blends such as
polyethylene terephthalate (PET)/polycarbonate (PC)
and polyester/polyarylate may result from transesterifi-
cation reactions induced by catalytic residuals. Inter-
change reactions are believed to enhance the miscibility
of the blend components by the formation of a
copolymer in contrast to other types of reaction which
lead to cross-linking or degradation’™!

The blends investigated in this study consisted of an
amorphous copolyester polyethylene terephthalate
glycol (PETG) and an EVA copolymer. A previous
study has shown the effectiveness of addmg Bu,SnO, asa
catalyst, to this PETG/EVA system!®. The addition of
Bu;SnO leads either to the formation ofa PETG-g-EVA
copolymer or to the co-cross-linking of both PETG and
EVA™

The increase in adhesion is one of the criteria used to
evaluate the effects of compatibilization. Determining
the interfacial tension value before and after treatment is
also a successful method'® for evaluating the physical or
chemical modifications at the interface. The interfacial
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tension is related to the degree of interactions in a
polymer mixture. Compatibilization can be achieved
largely by reducing the interfacial tension'® between
components of multiphase systems.

The blend morphologies are strongly dependent on the
rheological properties of the components and may be
affected by the addition of a copolymer'>!": 1718 Rheolo-
gical properties are useful for understanding the proces-
sing of blends and can provide powerful information for
elucidating chemical phenomena. The rheological beha-
viour of polymer blends is, however, very complex. In the
case of immiscible blends, the rheological properties
depend on composition and properties of the compo-
nents as well as on the morphology and interactions
between phases, characterized by the interfacial tension.

The ultimate objective of this work is the compatibi-
lization of immiscible PETG/EVA blends. In this first
article, we analyse the linear viscoelastic Properties of
PETG/EVA blends and use the Palierne'” model for
determining the interfacial tension. No data in the
literature are available for the PETG/EVA system. The
determination of the interfacial tension by capillary
thread instabilities?® was also undertaken. This method,
however, did not work for the PETG/EVA system. The
influence of the interfacial tension and the effect of
composition and temperature on the dynamic moduli
of the blends are also discussed. In a second article, we
report on the effect of adding dibutyitin oxide using
n.m.r. spectroscopy and rheological methods. Reactions
between model esters and Bu,SnO were carried out in
solution in order to support the observed rheological
properties of the PETG/EVA blend in the presence of the
catalyst. The resultm% products of the model reactions
were analysed by H, C and '"*Sn n.m.r. spectroscopy,
with the scope of interpreting the rheological properties
of the immiscible PETG/EVA system in the light of
chemical mechanisms occurring during the reactive
compatibilization step.

EXPERIMENTAL

Commerciai polymers were used for preparing the
blends. The PETG, from Eastman Kodak Chemical
Company (PETG 6763), is a copolyester synthesized
from a mixture of terephthalic acid, ethylene glycol and
cyclohexane 1 4 hydroxymethyl Its molecular weight is
26000 gmol™". It is essentially amorphous and has a
glass transmon temperature around 80°C!*. The EVA,
supplied by A. T. Plastics Inc. (AT 2803M), contains 28%
vinyl acetate by weight and its number average molecular
weight is approximately equal to 30 000 gmol™!

Blend preparation

Before each blending, the copolyester was dried under
vacuum at a temperature between 80°C and 95°C for at
least 24 h. Blending of 25 g samples was carried out using
a 30ml Brabender Plasticorder chamber. The pellets
were first dry-blended and melted in the Brabender
chamber at 210°C at a rotor speed of 20 revmin . Then
the speed was increased to 40rev min~' and the com-
ponents were mixed for 200s, time necessary to reach a
constant torque value. The melt processing was carried
out under a nitrogen atmosphere. Samples for rheological
measurements were prepared by compression moulding at
210°C for 7min, using the molten blend extracted from
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the Brabender chamber. The pressure load applied to
close the heating press was progressively increased from
0.75 to 4 tons. The samples were then cooled down to
room temperature under pressure. PETG/EVA blends
with compositions of 90%/10% and 80%/20% by weight
were studied. For the 90/10 PETG/EVA blend, 1.2 wt%
Bu,SnO was added as a transesterification catalyst.
Blending conditions were exactly the same, both with
and without catalyst. The complementary compositions
(10/90 and 20/80) were not be studied because of the very
poor homogeneity of these blends when adding Bu,SnO.

