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Abstract 0.7 mm sheets of blends of polycarbonate (PC)
with polyethylene terephthalate (PET) rich in PC in the
presence and absence of three different transesterification
catalysts have been obtained using reactive extrusion-cal-
endering processing method in order to evaluate the frac-
ture toughness of these materials applying the essential
work of fracture (EWF) approach which has not been
previously reported in the literature. The morphology has
been characterized by scanning electron microscopy
(SEM). In addition, the tensile properties of these materials
were determined. There is a decrease on the essential term
(w.) values of PC/PET blends without transesterification
catalysts while blends with transesterification catalysts
present an increment in comparison with neat PC which
may related to the product of the transesterification that
plays like an emulsifier/compatibilizing agent to reduce the
interfacial tension between the components of the blend
and reduce the interfacial tension between the two
immiscible or incompatible component phases to get a
better fracture behavior. This is confirmed by the tensile
test results obtained which demonstrate higher values for E
and o, in the case of blends with transesterification cata-
lysts compared with neat PC. For non-essential term of
fracture (fwp), blends without catalysts exhibit an increase
compared with neat PC by increasing the amount of PET
which may due to the lowering of the yielding stress. In
contrary, the presence of transesterification catalysts and
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especially Zn-based shows decrease as a consequence of
the restriction that occurred on the movement of PC seg-
ments during the transesterification reactions or as a dec-
ohesion of the dispersed phase during the test.

Introduction

Most of the purposes of blending processes are to enhance
and modify the physical and chemical properties of the
materials [1]. This has the advantage of being much
cheaper, quicker, and the physical properties of a blend of
known polymers can be easier to predict than the properties
of a completely new polymer.

In the 1970s and 80s a series of papers were produced
documenting the results of miscibility tests carried out on
various pairs of polymers [2-4]. One of the common
polymer blends was polyethylene terephthalate (PET) with
Bisphenol-A-polycarbonate (PC). Extensive studies have
been performed on the behavior of PET and PC blends
focusing in, crystallization [5], morphology [6], transeste-
rification reactions [3, 7, 8], compatibility [9], and thermal
properties [10]. Blends of PET/PC found to be compatible
in rich PET one due to transeterification or process or
physical interactions (miscibility) [7]. Many studies con-
firm that the PET/PC pair results immiscible in the absence
of transesterification reactions especially when the blends
rich in PC.The miscibility is induced by transesterification
reactions and, for this reason, the catalyst activity plays a
crucial role on the control of the phase behavior and hence
on the properties of the blends prepared by reactive
blending [11, 12].

Much of the previous research has focused on the pre-
vious aspects when study PET/PC blends and few studies
were done to investigate their mechanical properties
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[12, 13], however to our knowledge no work has been
published on the fracture behavior of reacted PET/PC
blends rich in PC.

In recent years, several researchers have successfully
used the essential work concept to characterize the fracture
toughness of polymer materials [14—18], so in this article
we attempt to characterize and evaluate the tensile and
fracture behavior at low strain rates of films of PET/PC
blends in the PC-rich range by using or applying of the
essential work of fracture approach in deeply double-edge
notched tension (DDENT) geometry. This work is a con-
tinuation to previous study [19] where thermal, rheological,
and thermodynamic mechanical behavior of PC/PET
blends were evaluated.

Essential work of fracture (EWF)

EWF approach was developed by Cotterell and Mai [20]
following an idea of Broberg [21]. It is used to characterize
the fracture toughness of ductile materials. When a ductile
specimen containing a crack is loaded, the plastic flow
occurs in an outer plastic zone that borders the fracture
process zone (Fig. 1). The total work of fracture, Wy, may
be separated into two components:

Wi = We + W, (1)

where W, is the essential work and is proportional to the
ligament length (L) if it is assumed that the specific
essential work of fracture (w.) remains constant. W, is the
non-essential work in the rest of the plastic deformation
zone which is proportional to L? if it is assumed that the
specific non-essential work of fracture (wp) remains
constant. The total work of fracture can be written as:

