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ABSTRACT: Super-tough poly(butylene terephthalate) (PBT) based blends were obtained by melt blending PBT
with 20 wt% poly(ethylene-octene) copolymer (PEO), and varying amounts of poly(ethylene-co-glycidyl methacrylate)
(EGMA) as a compatibilizer. Partially reacted EGMA dissolved completely, mainly in the PBT-rich phase, up to 4%
EGMA, at which point a crystalline EGMA phase appeared. The reaction and the consequent compatibilization led to a
decrease in the particle size and to an improvement in the adhesion between the components. Two percent EGMA was
the minimum content required to reach maximum super-toughness, that also corresponded to the maximum ductility. The
inter-particle distance (τ) was the parameter that controlled super-toughness. The study of the parameters that τc depends
on, showed that τc was independent of the modulus of the dispersed phase (Ed) over the τc range studied. However,
the dependence of τc on adhesion at the interphase was seen by means of the comparison of the τc-interfacial tension
relationship of this blend with those of previous studies.
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Rubber toughening is the traditional method1, 2

of improving the impact strength of thermoplas-
tics. The improvement obtained is significant, but
recently much higher increases leading to so-called
super-toughness, have been attained by compatibiliza-
tion,3–6 for instance, with maleic anhydride, epoxy
or compounds with amine groups. Thermoplastics for
which super-toughness was achieved include poly(bu-
tylene terephthalate) (PBT),3, 7–10 polyamides,5, 11–15

amorphous copolyester,6 polyoxymethylene,10 poly-
(phenylene sulfide),10 poly(vinyl chloride)16 and high
density polyethylene.17

Of the variables that influence toughening, the parti-
cle size of the rubber dispersed phase was considered
to be the main parameter.2, 5, 11, 18, 19 However, more re-
cently, the mean inter-particle distance between two
neighboring particles (τ) has been proposed14 as the
factor that controls super-toughness, that should ap-
pear when τ is below a critical value (τc). Firstly,
it was proposed that τc was a characteristic of a
given matrix,14, 17, 20 but subsequent studies demon-
strated that there are extrinsic parameters10, 20–24 such
as the test temperature, strain rate and mode of defor-
mation that influence the value of τc. Intrinsic parame-
ters3, 7, 8, 10, 16, 25 such as the crystallinity of the matrix,
type and modulus of the rubber, the ratio of the modu-
lus of the matrix to that of the rubbery dispersed phase
(Em/Ed), and adhesion between the components, have

been also proposed to influence τc. The influence of ex-
trinsic parameters is clearly seen. However, that of in-
trinsic parameters is not, because with the exception of
adhesion, the change of one intrinsic parameter, leads
to the change of another, making it difficult to deter-
mine the parameter to which the changes have to be
attributed.

Super-tough PBT based blends were obtained us-
ing both maleinized poly(ethylene-octene) copolymer
(mPEO)3 and a difunctional epoxy resin.7, 8 In these
studies the Em/Ed ratio3 and the adhesion between the
components7, 8 were proposed as intrinsic parameters
that influence τc, and as a consequence parameters to
be controlled to achieve super-toughness. However, the
parameters that control super-toughness and how they
work are far from being known, and much more work is
needed to fully understand the reasons and conditions
that lead to super-toughness. In this way, the possibil-
ity of obtaining new PBT based super-tough blends by
a new compatibilizing method, besides its intrinsic im-
portance, would offer a new τc value that could be used
to find out the intrinsic parameters of the blend that in-
fluence τc.

The interactions between PBT and PEO can be
modified using poly(ethylene-co-glycidyl methacry-
late) (EGMA) because its epoxy functional groups in-
teract or react with the hydroxyl or carboxyl end groups
of PBT. EGMA has been used in polyester/polyolefin
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blends.26–30 Provided super-toughness is obtained, the
comparison of the new τc-Ed value with those of pre-
vious blends, and the comparison of the τc-adhesion
value of this study with those of PBT/PEO3, 7, 8 blends
compatibilized in other ways could give experimental
information about the parameters τc depends on.