Scanning electron microscopy

Blend morphologies were examined using a Jeol JSM-
820 scanning electron microscope. The samples were
fractured in liquid nitrogen and coated with 50/50 gold/
palladium to avoid charging. The morphological stabi-
lity was assessed by comparing samples after mixing and,
for the compression moulded samples, after curing. The
number and volume average diameters, d, and d,
respectively, were determined using a digitalizing device
and by analysing the surface of some 300-600 particles.
The Schwartz—Saltikov correction®' has been applied for
the determination of d,, and d,.

Rheological measurements

The linear viscoelastic properties of molten PETG/
EVA blends were measured as a function of frequency
using a Bohlin CSM rheometer with a concentric disc
geometry with a diameter of 25mm and a gap of about
1.5mm. The samples were pre-dried under vacuum
during 12h and the measurements were carried out
under a nitrogen atmosphere in a temperature range of
180-210°C. The frequency ranged from 0.01 Hz to
20Hz. Depending on frequency and temperature, the
stress was adjusted to keep the experiment within the
linear viscoelastic domain, that is: the strain response
was maintained between 0.03 and 0.20. The morphologies
of samples after rheological measurements under smail
deformation were found to be very similar to those of
samples in parallel curing tests at the same temperature
for the same time.

Breaking thread method

A PETG thread obtained by drawing molten granules,
dried at least during 24 h under vacuum at a temperature
between 80°C and 95°C, was placed between two EVA
films maintained by two glass plates. The whole
sandwich was positioned under a Nikon optical micro-
scope in a Mettler FP82HT hot stage. The temperature
was fixed at 210°C. The growth rate of disturbances was
determined from the photographs in order to calculate
the interfacial tension.

RESULTS AND DISCUSSION
Morphology

The rheological as well as other physical properties of
polymer blends are closely related to the state of the
dispersion and the distribution of the droplets of the minor
phase. It is, therefore, essential to determine the sizes of
the droplets and their distribution in the blend in order to
interpret the rheological data and to assess rheological
models. It was impossible to obtain homogeneous blends
rich in EVA in presence of Bu,SnO. Therefore, only



PETG rich blends are examined for the two composi-
tions: 90/10 and 80/20 wt% PETG/EVA with or without
1.2wt% of Bu,SnO. The morphological stability of the
blend extracted from the Brabender Plasticorder was
examined and compared to that of moulded samples
from the press at 210°C. No differences in the volume
average diameter, d,, and in the number average, d,,
were observed between moulded samples and blends
extracted from the Brabender. In a second step, samples
were cured at 180°C and 210°C (temperatures used for
the rheological measurements) and changes in d, with
time are reported in Figure I for the 90/10 PETG/EVA
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blend, and in Figure 2 for the 80/20 PETG/EVA blend
(the variations of d, are not reported). The correspond-
ing micrographs are shown in Figures la, 1b, 2a and 2b.
In the case of 90/10 PETG/EVA blend, the initial values
were determined to be 0.83 um and 0.56 ym for d, and 4,
respectively. Changes in diameter during curing at 180°C
were negligible and within the experimental error.
During curing at 210°C, both values increased slightly
with time. An equilibrium value of 1.1 um for d, was
reached while the equilibrium value for d, was approxi-
mately equal to 0.64 um. Hence, the polydispersity
increased with time as shown by the micrographs of
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Figure 1 Variation of d, with curing time, 90/10 PETG/EVA. Scanning electron micrographs: (a) before curing; (b) after 20 min curing, 7 = 210°C
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Figures la and 1b. The particle size increase with time
was more pronounced for the 80/20 PETG/EVA blend,
as reported in Figure 2. The increases in diameter
occurred in the first 5 min. After mixing in the Brabender
at 210°C, the diameter of the droplets was approximately
equal to 1.56 um for d, and 1.00 ym for d,,. During curing
at 180°C, d, stayed at a value of 1.00 um, but d,
increased to 2.20 um. During curing at 210°C, the d,
value increased to 2.46 um while the 4, value was stable
at about 0.95um. Hence, as shown also by the
micrographs of Figures 2a and 2b, polydispersity in

diameter and coalescence are enhanced by curing at
210°C.