Fig. 1 Schematic diagram showing the deeply double-edge notched
tension (DDENT) specimen
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Wi = we BL + pw,BL? (2)

where f§ is a shape factor of the plastic deformation zone
and B is the sample thickness. Dividing Eq. 2 by the
ligament area (L*B), the specific total fracture work, wy, is
given by:

wi = (Wi /BL) = we + fwpL (3)

Three critical assumptions behind Eq. 3 are that each of the
specimens tested for different ligament lengths must
deform in a similar fashion, the ligament should be com-
pletely yielded at the onset of crack growth and the liga-
ment is in a state of plane stress. The assumptions are to
ensure most of the work of fracture are consistently con-
sumed prior to crack growth so that good linearity in
plotting wr vs. L can be obtained using Eq. 3.

In the EWF approach, it is common to employ for
DDENT specimen’s geometry [22]. For (DDENT) speci-
mens (Fig. 1) that completely fail under stable crack
growth and the ligament is entirely broken into two halves,
self-similar deformation could yield a straight line
relationship.

Experimental
Materials, blending conditions, and sample preparations

PET copolymer with IV = 0.80 dL/g and Lexan 123R PC
with melt flow rate (measured at 260 °C and 2.16 kg) of
10 g/10 min were used as the original materials. By using a
COLLIN ZK-25 co rotating twin screw extruder with a
L/D = 36 and a screw diameter of 25 mm, PC and PET were
blended in melt at temperature of 190-270 °C and a screw
speed of 130 rpm for systems without transesterification
catalysts and a screw speed of 160 when the transesterifica-
tion catalysts were used. A catalyst (when used) is initially
dispersed mechanically on polymer pellets at a concentration
of 0.05% wt/wt with respect to the final product. Samarium
acetyl acetonate (Sm(acac);-xH,O(x = 3-4)), calcium ace-
tate hydrate Ca(CH5COO),-xH,0, and zinc acetate hydrate
Zn(CH3COO0),-2H,0 were purchased from Aldrich used as a
catalysts.

Before melt blending the starting materials were dried.
PET and PC pellets were held in a PIOVAN T30IX dryer at
120 °C for 4 h. Nitrogen and vacuum were applied to
eliminate moisture. The PET amounts added were 10, 20,
and 30% w/w and the following code will be used: PC##,
where ## is the nominal PC content as shown in Table 1.

The blend films were developed using a Collin Teach
Line 20T-E single screw extruder. It is 20 mm diameter
with length to a diameter ratio of 25:1. The extruder is
connected to large tube and a rectangular manifold die of
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Table 1 Sample codes of materials used

Material %owt of PC %wt of PET Remarks

PC 100 0 -

PC90 90 10 Without catalyst
PC90Ca 90 10 Ca-based catalyst
PC90Zn 90 10 Zn-based catalyst
PC90Sm 90 10 Sm-based catalyst
PC80 80 20 Without catalyst
PC80Ca 80 20 Ca-based catalyst
PC80Zn 80 20 Zn-based catalyst
PC80Sm 80 20 Sm-based catalyst
PC70 70 30 Without catalyst
PC70Zn 70 30 Zn-based catalyst
PET 0 100 -

0.7 mm lips opening (take-off unit). Take-off post extru-
sion which produces extrudates of film shape attached to
chill rolls (Teach Rolls 72T). Before the extrusion process,
PET, PC, and blended pellets which have the same code
numbers as in Table 1 were dried in an oven at 120 °C for
4 h in the PIOVAN dryer.

The films were prepared in a melt at a temperature
profile between 150 and 270 °C with screw rotation speed
of 120 rpm at the extruder and 50 rpm at the chill rolls.
The molten extrudate is forced through a pre-defined gap in
the die and cooled down to below the melting temperature
(70 °C) so that it permanently retains a closely uniform
film thickness (=~ 0.7 mm) as it passes through the take-off
unit.

DDENT tensile specimens with a width of 60 mm, a
clamping length of 60 mm, and a thickness of ~0.7 mm
were used for the EWF measurements. They were cut from
the central zone of the films with the parallel direction
(MD) to the melt flow direction. The initial sharp cracks
were notched with a fresh razor blade. The ligament
lengths between the pre-notched cracks ranged from 5 to
20 mm with an interval of 1 mm and were measured with a
travelling microscopy after the tests.