The purpose of this study is to examine the possi-
bility of obtaining super-tough PBT based blends by
melt blending followed by injection molding PBT with
both 20 wt% PEO, and variable amounts of EGMA as
a compatibilizer. The blends were characterized by
differential scanning calorimetry (DSC), dynamic me-
chanical thermal analysis (DMTA), contact angle mea-
surements, torque measurements, Fourier transform in-
frared spectroscopy (FT-IR) and scanning electron mi-
croscopy (SEM). The mechanical properties were mea-
sured by means of tensile and impact tests. The re-
sults on the impact strength tests and the mean parti-
cle size of the blends were used to determine τc. The
corresponding τc-Ed and τc-adhesion pairs were com-
pared with those obtained with other compatibilizers in
PBT/PEO and other blends.

EXPERIMENTAL

The PBT used in this work was CRASTIN S600F10
(DuPont) (Mn = 20400). PEO was ENGAGE EG 8200
(DuPont-Dow) (Mn = 82900). EGMA (LOTADER
AX8840, containing 8 wt% glycidyl methacrylate
(GMA)) was kindly supplied by Atofina. PBT (4 h
at 120 ◦C), and PEO and EGMA (6 h at 60 ◦C) were
dried before processing in an air oven to avoid possible
moisture-induced degradation reactions. The PBT/PEO
ratio in the blends was 80/20. The EGMA content with
respect to a 100% PBT/PEO blend changed from 0 to
10 wt%.

Blending of PBT, PEO, and EGMA at the desired
compositions was carried out in a Collin twin-screw
extruder-kneader (type ZK25, L/D ratio 24, screw di-
ameter 25 mm). PBT/PEO-EGMA blends were pro-
cessed at 250 ◦C, except the 80/20-0 blend, which was
processed at 225 ◦C because of its low melt strength at
250 ◦C. The rotor speed was 50 rpm. The rod extrudate
was cooled in a water bath and then pelletized. Injec-
tion molding was carried out in a Battenfeld recipro-
cating screw injection molding machine to obtain ten-
sile (ASTM D638, type IV, thickness 3.2 mm) and im-
pact (ASTM D256, thickness 3.2 mm) specimens. The
screw had a diameter of 18 mm and a L/D ratio of 17.8.
The melt temperature was 250 ◦C (for neat PEO and
EGMA 190 ◦C) and the mold temperature was 60◦C
(for neat PEO and EGMA 15 ◦C). The injection speed
and pressure were 7 cm3 s−1 and 120 MPa, respectively.

The melting behavior was studied by DSC using a
PerkinElmer DSC-7 calorimeter. An indium sample
was used as a reference. The samples were first heated
from 10 ◦C up to 270 ◦C at 20 ◦C min−1, then cooled at
the same rate, and reheated. The melting temperature
(Tm) and the enthalpy were determined in the first heat-
ing scan from the maxima and the area of the peaks, re-
spectively. The phase structure was studied by dynamic
mechanical analysis performed on a Polymer Labora-
tories DMTA that provided the plot of the loss tangent
(tan δ) against temperature. The scans were carried out
in single cantilever mode at a constant heating rate of
2 ◦C min−1 and a frequency of 1 Hz, from −130◦C to
roughly 100 ◦C.

The torque of mixing of pure PBT and PEO with and
without 2% EGMA, and those of the PBT/PEO 80/20
blend with 0, 2, and 5% EGMA contents were mea-
sured in a Brabender Plasticorder at 250◦C and 50 rpm.
The operation was maintained for roughly 20 min.

The possible reactions between PBT, PEO, and
EGMA were studied by FT-IR in the injected speci-
mens using a Nicolet 5 DXC spectrophotometer. The
contact angle measurements were carried out on a
CAM 100 goniometer (KSV) on injection molded spec-
imens, using water and ethylene glycol. The interfa-
cial tension was calculated by the two-liquid Harmonic
Method31 measuring the contact angle of two liquids on
the surface of PBT/EGMA and PEO/EGMA blends. At
least five drops were examined and averaged for each
contact angle result. The mean standard deviation of
the measurement was 2–3 ◦ which led to an error in the
interfacial tension values of approximately 20%.