No significant reduction in the particle size was
observed after mixing with 1.2 wt% Bu,SnO (transester-
ification catalyst), and this for both 90/10 and 80/20
compositions. Generally, compatibilization results in a
decrease of both the interfacial tension and the particle
size. For the 90/10 PETG/EVA blend, modified by
adding 1.2 wt% Bu,SnO, the values of d, and d, were
found to be 0.77 um and 0.48 um respectively. In the case
of the blend containing 20% EVA as the dispersed phase,

pz732_2
:J) T T ‘r
T e .
[ ] ®
B I
2 =
TN
=
3 4
= 1
b |
=
0 , | . 1
0 10 20

T T

........ e b
|
-
® T-210°C ﬁ

O T=180°C
| I L L ‘
30 4.0 50

Time (minutes)

(a)

2942 POLYMER Volume 37 Number 14 1996

(b)

Figure 2 Variation of d, with curing time, 80/20 PETG/EVA. Scanning electron micrographs: (a) before curing; (b) after 35S min curing, 7' = 210°C



d, and d, were determined to be 1.85um and 1.06 um
respectively after extraction from the Brabender. The
blend morphology is known to be related to the capillary
number which expresses the ratio between the viscous
and the interfacial forces. In the presence of Bu,SnO, a
decrease of the interfacial tension concurrently with a
decrease of the matrix v1scos1ty could ?otentially resultin
no significant particle size reduction’. As will be shown
in the second article, the presence of Bu,SnO leads to
significant decreases of the dynamic moduli of the
blends. A reaction mechanism will be proposed in
order to explain the viscosity decrease. Such decreases
have aiready have reported in the literature'®

Rheology

In thxs sectlon we use the emulsion model proposed by
Palierne’® to determine from linear viscoelastic data the
interfacial tension between the blend components. The
model describes the complex modulus, G*, of molten
blends taking into account the particle size distribution
and the interfacial tension. The complex modulus of the
blend is a function of the complex moduli of both phases
(G for the matrix and G for the inclusions) and of the
ratio of the interfacial tension and the droplet size and
size distribution, as follows:

1+3) &Hw)

CW=Ohyn s O

with H;(w) given by

(W) = a/R)[Zcm( w) +5G7 (W)] +[G1(w) — Gl w)][16G m(w) + 19G (w)]
' 40(a/ R))[G g (w) + G} ()] + [2G [ (w) + 3G 3, (w)][16G 4 (w) + 196 (w)]

@)

where « is the interfacial tension and ®; is the volume
fraction of droplets with radius R;.

The general Palierne model formulation also contains
parameters related to the interface: 5'(w) due to the
change of interfacial area and 3”(w) related to the local
shear. Since these parameters are virtually impossible to
determine experimentally, they are usually set equal to
zero?2. It is interesting to note that the model contains
no empirical parameters and one can predict the linear
viscoelastic properties of the blend from the knowledge
of the complex moduli of both phases, the particle size
and size distribution, the volume fraction of inclusions
and the interfacial tension. All of the required data for
using the model are experimentally accessible. If the
interfacial tension is unknown, the model can be used to
determine its value by fitting model predictions to
experimental data. The error on the determined value
is then directly related to the error incurred in estimating
the particle size (term «/R; in equation (2)). In order to
apply the Palierne model, rheological data should be
obtained in the linear regime in which the particle
deformation remains small (these are the conditions of
linear viscoelasticity, i.e. small amplitude oscillatory
flow). The morphology must also be stable during the
measurements and particles have to be spherical at
equilibrium.

In the case of a constant interfacial tension and for a
uniform partlcle size, the Palierne model and the
Oldroyd model® expressions are similar although the
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two approaches are different. The Oldroyd model is
restricted to dilute emulsions of Newtonian phases>
while the Palierne model is formulated for an undiluted
suspension of viscoelastic droplets in a viscoelastic fluid.
Since the volume average diameter, d,, is known to take
into account most of the particle size distribution
effects'®, we will assume uniform particles and all the
model predictions will be calculated using d, as the
characteristic dimension. Under this assumption, the storage
and loss moduli of the blends can be expressed explicitly
in terms of the moduli of both components'>:

G (B4B

1
G' = B[GM(Ble + B3By) — — B, By)] (3)

and:

1
G" = 5Gw(B1Bs — ByB;) + Gu(B1By + ByBy)]  (4)

where the constants are expressed by:

