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ABSTRACT: Methylene diphenyl diisocyanate (MDI)
affects the morphology, rheological, mechanical, and relax-
ation properties, as well as tendency to crystallize of PET
in PET/PC/(PP/EPDM) ternary blends produced by the
reactive extrusion. Irrespective of the blend phase struc-
ture, the introduction of MDI increases the melt viscosity
(MFI dropped), resulting from an increase in the molecular
weight of the polymer chains; the PET crystallinity was
also reduced. MDI favors compatibility of PET with PC in
PET/PC/(PP/EPDM) blends. This is explained by intensi-
fied interphase interactions on the level of segments of
macromolecules as well as monomer units. The presence
of MDI causes a substantial rise in the dynamic shear
modulus within the high-elastic region of PET (for temper-
ature range between Tg,PET and that of PET cold crystalli-
zation); the processes of PET cold crystallization and melt
crystallization become retarded; the glass-transition tem-

peratures for PET and PC become closer to each other.
MDI affects insignificantly the blend morphology or the
character of interactions between the disperse PP/EPDM
blend and PET/PC as a matrix. PP/EPDM reduces the in-
tensity of interphase interactions in a PET/PC/(PP/
EPDM), but a rise in the degree of material heterogeneity.
MDI does not change the mechanism of impact break-
down in the ternary blends mentioned above. Increased
impact strength of MDI-modified materials can be
explained by higher cohesive strength and resistance to
shear flow at impact loading. VC 2010 Wiley Periodicals, Inc. J
Appl Polym Sci 119: 225–234, 2011
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INTRODUCTION

PET is considered as one of the most important engi-
neering polymers. Despite the fact that its major
fields of application are fibers, films, and containers
for packing, more and more attention has been paid
to finding next spheres for its application, including
various engineering composites also those in which
post-consumer and industrial wastes are used.1–3

Representatives of such materials are PET/PC
blends; their development and study have caused
much interest.4–8 PET added to PC makes the latter
more resistant to organic solvents, provides an oppor-
tunity to control the flow viscosity of the molten blend,
and reduces the material’s cost. PC is helpful in
increasing PET’s impact strength and improves dimen-

sional stability under operating conditions. PET/PC
blends show active interphase interactions, which
allows them to be referred to as partly compatible.4,9

Improved compatibility of PET and PC in their binary
blends results, probably, from transesterification and
the interchange reaction, which can also take place
between the components (ester-ester) during melt
processing at blending of components in the melt.10,11

Nevertheless, melt blending of PET and PC usu-
ally results in a two-phase mixture.12–14 However,
interphase adhesion in mixtures and formation of a
‘‘quasi-homogeneous’’ morphology4 reduce the PET/
PC impact strength, which makes them impossible
to be considered as impact-resistant materials at
temperatures below PET-glass-transition, Tg, PET.
Only between Tg, PET and Tg, PC, the blends show an
increased resistance to impact failure and can be
considered impact-resistant materials. The reason for
this is dissipation of energy of crack propagation in
the PET-amorphous phase when PET is in a high-
elastic state.4 For practical applications, therefore,
most suitable are PET/PC blends containing impact
strength modifiers (ISM).9,15
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Another problem, at compounding and process-
ing of PET/PC molten blends, is to prevent hydro-
lytic and thermal degradation of polyesters being
blended. This problem results, first of all, from the
fact they are usually processed at 270�C or higher
because PET0s melting temperature is high; at this
temperature the rate of reactions leading to degra-
dation is extremely high.16 Such degradation causes
reduction in the molecular weight and thermal sta-
bility, and decreases mechanical properties, which
reduce the possibility of reprocessing of polyester
materials.3

Completion of polycondensation processes that
run in a solid phase above Tg, PET, but below PET’s
melting temperature, Tm PET, is one of the ways to
prevent a negative effect of macromolecular break-
down on the properties of polycondensation ther-
moplastics, among them PET and PC.2,11–21 High
technological expenses required for solid-state addi-
tional polycondensation, however, make reprocess-
ing of raw polyester materials unprofitable by this
method.

In the recent 20 years, alternative technologies
have been developing for polyesters modification;
they have essential advantages against solid-state
additional polycondensation. These technologies are
based on chemical transformations of the polymer
chains in molten polyesters; such transformations
take place after some bi- or multifunctional chemical
compounds have been introduced that act as chain
extender (CE).22–28 CEs interact mostly with func-
tional end groups of polyester and link them with
one another; the molecular weight does not become
lower, it somewhat becomes higher. The interactions
of the polymer with CE have been found effective if
run in the melt using the reactor-extruder.17,29,30 A
vacuum treatment and special catalysts is usually
employed.31

A similar technology realized using extruders
becomes economically advantageous for processing
polyester materials. Its capabilities, however, have
been investigated mainly for certain types of polyest-
ers or their binary blends.