The surfaces of cryogenically fractured specimens
were observed by SEM after gold coating. A Hitachi
S-2700 electron microscope was used at an accelerat-
ing voltage of 15 kV. The particle size of the rubber was
measured in representative zones of the cryogenically
fractured impact specimens. The weight-average par-
ticle size, dw, was calculated from a minimum of 200
particles as

dw =

∑
nid2

i∑
nidi

(1)

where n is the number of particles with size d.2, 21, 22

The tensile tests were carried out using an In-
stron 4301 tensile tester at a cross-head speed of 10
mm min−1 and at 23± 2 ◦C. The Young’s modulus was
determined by means of an extensometer. The yield
stress and ductility, measured as the break strain, were
determined from the load-displacement curves. The
elongation at break was determined from the crosshead
travel rate, assuming a gauge length of 64 mm. Izod
impact tests were carried out on notched specimens us-
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ing a CEAST 6548/000 pendulum. The notch (depth
2.54 mm and radius 0.25 mm) was machined after in-
jection molding. A minimum of five tensile specimens
and ten impact specimens was tested for each reported
value.

RESULTS AND DISCUSSION

Solid-State Behavior
The phase structure of PBT/PEO-EGMA blends was

studied by DMTA. In the 80/20 PBT/PEO blend, two
pure amorphous phases were present.3 Therefore, only
the effects of the presence of EGMA will be stud-
ied. Figure 1 shows the DMTA scans of pure PBT
and EGMA, of binary PBT and PEO blends with 2%
EGMA, and of the 80/20 PBT/PEO blends with 0, 2,
and 10% EGMA contents. Neither the Tg of pure PEO
(at −36 ◦C), nor its secondary transition (at −121◦C)
changed with the addition of EGMA, so the DMTA
scan of pure PEO is not shown.

As can be seen, when the scans of the ternary blends
with different EGMA contents are compared, the Tg of
PEO could not be determined, probably because of its
low intensity. A possible presence of reacted EGMA in
the PEO phase will be discussed later with reference to
torque measurements. Moreover, the Tg of EGMA was
not seen in the scan of the 80/20-10 blend, indicating
the absence of an amorphous EGMA phase. Finally, on
EGMA addition, although the secondary transition of
PBT remained constant at −78 ◦C, the position of the
Tg of PBT changed from 58 ◦C in the 80/20-0 blend to
54 ◦C in the blends whatever the EGMA content. This
indicates the presence of a PBT-rich phase with some
EGMA. The presence of EGMA in the PBT-rich phase
can be either as a miscibilized or reacted product; this
will be discussed later.

The melting behavior of PBT/PEO-EGMA blends
was studied by DSC. Figure 2 shows the first DSC
scans of pure PBT and EGMA, and those of the 80/20
blend with 0, 2, and 10% EGMA. As can be seen, no
crystallization exotherm was observed in spite of the
rapid cooling in the injection mold. With respect to
the crystalline phase of PBT, as observed3, 7 previously,
and as seen in the scan of the 80/20-0 blend of Fig-
ure 2, the presence of PEO did not disturb the melting
process of PBT. It was the same in the case of EGMA,
because the Tm of PBT (225 ◦C) did not change with
the EGMA content, probably due to the slight EGMA
presence. Finally, although constant in a second scan,
the crystallization level of PBT in the blends in the
first scan slightly decreased upon EGMA addition from
32% (neat PBT and 80/20-0 blend) to 26% (blends with
EGMA).

ta
n δ
 

Figure 1. DMTA scans of pure PBT and EGMA, of binary
PBT and PEO with 2% EGMA, and of 80/20 blends with 0, 2, and
10% EGMA contents. To aid clarity, the curves are shifted on the
vertical axis.

Figure 2. First DSC heating scans of the pure PBT and EGMA,
and of the 80/20 blends with 0, 2, and 10% EGMA contents. To aid
clarity, the curves are shifted on the vertical axis.