B, = C, - 298¢, (5)
B, = C, + 380G, (6)
By = C, - 28C, (7)
By = C, +38C, (8)
D = (Cy —28Cy)* + (C — 28C;)? (9)

with

C = 40]{3(01\4 +G) +38(G' - G"})

v

+48(G'H — G"%) +89(GMG| — GuGl)  (10)
Cy = 40%(@{(4 + G) +96G 4Gl + 76G|G!

v
+89(Gi4 G} + GmGY) (11)

C; = 41{3(205\4 +5GY) —

v

+19(G'% -

16(G'3 — G"3)

G"D) = 3(GuGi - GuGi) (1)
Cs = 4R£(2GM +5G1) — 32GGy + 38G1G

~ 3(G}GH + GuGY) (13)

The Palierne model predictions are in good agreement
with the experimental results of viscoelastic emulsions
but fails as expected in the case of strong partlcle—
particle interactions or agglomerated partlcles 7.25-27
Failures are also reported for systems in Wthh a hlgh
concentration of a copolymer has been added®®. This is
not surprising since these systems containing a compa-
tibilizing agent are no longer simple suspensions with
possibly thick interphases of a totally different rheolo-
gical behaviour. Hopefully, the more complete Palierne
model could cope with such interphase effects'®
Rheological characteristics of the components are
shown in Figure 3. Both the storage and loss moduli of
the PETG and the EVA exhibit classical viscoelastic
behaviour which can be described by a multimode
Maxwell model. At low frequencies, the storage and
loss moduli are proportional to w? and to w respectively.
The time—temperature principle was applied to the
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Figure 3 Complex viscosity n* and dynamic moduli G', G"

unblended PETG and EVA at 210°C
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Table 1  Shifts factors for the dynamic moduli of the components and
the blends using the time—temperature superposition. The reference
temperature is 210°C

PETG/EVA PETG/EVA
PETG EVA 90/10 80/20
T°(C) (Logar) (Logar) (Logar) (Logar)
210 0 0 0 0
195 0.354 0.175 0.320 0.360
180 0.659 0.394 0.650 0.800
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Figure 4 Comparison between dynamic moduli G, G” of the 90/10
and 80/20 PETG/EVA blends and the PETG matrix, T = 210°C

components and to the blends. Rheological character-
istics for a material at a temperature 7 can be obtained
from the knowledge of the properties of the same
material at a reference temperature T,. Both G’ and G”
are then related by a shift factor a;?. The curves
obtained at three different temperatures were super-
imposed on master curves (not shown here), using 210°C
as the reference temperature. The time-—temperature
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Table 2 Rheological parameters of the terminal zone for the
components and the blends at T, = 210°C

no (Pas) J¢ (1/Pa) A (5)
PETG 7.753 x 10° 227%x107° 1.76 x 1072
EVA 5.55x 10° 1.012x107* 5.62% 107"
90/10 1.007 x 10 8.254 x 107° 8.31x 1072
80/20 1.445 x 10* 9.997 x 1073 1.444

superposition principle was verified for the components
as well as for the blends. The shift factor values are
reported in Table 1. The shift factors for the blends
are close to the values obtained for the matrix. Because
of differences in the morphology observed after curing at
different temperatures, we prefer to analyse the rheolo-
gical properties for each temperature.

The storage and loss moduli at 210°C of the PETG/
EVA blends (10% and 20% of EVA) are compared to
those of the matrix in Figure 4. The loss modulus of the
blends coincides almost with that of the matrix, but the
blends exhibit much higher values of the storage
modulus in the terminal (low frequency) zone of the
matrix. This enhancement of elasticity at low frequen-
cies, generally observed for multiphase systems, has been
attributed to the dispersed phase particle deform-
ability'>'7"?2-27 Taple 2 reports the parameter values
for the terminal zone: the steady-state compliance J¢, the
zero-shear viscosity 7y and the terminal relaxation time
Aw» defined as follows:

!

J? = lim G— (14)
w—0G"”

mo = lim |77 (w)| = lim () (15)

/\w =J2770 (16)

Notice that the zero-shear viscosity ratio nygya/MoreTG
is lower than 1 for each temperature studied; At 210°C,
the viscosity ratio is equal to 0.715. The resulting effect of
the droplet deformability is a shift of the terminal zone in
the blends towards lower frequencies and longer relaxa-
tion times A, as shown in Table 2. Notice also that the
zero-shear viscosities of the blends are larger than those
of the unblended components.