Specimens destined for the tensile test were punched
from the film central zone to form dumb-bell shaped with
the following dimensions: 25 mm in width and 120 mm in
length. The exact thickness of each specimen was mea-
sured at five different points using a micrometer and the
average value used in subsequent calculations.

Testing
All tests were conducted at room temperature (23 °C)

using a universal testing machine with a crosshead speed of
10 mm/min. The load applied during extension was

monitored with a load cell of Galdabini material testing
instrument.

In the case of fracture tests, for each ligament length, at
least two specimens were fractured. The load—displacement
curves were recorded and the absorbed energy until failure
is calculated by a computer and all the data treatments
followed the recommendations of European Structural
Integrity Society (ESIS) for EWF technique [23]. The
essential work of fracture (w.) and plastic item (fw,,) were
determined.

For tensile tests, the Young’s modulus (E), engineering
yield stress (o,), and yield deformation (g,) were obtained
from the force—displacement curves.

A Joel JSM6400 scanning electron microscope (SEM)
was used to study the morphology of the cryogenic fracture
surfaces in the central zone of the sheet samples in a
direction parallel to the flow direction which was gold-
coated with a thickness of 0.3 mm.

Results and discussion
Tensile properties

According to results obtained as shown in Table 2, addition
of PET for PC/PET blends without transesterification cat-
alysts, does not lead to significant changes in these tensile
parameters especially at PC80 and PC70 blends. However,
there is an increase in E value at PC90 blend which defines
a significant positive deviation from the rule of mixtures.
Here the transesterification reactions generated during
mixing could be enough to promote some ‘“adhesion”
between phases due to the low interfacial surface.

The tensile properties of PC/PET blends with transe-
sterification catalysts are more or less similar to neat PC
even it is slightly increased when the Ca- and Zn-based

Table 2 Tensile test results for the neat polymers and PC/PET blends

Material E (GPa) g, (MPa) &y (%)

PC 2.18 £ 0.09 60.6 £ 1.0 5.73 £ 0.38
PC90 222 +£0.11 60.6 £ 2.6 5.46 + 0.31
PC90Ca 2.35 + 0.08 645+ 29 541 +£0.42
PC90Zn 228 £0.11 62.8 £ 04 527 £0.13
PC90Sm 2.15 £ 0.15 59.9 +£ 0.9 5.59 + 0.08
PC80 2.20 £ 0.05 61.8 £ 0.7 5.07 £ 0.09
PC80Ca 2.30 £ 0.01 635+ 1.2 5.18 £ 0.07
PC80Zn 2.46 £ 0.09 65.8 £ 19 5.20 £ 0.12
PC80Sm 2.20 £ 0.10 60.8 £ 1.0 521 £0.13
PC70 2.16 £ 0.12 59.4 £ 0.6 4.88 £+ 0.37
PC70Zn 2.34 + 0.10 63.9 £ 0.2 495 £ 0.11
PET 2.26 £ 0.12 64.1 £ 2.7 4.05 £+ 0.08
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catalysts were presented. In the case of PC80Zn and
PC90Ca, it is found that the tensile modules were enhanced
or increased by 13 and 8%, respectively. The enhancement
of tensile parameters can be explained in term of strong
interactions occurred between the PC and PET compo-
nents. This indicates that an important paper plays the
balance between interface adhesion, morphology of the
mixtures, and extension of the transesterification. By this
form, it would be reasonable to think that the copolymer
formation, preferably located in the interface of the phases,
would promote a mechanical compatibility for this type of
imposed blends.

Fracture properties
Fracture types

Depending on the nature of polymer and the blend com-
position, two types of fracture were observed during the
registration of load—displacement curves of the tested
materials as shown in Fig. 2.

Post-yielding (PY) After achieving a full ligament
yielding and blunting, starts the stable propagation of crack
tip which is a necessary condition to the validity of the
EWF technique [24]. The characteristic record corresponds
to the Fig. 2a specifies this type of fracture which was
observed exclusively on the neat PET that agrees with what
Sanchez [25] mentioned in his study.