With respect to the crystalline EGMA phase, the
melting of EGMA was seen only in the blends with
EGMA contents of 4% or more. This indicates that
EGMA contents below 4% were fully miscibilized in
the blends. Moreover, as can also be seen in Figure 2,
the Tm of EGMA decreased from 106 (pure EGMA) to
100 ◦C (80/20-10 blend) and the crystallinity from 26
(pure EGMA) to 14% (80/20-10 blend). These differ-
ences could be attributed either to the different process-
ing temperatures used for pure EGMA and PBT/PEO-
EGMA blends or to PBT hindering the crystallization
of EGMA. A similar behavior has been observed in
polyamide/EGMA blends,32 where the processing tem-
perature did not change. Therefore, PBT probably hin-
dered the crystallization of EGMA.

The possibility of reactions between EGMA and ei-
ther of the two components of the PBT/PEO blend was
tested by FT-IR. The FT-IR spectrum of the blend with
EGMA was similar to that obtained by combining the
weighted spectra of the pure components. This indi-
cated that, if chemical reactions took place, their ex-
tent was small. The possibility of reaction was also
studied by torque measurements in an internal mixer,
that have been used extensively to detect the possibil-
ity of chemical reactions in the melt state7, 33 because
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Figure 3. Torque vs. time of PBT/PEO 80/20 blends with 0
(�), 2 (•), and 5% (�) EGMA contents.

the grafted or cross-linked reaction products lead to a
prompt torque increase that makes the torque behav-
ior very sensitive to these reactions. For this reason,
in Figure 3 the torque curves of the PBT/PEO 80/20
blend with 0, 2, and 5% EGMA contents are shown. As
can be seen, the torque of the 80/20-0 blend decreased
monotonously with mixing time. However, the torques
of the blends with 2 and 5% EGMA content increased
after a short mixing time, reaching a maximum value at
approximately 1 and 2.5 min, respectively. Moreover,
the torque difference between the blends with EGMA
and the 80/20 blend, and therefore the reaction level,
was higher when the EGMA content increased. This
proves that reactions took place in the internal mixer
and that, despite the FT-IR results, probably also took
place in the extruded-injected blends. The blends were
melted at the same temperature in both procedures, and
the reactions appeared in Figure 3 after a mixing time
shorter than that used to produce the blends. The short
time to reaction start is probably due to the high reac-
tivity of the epoxy functional groups.

To find out which of the two components of the blend
reacted with EGMA, binary PBT and PEO blends with
2% EGMA, and the neat PBT and PEO as a reference,
were obtained in the internal mixer, and the correspond-
ing torque curves are shown in Figure 4. As can be
seen, the torques of melt-phase PBT (open circles) and
PEO (open squares) decreased monotonously with mix-
ing time, probably as a consequence of thermal and/or
mechanical degradation. However, the torque differ-
ence between the torque curve of PBT and that of PBT
with 2% EGMA started to increase after about 2 min,
but 10 min were necessary in the case of PEO binary
blends with 2% EGMA content to move away from the
torque curve of pure PEO. Then, the torque differences
disappeared, probably as a consequence of degradation.
Therefore, as the extrusion-injection process is carried
out in only roughly 5 min, the chemical reactions are
probably more developed in PBT because of the short
time they need to take place.

Figure 4. Torque vs. time of PBT (©, •) and PEO (�, �) with-
out (outline symbols) and with 2% EGMA (filled solid symbols).

Morphology
The cryofractured surfaces of the injection molded

impact specimens were observed by SEM. A fine layer
(about 100–150 µm) with elongated rubber particles
covered the specimens,3, 7, 8, 34, 35 whatever the EGMA
content. The likely effects of such a fine layer on
the mechanical properties are negligible due to its low
thickness, so it will not be considered in the discus-
sion of the morphology. In the rest of the transverse
section, the morphologies close to the outside and in
the inner part of the specimen (roughly two thirds of
the specimen) were slightly different. This difference
was probably because the cooling was faster and/or the
shear rate much higher in the outside part than in the
inner part, and as a consequence the possibility of co-
alescence decreased.3, 7, 8 However, the morphological
changes of both parts followed the same trends. There-
fore, only the morphology of the inner part of the spec-
imens will be presented.