In order to compare the predictions to experimental
data, known values of G’ and G” for the matrix and the
dispersed phase have to be used. The rheological data of
the unblended components were described by a general-
ized (multimode) Maxwell model and the model was
used for calculating the predictions of the Palierne
model. The sensitivity of the Palierne model predictions
to the interfacial tension is shown in Figure 5, which
reports predictions for a 80/20 PETG/EVA blend at
210°C for different values of the interfacial tension
keeping the radius of particles constant (d, = 2.46 um).
Only the G’ values are represented, because G” is not
sensitive to droplet deformation. The data for the blend
are shown by the solid line and the predictions have been
intentionally calculated for lower frequencies. It is clearly
seen that the appearance of a shoulder at low frequency
is directly related to the interfacial tension (for example
curve 1 corresponding to & = ImNm™"). Two limiting
cases are also presented in Figure 5: the first case with
a=0mNm ' and the second case with a = co. The
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Figure 5 Simulations illustrating the influence of the interfacial
tension on the storage modulus predicted by the Palierne model. The
solid line represents the experimental data for the 80/20 PETG/EVA
blend; T = 210°C, d, = 2.46 um

magnitudes of G’ at extremely high or low values of
interfacial tension are sensibly equivalent. This steams
from the fact that the sensibility of G’ of the blend at low
frequencies is related to the capability of the dispersed
particles to store or not elastic energy. If the interfacial
tension is high enough (o = o0), the droplets do not
deform, and no extra elastic energy is stored; the
emulsion in this case is described by a simple Taylor
model. On the other hand for homogeneous blends
(negligible interfacial tension), the dispersed droplets
take part in the blend elasticity through its storage
modulus with no extra contribution due to the interfacial
tension. Therefore in an emulsion containing 20% of
minor component, the viscoelastic behaviour of the blend
will be dominated by the properties of the matrix.
Obviously, depending on the rheological properties of
both phases, small differences in the storage modulus
of the blend will be predicted, compared to that of the
matrix. For both cases, if the complex modulus of
the particles is much larger than that of the matrix,
H;(w) = 0.5 and the model simplifies to:

6w =cu (250w

For a very dilute suspension in a Newtonian matrix,
equation (17) reduces to Einstein’s result. Figure 5 shows
also that an increase in « resuits in a decrease of the
width and eventually the vanishing of the shoulder. As
mentioned previously, the sensitivity of the model in
estimating the interfacial tension value is related to the
particle size determination. Figure 6 illustrates the effect
of 10% error in diameter for the 80/20 PETG/EVA blend
at 210°C with « fixed at 4mNm™~". The differences are
negligible especially in the range of the experimental
data. An approximate expression for the relaxation time
of the deformed droplets can be used to explain the shift
towards the low frequency region for the terminal zone
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Figure 6 Simulations illustrating the influence of the particle size on
G' predicted by the Palierne model. The solid line represents the
experimental data for the 80/20 PETG/EVA blend; T = 210°C, o = 4
mNm™, d, = 2.46 um is the experimentally determined value
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Figure 7 Comparison between experimental data and the Palierne
emulsion model predictions for the 90/10 and 80/20 PETG/EVA
blends; T = 210°C

of the emulsion with increasing concentration of the
minor phase15 24

The morphology was found to be stable during
rheological measurements after Smin (see Figures 1
and 2). Comparisons between experimental data and the
Palierne model predictions are shown in Figure 7 for
the 90/10 and 80/20 PETG/EVA blends. At 210°C, the
droplet volume average radius R, is 0.55 um for the 90/
10 PETG/EVA blend, and the interfacial tension «, is
determined to be 3.9mNm™'. For the two other
temperatures, 180°C and 195°C, « is found to be in the
interval of 3.5 to 4.0mNm ' corresponding to R, equals
to 0.42um. Using the same approach for the 80/20
PETG/EVA blend, at a temperature of 210°C, R, was
determined to be 1.23 um and « is in the interval of 4-5
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mNm™'. At 180°C, « is between 6mNm~' and 8 mN
m~! for R, equal to 1.1 um. With these values, the model
satisfactorily describes the behaviour of the blends for
the two compositions over the entire frequency range.
Figure 8 shows the comparison between the experimental
data and the emuision model predictions at the various
temperatures for both blends. All the curves show a very
similar increase in elasticity in the terminal zone of the
matrix, although the droplets are much larger at higher
temperatures. The rheological behaviour over the whole
frequency range as well as the increase in elasticity is well
predicted by the emulsion model. The agreement is
shown to be excellent for both blends. As mentioned
previously, the enhancement of elasticity is attributed to
the deformability and the relaxation of the EVA droplets
suspended in the PETG matrix. Measurements have to
be carried out at low frequencies in order to observe
phenomena associated with droplet deformation.