600 T T T T T T T T T T T T T T
500 [ T
400 | a .

300 [ i

Load, P [N]

200 [ i
I

100 [

0 1 2 3 4 5 6 7 8
Displacement,d [mm]

Fig. 2 Characteristic load—displacement curves of tested materials by
using DDENT specimens and respective fracture behaviors of: a Post-
yielding (PET sample, L = 6.0 mm), b rapid crack propagation (PC
sample, L = 13.0 mm), and ¢ rapid crack propagation (PC80Sm
sample, L = 13.0 mm)
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Fig. 3 Load-displacement curve (P—d) using EWF tests and DDNET
specimens at 10 mm/min with different ligament lengths for a neat
PET and b PC70Zn

Rapid crack propagation (RCP) 1t was observed on the
neat PC and all PC/PET specimens. Initiation of crack
propagation begins before the total ligament yielding
(Fig. 2b, c).

The load—displacement curves of DDENT specimens for
neat PC, PET, and PC/PET blends during EWF tests as a
function of ligament length are shown in Fig. 3. These
curves demonstrate that the load sustained by the specimen
and its extension at break both increase, besides, the
maximum load and ultimate displacement increase with the
increase of ligament length. This is another crucial crite-
rion for the application of EWF method, which ensures that
the cracks propagated under similar stress conditions, being
unchanged with the ligament length [24, 26].

Fracture parameters

Plots of the specific essential fracture work versus ligament
lengths for the PC/PET blends were shown in Fig. 4. As
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Fig. 4 W; vs. L curves obtained for a PC90 and b PC90Ca. Solid
lines represent the linear fit of curves while the dash lines represent
the non-linear fit ones

expected, all neat polymers and PET/PC display very good
linearity and minimal scatter in the specific total fracture
work as proved by the linear regression coefficient (R%)
being in most cases higher than 0.96. According to plas-
ticity theory of Hill [27]: the maximum stress values should
be less or equal of 1.15 of yielding stress (6max < 1.150,)
Once Omax is greater than o,. All the range of ligaments
analyzed fulfils these conditions for all materials used.
The values of w. and fw,, obtained from the interception
and slope of the straight lines extrapolated to zero ligament
length, together with the regression coefficient, are listed in
Table 3. Values obtained for PET sheets are so similar to
values that have been reported for PET elsewhere. Sanchez
[25] has obtained values for w, corresponding to 51.0 kJ/m>
(same PET, but injected molded in 2 mm plates).
Karger-Kocsis et al. [28] cite values of 45-47 kJ m~2 for
w, corresponding to a PET sample of 0.5 mm thick (PET
bi-oriented). While Chan et al. [29] report a value of
54 kJ/m* for PET amorphous (copolymer). In the case of
the neat PC, it has a fracture parameters similar to those

Table 3 Measured EWF parameters of neat polymers and PC/PET
blends

Material ~Parameters
we (kKJ/m?) Bwp R? p x 100 Fracture
(MJ/m?) type
PC 224+16 28+0.1 098 87404 RCP
PC90 252+ 18 29+0.1 0976 9.5+02 RCP
PC90Ca 285+21 24+£02 0962 94+03 RCP
PC90Zn 30.6 £2.1 254+0.1 0984 81+£02 RCP
PC9OSm 2744+19 274+01 098 97 +03 RCP
PC80 243+19 32+01 0984 95402 RCP
PC80Ca 28.1£34 34+£02 0975 9.1+0.1 RCP
PC80Zn 350+44 224+03 0962 85+02 RCP
PC80Sm 309 +18 34+01 0991 9.1 +£03 RCP
PC70 259+08 38+0.1 0997 114+02 RCP
PC70Zn 30.8 +24 3.6+02 0987 94+02 RCP
PET 564 +72 11.1+05 0984 1144+02 PY

obtained by Paton and Hashemi [30] for injected plates:
we = 35-27 kl/m?, pw, = 3.0-3.5 MJ/m’), and even for
films with thicknesses of 0.175-0.520 um (w, from 29 to
44 kJ/m” and fw, between 4.2 and 2.3 MJ/m”) [30-32].
Also, according to Yuan et al. [33] w, and ﬁwp corre-
sponding to 6.64 kJ/m?* and 22.8 MJ/m?, respectively while
Sanchez [25] cites values of 31.0 kJ/m? for we and 3.1
MJ/m® for pw,. The difference in w, and fw, values that
can be found in the literature may be related to material
specifications, i.e., molecular weight, molecular weight
distribution, and viscosity or related to differences in
sample thickness, testing speed, and bi-orientation degree,
among others.