Figure 5 shows the cryogenically fractured surfaces
of the inner part of the impact specimens of the blends
with 0 (a), 1 (b), 2 (c), and 10% (d) EGMA contents.
As can be seen when Figures 5a and 5b are compared,
the particle size clearly decreased on EGMA addition.
The decrease was from 2.63 (80/20-0 blend) to 1.49 µm
(80/20-1 blend) to 1.30 µm (80/20-2 blend) to 0.96 µm
(80/20-10 blend). This decrease in the particle size
with EGMA addition indicates that compatibilization
took place, and from a morphological point of view, in-
creased with the EGMA content. This decrease in the
particle size agrees with the interactions at the interface
expected as a consequence of the reactions observed in
Figures 3 and 4. Larger EGMA contents should lead
to an increase in the degree of reaction. This agrees
with the larger torque increases at larger EGMA con-
tents seen in Figure 3.

As can also be seen in Figure 5, the surfaces of both
the particles and the holes are clear. This indicates that
the adhesion level between PBT and PEO was poor, but
as can be seen in Figures 5b–5e, in addition to holes
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(a) (b)

(c) (d)

Figure 5. Cryofractured surface of the inner zone of the injection molded impact specimens of PBT/PEO 80/20 blends with 0 (a), 1 (b),
2 (c), and 10% (d) EGMA contents.

Table I. Interfacial tension (measured by means of the contact
angle) between PBT/EGMA and PEO/EGMA as a function of

EGMA content

EGMA content
(%)

γ12

(mN m−1)
0 1.76
1 1.30
2 0.59
4 0.68

10 0.51

and particles, a number of broken particles were seen,
proving that adhesion exists, and that its level improved
as the EGMA content increased.

To investigate the reasons for the improved com-
patibility of the PBT/PEO-EGMA blends, and for the
better adhesion of the blends observed with EGMA,
the interfacial tension (γ12) between PBT/EGMA and
PEO/EGMA with different EGMA contents was mea-
sured by means of the contact angle, and the cor-
responding results are shown in Table I. As can be
seen, the γ12 between PBT and PEO (1.76 mN m−1)
decreased when the EGMA content increased up to
2%. This clear γ12 decrease agrees with the signifi-
cant progressive decrease in the dispersed particle size
of Figure 5 and indicates a progressive compatibiliza-
tion. Further increases in the EGMA content did not
apparently change γ12, but it may change slightly, be-
cause the estimated error of the measurement was ap-

Figure 6. Young’s modulus (•) and yield stress (�) of
PBT/PEO 80/20 blends as a function of EGMA content.

proximately 20%. These γ12 values prove that the
EGMA presence led to a decrease in γ12 between the
two phases of the blend, and the stable morphologies
of Figures 5c and 5d. This is due to the presence of
reacted EGMA. This indicates that adhesion should in-
crease with the EGMA presence and that a positive ef-
fect on the mechanical properties is probable.

Mechanical Properties
Figure 6 shows the Young’s modulus and the yield

stress of the blends as a function of the EGMA content.
An increase in the EGMA content led to a decrease in
both properties, probably due to the elastomeric nature
of EGMA. In previous PBT/PEO based blends,3, 7 the
Young’s modulus and the yield stress did not change
with the compatibilizer level (either grafted maleic an-
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Figure 7. Ductility of PBT/PEO 80/20 blends as a function of
EGMA content.

hydride or epoxy resin).
The effects of EGMA on ductility, measured as the

elongation at break, are shown in Figure 7. As can
be seen, ductility increased with the EGMA content
up to 2% EGMA. At higher EGMA contents, it de-
creased back to the initial value. This increase in duc-
tility is a positive result, as in previous compatibilized
PBT/PEO blends, super-toughness was achieved, but
ductility either increased only upon initial compatibi-
lizer addition3 or did not change.7 The initial increase
in ductility upon EGMA addition agrees with that usu-
ally seen in blends of thermoplastics, in which the
particle size decreases. The decrease in ductility at
EGMA contents higher than 2% is unexpected because
a smaller particle size should not have a negative effect
on ductility. The change of tendency of γ12 to values
independent of the EGMA content that took place at
2% EGMA could be responsible for such ductility be-
havior. Both the increase and the maximum obtained
in ductility, at EGMA contents of roughly 2% indicate
that compatibilization took place.