The effectiveness of MDI as a CE for PET/PC bi-
nary blends has been reported elsewhere.5 It has
been found that MDI may lead to PET/PC copoly-
mers, improve components compatibility and decel-
erate PET crystallization in the blend. There has
been observed some rise in the material impact
strength. That work described only PET/PC-30 wt %
blended composition in which PET made the dis-
perse phase. The MDI concentration was varied
between 0.1 and 1.0 wt %. MDI concentrations
between 0.9 and 1.0 wt % were found to give a max-
imum effect in raising the molecular weight of the
components’ in blend along with improvements in
other properties.

It was of interest to understand the role of MDI as
CEs in PET/PC blends of a more complex composi-
tion that contain ISMs besides the basic components.
Another aim was to establish how the phase struc-
ture of a blend affects efficiency of modifiers, struc-
tural features, and mechanical properties of material
when ISM and CE were introduced jointly.

EXPERIMENTAL

Materials and sample preparation

One basic component was PET produced commer-
cially at Mogilev Khimvolokno (Khimvolokno Comp.,
Mogilev/Belarus), Belarus (Grade PET-8200),
designed to make bottles for soft drinks or other types
of packages; intrinsic viscosity, 0.882 dL/g; concentra-
tion of end carboxyl groups, 22.8 mmol/kg; glass-tran-
sition temperature, Tg,PET ¼ 76.5�C, and solubility pa-
rameter 21.2 (J/cm3)0.5 (here and below the solubility
parameter values have been calculated from the chem-
ical structure of the elementary units of macromole-
cules).32 Another basic component was PC produced
at Zarya, Volgograd/Russia [molecular weight � 35
kg/mol; Tg,PC ¼ 144.5�C, solubility parameter, 19.4 (J/
cm3)0.5]. ISM was an elastomer like PP/EPDM based
on a blend of polypropylene and ethylene-propylene-
diene rubber (solubility parameter, � 16.8 (J/cm3)0.5,
melting temperature of the polypropylene component,
Tm,PP ¼ 165�C; crystallization temperature, Tcr,PP ¼
110.5�C; MFI ¼ 2.8 g/10 min at T ¼ 190�C, P ¼ 21.6 N,
Dc ¼ 2.095 mm; tensile strength, 17 MPa; relative elon-
gation at break, 600%; glass-transition temperature, Tg

¼ �39�C (elastomeric phase) and Tg2¼ �2�C (PP-com-
ponent)), Figure 1.
The PP/EPDM concentration in all of the composi-

tions tested was constant, 5 wt %. The CE, as in an ear-
lier work,5 was chemically pure MDI (OCNA
C6H4ACH2AC6H4AOCN, molecular weight, 250 g/
mole; solubility parameter, 22.0 (J/cm3)0.5; the NCO

Figure 1 Temperature dependences of mechanical loss
tangent (tan d) and dynamic shear modulus (G0) for PP/
EPDM.
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concentration, 33.6 wt %; density, 1.2 g/cm3; boiling
point, 314�C); its concentration was constant, 1 wt %.
The compositions of the test materials are listed in Ta-
ble I.

Both binary and modified blends have been com-
pounded using the extrusion-granulating line based
on the twin-screw extruder TSK-35/40 (China);
screw diameter 35 mm; L/D ¼ 40; 10 heating zones;
one zone for vacuum treatment. The melt tempera-
ture in the extrusion zone was 265�C.

To measure mechanical properties of the test materi-
als, samples were injection molded on machine EN-30
(Taiwan); screw diameter, 35 mm; shot volume, 30
cm3. The mold temperature was set at 40�C.

The investigation by relaxation spectrometry was
performed on test samples as bars measuring 50 mm
� 5 mm � 1 mm. They were prepared on the labora-
tory injection molding machine of plunger type with
a shot volume of 2.5 cm3. The mold temperature
was 40�C. The central part of plates was also used to
prepare samples for testing by the differential scan-
ning calorimetry (DSC) technique .

Granulated components dried to residual moisture
content below 0.02% were used to compound the
blend materials and make test samples.

Characterization

The mechanical properties of materials under tensile
stresses have been determined using dog-bone sam-
ples with a neck measuring 50 mm � 5 mm � 3 mm
and the Instron 5657 testing machine (Great Britain).
The Charpy impact strength has been measured on
sharply notched samples as bars in a size of 80 mm
� 10 mm � 4 mm using the pendulum hammer
PSW-1.5 (Germany). The rheological properties of
the melts were judged by MFI-values found at T ¼
265�C, P ¼ 21.6 N; Dc ¼ 2.095 mm (instrument IIRT-
AM, Russia).

The structural morphology of the materials was
learned from SEM micrographs taken of fractured

surface of the central part of the bars after they had
been exposed in liquid nitrogen for 30 min. The
scanning electron microscope was VEGA II LSH
(Czech Republic). The same microscope was also
employed for analyzing the failure mode of the bars
tested on the pendulum hammer device for impact
strength at T ¼ 23�C. SEM micrographs were taken
of the notched central part of the working area of
bars. The DSC was performed using the instrument
DSM-10M (Russia) at a heating/cooling rate of
16�C/min; the weighed samples were 10 mg each.
The dynamic mechanical (relaxation) properties of

the materials have been understood in terms of anal-
ysis of temperature dependences of mechanical loss
tangent (tan d) and dynamic modulus of samples
under shear stresses (G0). The tests were conducted
similar to other works4,33 making use of the reverse
torsion pendulum designed at MPRI NAS (Belarus);
the pendulum frequency was 1 Hz. The measure-
ment accuracy of temperatures was 0.1�C, that of tan
d, 63%; and G0, 61%.
The resistance of materials to hydrolysis was

found from analyzes of variations in MFI-values af-
ter the granules of materials under discussion had
been soaked in water at 95�C for a definite span of
time. MFI-values have been measured at T ¼ 265�C,
P ¼ 21.6 N; Dc ¼ 2.095 mm.