Blends without transesterification catalysts exhibit a
slight increase on the w, compared with neat PC. However,
considering the error bars, it could be seen that although
this trend, the values seem to no change between, giving an
almost constant value of about 25 kJ/m?. The non-depen-
dence trend observed reflects the poor adhesion between
the phases. Cavitation of the dispersed phase (PET) makes
the crack propagation become dictated by the matrix,
without apparent synergy. The fact that w, value is greater
than observed for neat PC (13% increasing), reveals that
the work invested in the generation of new free surface is
increased.

For PC/PET blends with transesterification catalysts, all
we values of these systems lie in between of that values of
neat PET and neat PC ones. In general, addition of
transesterification catalysts to these blends enhances w,
fracture parameter values in comparison with neat PC or
blends without catalysts. The presence of Zn-based catalyst
in the blend promotes the greater enhance of w. values
compared with Ca- or Sm-based catalyst systems. Thus,
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compared with neat PC, the addition of Zn-based catalyst
increases the w, by about 37, 56, and 38% for PC90, PC80,
and PC70, respectively. By the same trend, the existence of
Ca- or Sm-based catalyst leads to increase w, in general
from 27% for PC90Ca to about 38% for PC80Sm com-
pared with neat PC (22.4 £ 1.6 kJ/m?). This is confirmed
by the tensile test results obtained (Table 2) which dem-
onstrates higher values for E and o, in the case of blends
with catalysts compared with neat PC.

Fig. 5 An optical micrograph
of the outer fracture process
zone (OFPZ) on: a PET, and
b PC80Sm

2 mm

Fig. 6 SEM micrographs of the
fracture surfaces of the OFPZ
for PC80 blend before and after
test. Scale bar 10 pm. Arrows
indicate direction of loading
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In the literature and regard to our knowledge, there is no
work or study dedicated on the fracture behavior of PC/
PET blends at low PET content. Therefore, to give an
interpretation to the significant enhance of w. values
compared with neat PC or blends without transesterifica-
tion catalysts, the role and the effect of the transesterifi-
cation reaction in these systems should be analyzed. It is
known that the copolymer product of the transesterification
reactions works like emulsion/compatibilizer between the
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PC-rich phase and unreacted PET and so enhances the
interfacial adhesions and reduces the interfacial tension
between the two immiscible or incompatible component
phases [9, 34, 35].

Although Sm-based catalyst was found the more active
one, its activity may cause two effects: increase the degree
of interchange reaction and so enhances the interaction
between PC and PET phases by one hand but by the other
hand, it may increase the degradation rate which could be
supported by the evidences obtained with rheological
measurements as explained in other study [19]. The com-
petition between those two factors determines the fracture
behavior of PC/PET blends containing Sm-based catalyst
like PC90Sm system.

For non-essential term (fw,) and as can be seen in
Table 3, for blends without transesterification catalysts,
there is a slight increase with increasing PET content
compared with neat PC. It should be indicating that
mechanically the system is working in “Iso-stress” con-
ditions (each phase deforms independently). Addition of
catalyst shows no clear trend. It seems that some mor-
phological feature dependency is observed. The observed
trend should be understood analyzing the geometrical
factor of the outer fracture process zone (OFPZ) (f3),
associated to the volume of the influence zone where
irreversible (dissipative) process takes place. According to
the diamond shape of the plastic zone in all materials tested
(Fig. 5), p = h/2L where h is the height of the plastic zone.

As can be seen in Table 3,  values are maxima (and
higher than PC one) for blends without transesterification

Fig. 7 SEM micrographs of the
fracture surfaces of the OFPZ
for PC70 blend before and after
test. Scale bar 10 pm. Arrows
indicate direction of loading

catalysts, increasing with PET content. This could be
related with the increase of PET phase size. As the size of
dispersed phase increases the specific interfacial area
between phases decreases. If adhesion between these par-
ticles is not enough, its cavitations probability increases.
After cavitation the amount of matrix under triaxiality
release condition is higher. As this stress state promotes
shear yielding in the matrix the OFPZ should increase
(higher f value).