In all cases, the results are thermodynamically sound
as they predict a decrease of the interfacial tension with
increasing temperature. It is well known that the interfacial
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Figure 8 Comparison between experimental data and the Palierne
emulsion model predictions at various temperatures for both blends
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tension displays a low temperature coefficient'®. The
temperature is shown to have no significant influence on
the interfacial tension for the 90/10 PETG/EVA blend.
In the case of the 80/20 PETG/EVA blend, the interfacial
tension decreases from around 7mNm™" at 180°C to
4.5mNm ' at 210°C. This change is significantly larger
than normally expected and is potentially due to
important changes in the morphology, not accounted
by using the volume average diameter. Figures 2a and b
reveal an important increase in the particle diameter
polydispersity during curing at 210°C.

Breaking thread results

The breaking thread method is based on the growth of
an instability along a cylindrical thread embedded in a
molten matrix. The sinusoidal distortions along the
thread will grow exponentially when the wavelength of
the distortions is larger than the circumference of the
thread. In Tomotika’s theory30, the rate of distortions, g,
is related to the interfacial tension as follows:

QM k
g= a2 A k) (18)
2Ry

where (), k) is a tabulated function of the wave length,
A, and of the viscosity ratio k. Ry is the initial radius of
the thread. The values of Q(A k) are reported by
Tomotika®®. From the plot of In(a/Ry) vs. 1, a being
the distortion amplitude, it is possible to determine the
interfacial tension. Results for the determination of
the interfacial tension by the breaking thread method are
reported in Table 3. The wave number, X, was estimated
to be 0.57 from Tomotika’s analysis, and only some
results which were close to this theoretical value are
reported. Unfortunately, it was impossible to observe
reproducible instabilities driven by the interfacial forces
tor a PETG thread embedded in an EVA matrix at a
temperature of 210°C. We note from Table 3 that the
values of o vary between 8. 2mNm ™' and 16.0mNm
for the repeated experiments. These variations are clearly
unacceptable. Note these values are much larger than the
interfacial tension obtained by rheometry. The PETG,
like all polyesters in general, is very sensitive to moisture.
Measurements in our hot stage equipment could not be
carried out under nitrogen atmosphere. It is suspected
that, with the long experimental time required, polyester
degradation occurs and modifies the interface with the
EVA matrix. It would be of considerable interest to
confirm the results obtained by rheology using the
breaking thread experiment carried out under a nitrogen
atmosphere. This is what we intend to do in a near
future. As far as we know, there is no interfacial tension
value reported in the literature for the PETG/EVA
system.

Table 3 Interfacial tension between PETG and EVA at 210°C using
the breaking thread method

R (um) a (mNm™') Xexp
14.77 10.0; 11.0; 9.1; 11.5 0.54
14.33 8.2;12.3; 124 0.53
40.67 13.9;13.7 0.60
12.44 8.8 0.47
15.65 10.8; 13.3 0.54
26.21 8.5 0.55
9.64 16.0; 15.1 0.59




CONCLUSION

The linear viscoelastic properties of molten PETG/EVA
blends have been determined and analysed for two
compositions and three temperatures. An increase in
elasticity in the low frequency region characterizes the
blends. The Palierne emulsion model is shown to
describe the data very well. The model predictions are
used for determining the interfacial tension between
PETG and EVA, which is found to vary between 4.5 mN
m~! and 7mNm™!. It decreases with increasing tem-
perature as thermodynamically expected. These values
are in the range of interfacial tension reported in the
literature for similar polymer blends (no value is
available for PETG/EVA blends). The rheologically
determined interfacial tension is lower than that deter-
mined using the breaking thread method. Due to
experimental difficulties encountered with the PETG/
EVA blends, the breaking thread method did not yield
reproducible results.
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