Figure 8 shows the impact strength of the blends as a
function of the EGMA content. The large deviation ob-
served in the 80/20-0.5 blend is due to the fact that some
specimens were brittle and some ductile. All the blends
showed a stress-whitening zone after fracture, that ex-
tended from around the notch to the whole fracture sur-
face as the impact strength increased. As can be seen,
the impact strength increased very strongly from 165
to 710 J m−1, as the EGMA content increased to 2%.
Further increases in the EGMA content up to 10% did
not improve the impact strength. These impact strength
increases are not due to the presence of the rubbery
EGMA in the PBT matrix. This is because it is solved
in the PBT matrix, and toughening implies the presence
of a separated rubbery phase. The observed impressive
increase in impact strength is an additional clear proof
of compatibilization, and must be due to the finer dis-
persion and better adhesion of PBT/PEO blends upon
EGMA addition.
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Figure 8. Impact strength of PBT/PEO 80/20 blends as a func-
tion of EGMA content.

The impact strength of the 80/20 blend with EGMA
contents of 1% or more is typical of super-tough
blends, because it is more than four-fold that of the
corresponding blend without EGMA and twenty-fold
that of the PBT matrix. This impact strength im-
provement is larger than the maximum value obtained
in PBT/PEO blends modified with either maleinized
PEO1 (645 J m−1) or epoxy7 (575 J m−1).

Inter-Particle Distance
It is known that both the rubber content and the parti-

cle size have often been used as parameters that control
impact strength in rubber modified blends.1, 2, 9 Subse-
quently, this was restricted to particle size only, and
more recently,14 the mean inter-particle distance (τ)
has been proposed3, 7, 8, 10 as the parameter that controls
toughness. τ is defined as

τ = dw


(
π

6φ

)1/3
− 1

 (2)

where dw is the weight-average particle size, and φ
is the volume fraction of rubber. Thus, the impact
strength increase should occur when τ between two
neighboring particles is below a critical τ value (τc).
τc was proposed to be independent of the particle size
and the rubber volume fraction, and characteristic of a
given matrix.

To find out whether τc determines the impact strength
behavior of PBT/PEO-EGMA blends, the τ of these
blends was calculated using eq 2 and the results are
collected in Figure 9 against the impact strengths of
the blends. The impact strength of the 80/20-0 blend
(outline circle) is also plotted as a reference for low
impact strength. The τ values corresponding to the
blends with 0.5 and 1% EGMA content (0.40 µm and
0.37 µm respectively) were not plotted in Figure 9 be-
cause, as seen in Table I, adhesion changed7, 8, 16 signif-
icantly. Moreover, the plot of Figure 9 has been com-
pleted (solid squares) by including the value of a 95/5-
2 blend that corresponds to a study now in progress in
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Figure 9. Impact strength as a function of τ of PBT/PEO
80/20 blends with different EGMA contents (outline square), of the
80/20-0 (open outline circle) and 95/5-2 blends (filled solid square).

our laboratory. As can be seen, the rubber volume frac-
tion did not determine the impact behavior, because at
the constant PEO content (20%) of this study, there are
blends with both low impact strength (80/20-0 blend)
and super-tough ones (80/20-2 blend). However, as can
also be seen, τ appears to control the impact behavior,
as a sharp increase in impact strength took place when
τ decreased below 0.39 µm. The value (0.42 µm) corre-
sponding to the 95/5-2 blend was in the brittle region,
because its impact strength value was not far from that
of the 80/20-0 blend. Therefore, 0.39 µm is considered
to be the τc for PBT in PBT/PEO-EGMA blends.