The PC-PET copolymer generated by interchange
reaction (transesterification) acts as emulsifier and com-
patibilizer, lowering the PET dispersed phase size and
increase its adhesion to the PC matrix [19]. Under this
situation it would be expected that cavitation and/or matrix
shear yielding decrease. It seems that this trend is followed
by PC80 and PC70 systems. Support of this effect would be
observed by the observation of the fracture surface in the
OFPZ region (Figs. 6 and 7), where the amount of tear
surface is clearly lower with the addition of catalyst.

For PC90 no substantial effect is observed, excepting for
Zn-based catalyst, in the f§ value, all of them higher than
neat PC. Analyzing the fracture surface of the OFPZ zone
(Fig. 8), it could be observed that the amount of cavitated
PET phase is low (perhaps somewhat higher for system
without transesterification catalysts), while a clear fibril
feature is observed and associated to PET droplet defor-
mation (excepting PC90Zn).

This observation leads us to think that the degree of
adhesion in all these blends seems to be higher than
other systems (including that without transesterification

PC70Zn |4
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Fig. 8 SEM micrographs of the
fracture surfaces of the OFPZ
for PC90 blend before and after
test. Scale bar 10 pum. Arrows
indicate direction of loading

catalysts). At this point, it could say that, for this low PET
content, the amount of PC-PET generated (even for blends
without catalysts due to residual polymerization catalyst) is
enough to assure the adhesion between phases due to the
high specific area obtained in the dispersed phase. By other
side, it could be inferred that the irreversible (dissipative
energy) process in the OFPZ zone for this blends would be
associated mainly with the PET droplet deformation, and in
some extent would be influenced by its strain induced
crystallization.

For PC80 and PC70 system, addition of transesterifica-
tion catalysts clearly decreases the OFPZ size (decrease on
p) clearly observed for PC80 and PC70 system. This could
indicate that cavitation becomes restricted due to the better
interaction between phases (higher adhesion): PC matrix
and “hard” PET droplets. Evidences of these cavitation
and adhesion effect of catalyst could be observed in
Figs. 6 and 7.
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Conclusion

EWF method using DDENT specimens has been success-
fully applied to study the fracture toughness for blends of
PC with PET rich in PC in the presence and absence of
three different transesterification catalysts.

The specific essential work of fracture and the specific
non-essential work of fracture were both found to be
strongly depending on the presence of transesterification
catalyst and the amount of PET phase used. The modulus,
yield stress, specific essential work of fracture, and specific
non-essential work of fracture values of blends contain
transesterification catalysts are higher than these without.
Interestingly, the specific essential work of fracture did not
exhibit the same tendency.

Acknowledgements The authors express their thanks to Ministerio
de Asuntos Exteriores y de Cooperacion — Agencia Espafiola de



J Mater Sci (2010) 45:2907-2915

2915

Cooperacion Internacional (AECI) for the funding of a doctoral
research scholarship.

References

L.

W

10.
11.

12.

16.
17.

Nadkarni VM, Rath AK (2002) Handbook of thermoplastic
polyesters: homopolymers, copolymers, blends, and composites.
Wiley-VCH Verlag GmbH, Germany

. Pilati F, Marianucci E, Berti C (1985) J Appl Polym Sci 30:1267
. Nassar TR, Paul DR, Barlow JW (1979) J Appl Polym Sci 23:85
. Linder M, Henrichs PM, Hewitt JM, Massa DJ (1985) J Chem

Phys 82:1585

. Makarewics PJ, Wilkes GL (1979) J Appl Polym Sci 23:1619
. Abis A, Braglia R, Camurati I, Merlo E, Natarajan KM, Elwood

D, Mylonakis SG (1994) J Appl Polym Sci 52:1431

. Suzuki T, Tanaka H, Nishi T (1989) Polymer 30:1287
. Fakirov S (1999) Transreactions in condensation polymers.

Wiley-VCH Verlag GmbH, Germany

. Zhang GY, Ma JW, Cui BX, Luo XL, Ma DZ (2001) Macromol

Chem Phys 202:604

Murff SR, Barlow JW, Paul DR (1984) J Appl Polym Sci 29:3231
Ignatov VN, Carraro C, Tartari V, Pippa R, Scapin M, Pilati F,
Berti C, Toselli M, Fiorini M (1996) Polymer 37:5883
Marchese P, Celli A, Fiorini M (2002) Macromol Chem Phys
203:695

. Garcia M, Eguiazabal JI, Nazabal J (2001) J Appl Polym Sci

81:121

. Fraisse F, Verney V, Commereuc S, Obadal M (2005) Polym

Degrad Stab 90:250

. Maspoch MLI, Henault V, Ferrer-Balas D, Velasco JI, Santana

OO0 (2000) Polym Test 19:559
Hashemi S (1997) Polym Eng Sci 37:912
Karger-Kocsis J, Czigany T (1996) Polymer 37:2433

18.

19.

20.
21.
22.
23.
24.

25.

26.

27.

28.

29.
30.

31
32.

33.
34.

35.

Mai YW, Cotterell B, Horlyck R, Vigna G (1987) Polym Eng Sci
27:804

Al-Jabareen A (2009) Poly(ethylene terephthalate)/polycarbonate
blends prepared by reactive extrusion: thermal and mechanical
characterization. Universitat Polytecnica de Catalunya, Barce-
lona, Spain

Mai YW, Cotterell B (1986) Int J Fract 32:105

Broberg KB (1968) Int J Fract 4:11

Karger-Kocsis J, Czigany T, Moskala EJ (1997) Polymer 38:4587
Clutton EQ (2000) In: Williams JG, Pavan A (eds) ESIS TC4
experience with the essential work of fracture method. European
Structural Integrity Society, Elsevier Science Ltd, Oxford
Maspoch MLI, Gamez-Pérez J, Gordillo A, Sanchez-Soto M,
Velasco JI (2002) Polymer 43:4177

Sanchez JJ (2003) Comportamiento térmico y mecdnico del
poli(etilén tereftalato) (PET) modificado con resinas poliméricas
basadas en bisfenol-A. Uinversitat Polytecnica de Catalunya,
Barcelona, Spain

Li Z-M, Yang W (2004) Macromol Mater Eng 289:426

Moore DR, Pavan A, Williams JG (2001) Fracture mechanics
testing methods for polymers, adhesives and composites. ESIS
Publication 28, Elsevier Science Ltd, Amsterdam, Holland
Karger-Kocsis J, Moskala EJ, Shang PP (2001) J Therm Anal
Calorim 63:671

Chan WYF, Williams JG (1994) Polymer 35:1666

Paton CA, Hashemi S (1992) J Mater Sci 27:2279. doi:10.1007/
BF01105033

Hashemi S (1993) J Mater Sci 28:6178. doi:10.1007/BF00365040
Hashemi S (2000) J Mater Sci 35:5851. doi:10.1023/A:102670
4323702

Yuan YL, Wu CML, Li RKY (2007) Polym Test 26:102

Sikka M, Pellagrini NN, Schmitt EA, Winey KZ (1997) Macro-
molecules 30:445

Kulasekere R, Kaiser H, Ankner JF, Russell TP, Brown HR,
Hawker CJ, Mayes AM (1996) Macromolecules 29:5493

@ Springer


http://dx.doi.org/10.1007/BF01105033
http://dx.doi.org/10.1007/BF01105033
http://dx.doi.org/10.1007/BF00365040
http://dx.doi.org/10.1023/A:1026704323702
http://dx.doi.org/10.1023/A:1026704323702

	Essential work of fracture testing of PC-rich PET/PC blends  with and without transesterification catalysts
	Abstract
	Introduction
	Essential work of fracture (EWF)
	Experimental
	Materials, blending conditions, and sample preparations
	Testing

	Results and discussion
	Tensile properties
	Fracture properties
	Fracture types
	Post-yielding (PY)
	Rapid crack propagation (RCP)

	Fracture parameters


	Conclusion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