In agreement with Wu’s theory, τc should be a char-
acteristic of a given matrix,6, 17, 20 but different studies
have demonstrated that the τc of a blend depends on ex-
trinsic parameters.10, 20–24 The dependence on intrinsic
parameters3, 7, 8, 10, 16, 25 has also been proposed. How-
ever, with the exception of adhesion,3, 7, 8 the results are
not yet definitive as, besides the studied parameter, an-
other intrinsic parameter usually changed.

Considering the possible intrinsic parameters on
which τc and super-toughness depend, the possible de-
pendence of τc on any parameter related to the modulus
of elasticity of the components arises. This is because
a change in either Em/Ed or in the modulus of elasticity
of either of the two components of the blends leads to
the local deformation in the matrix and in the dispersed
phase to be different. This should lead to changes of the
stress concentrations in the interphase that are the start-
ing point of toughening. In this way, a change of τc
with the modulus of the matrix (Em) was seen3 and the
Em/Ed ratio was proposed3 as influencing τc. However,
a possible dependence of τc upon Ed was not studied.
For this reason, the possible dependence of τc upon Ed

was tested in Figure 10, by comparing the τc’s of differ-
ent blends from the bibliography. As can be seen, in the
τc range between 0.30 and 0.50 µm, there is no such de-
pendence, as large changes appeared in τc while Ed re-
mained almost constant. Additional work is in progress

τ
 

E

Figure 10. τc as a function of Ed: (1) •: this study; (2) •:
PBT/mPEO;3 (3) •: PBT/PEO-epoxy;8 (4) ©: PBT/SEBS;10 (5) ©:
PBT/ethylene olefin;10 and (6) �: Nylon-6/EPDM21 blends.

γ
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N
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τ 

Figure 11. Interfacial tension as a function of τc for PBT/PEO
blends compatibilized with EGMA (this study) (�), anhydride
maleic3 (•), and epoxy resin8 (�).

in our laboratory to find out whether this lack of depen-
dence can be extended to blends with lower τc values.

The dependence of τc on adhesion is also probable as
its level has to influence the conditions for microfrac-
ture to start. This study and those of refs 3 and 8
were carried out under the same experimental condi-
tions, and also with the same matrix and rubber. There-
fore, with the exception of adhesion, the extrinsic and
intrinsic parameters were the same. This allows us to
test whether τc depends on adhesion or not, by compar-
ing the τc of this study with those of refs 3 and 8. This
test is represented by Figure 11, in which the τc-γ12 re-
lationship of this blend and those of PBT/mPEO3 and
PBT/PEO-epoxy8 blends are plotted. The differences
between the γ12 values are significant because they are
clearly higher than the estimated error (± 20%) in the
measurement. As can be seen, the dependence of τc on
γ12 is clear. Therefore, in the PBT/PEO blends of this
study, γ12, and as a consequence the adhesion between
the components, is a parameter that influences τc. Ad-
ditional work is also in progress in our laboratory to
quantify this effect in other blends.

62 Polym. J., Vol. 35, No. 1, 2003



Compatibilization of PBT/PEO Blends by Means of EGMA

CONCLUSIONS

PBT/PEO-EGMA blends are composed of two amor-
phous phases with some partially reacted EGMA. Be-
sides the crystalline PBT phase, another EGMA crys-
talline phase is observed at EGMA contents equal or
greater than 4%. The reactions of EGMA with both
PBT and PEO are slight as they are not detectable by
FT-IR but clearly seen as torque increases. The dis-
persed particle size decreased with the EGMA content
in the blends as a consequence of the decrease in the in-
terfacial tension between the components of the blend.

Impact toughness values four-fold that of the corre-
sponding blend without EGMA and twenty-fold higher
than that of PBT were obtained. 2% EGMA is the min-
imum compatibilizer content that leads to maximum
toughness in these super-tough PBT blends. It also
gives rise to a maximum ductility and to almost con-
stant values in the modulus of elasticity.
τ is the parameter that controls toughness in these

blends. The transition to super-toughness took place at
τc = 0.39 µm. No dependence of τc on Ed was seen in
the observed τc range, but the dependence of τc upon
adhesion is inferred by means of the comparison of the
τc-interfacial tension pairs of this study with those of
previous studies on compatibilized PBT/PEO blends.
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