RESULTS AND DISCUSSION

Mechanical and rheological properties of the blend

The properties of blends, containing PP/EPDM
much differ from properties of PET/PC binary

TABLE I
Compositions of Test Materials

Composition
No. Components and their concentration (wt %)

1 PET
2 PC
3 PET/PC – 25%
4 PET/PC – 50%
5 PET/PC – 75%
6 PET/PC – 25%/(PP/EPDM) – 5%
7 PET/PC – 50%/(PP/EPDM) – 5%
8 PET/PC – 75%/(PP/EPDM) – 5%
9 PET/PC – 25%/(PP/EPDM) – 5%/MDI – 1%

10 PET/PC – 50%/(PP/EPDM) – 5%/MDI – 1%
11 PET/PC – 75%/(PP/EPDM) – 5%/MDI – 1%

TABLE II
Mechanical and Rheological Properties of Materials

Composition
No.

MFI
(g/10 min)

rHF

(MPa)
rLF

(MPa)
Kwf

(%)
er
(%)

a
(jJ/m2)

1 23.0 55 30 100 232 7.4
2 6.1 68 53 98 126 16.6
3 16.9 59 38 97 242 8.7
4 12.5 62 43 97 187 9.9
5 9.8 64 46 98 143 11.7
6 22.1 53 34 87 180 17.7
7 17.0 55 38 84 140 19.6
8 13.3 56 42 86 146 48.3
9 18.0 54 35 95 214 19.0

10 14.1 56 39 94 142 21.4
11 11.2 54 43 90 150 49.5

Here and in subsequent Tables and Figures materials
markings are as in Table I; rHF, rLF, and er are high and
low flow limits, and relative elongation at break, respec-
tively; Kwf is weld flow strength coefficient of the weld
(melt) flows at injection molding found from expression:
Kwf ¼ rHF2/rHF1�100%, where rHF1 and rHF2 are, respec-
tively, high flow limit for injection molded the dog-bone
samples made by injection at one end and at two ends; a
is Charpy impact strength measured on sharp-V-notched
samples at 23�C.
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blends (Table II). Binary blends are characterized by
higher strengths and strength coefficients of weld
flows, Kwf, approaching 100% at injection molding.
However, they show a much lower value of impact
strength (a) for the notched samples.

Properties of PET/PC/(PP/EPDM) — blends
altered noticeably after MDI-1 wt % had been
added, irrespective of the phase structure. It should
be mentioned that in PET/PC blends containing PC-
25 wt %, PET creates the disperse medium; with PC-
50 wt %, there exist two continuous phases — PET
and PC; whereas with PC-75 wt %, PC makes the
disperse medium in the blend.9 Blends modified
with MDI have a somewhat higher level of mechani-
cal properties — rHF, rLF, er, and a — against ter-
nary blends, Table II. There is a fall in MFI-values
for all of the compositions. This fact is indicative of
MDI-efficiency as a CE in the blends under consider-
ation.5 Consequently, the absence of PP/EPDM in
PET/PC blends is not harmful for MDI activity as a
CE for polyester materials. It is worth noting that
despite a lower MFI (higher melt viscosity), MDI-
modified blends show a higher Kwf. As this property
much depend on both the melt viscosity and inten-

sity of adhesional interactions between the phases in
thermodynamically immiscible (or partly miscible)
polymers, it can be assumed that MDI decreases
MFI and intensifies interphase adhesion in PET/PC
blends leading to better components miscibility.
The analysis of dependence between impact

strength and composition, Table II, has shown that
MDI raises a-values irrespective of the phase struc-
ture of blends. According to SEM findings, Figure 2,
the failure character of samples under impact load-
ing does not virtually change with addition of MDI:
the appearance of failed surfaces changed negligibly
— independently of a-values. Folds appear on the
fractured surface, which is typical of materials that
fail by the shear flow mechanism.4 These folds are
formed by the quasi-homogeneous PET and PC
phase; ISM (PP/EPDM phase) in the fracture zone
becomes agglomerated into spherulite-like particles
having the size of tenths of a micrometer up to sev-
eral micrometers. It is clear that ISM particles do not
break-down by crack propagation.
The whitened zone resulting from multiple crazes

generated by impact loading occupies only a small
area (�10%) of the fractured surface. In view of this,

Figure 2 SEM micrographs of impact fractured blend surfaces at 23�C.
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it can be assumed that failure follows the mecha-
nism of shear flow and not multiple crazing.4,33 Con-
sequently, enhanced impact strength of the blends
containing MDI results, probably, from enhanced
mechanical strength and resistance of PET/PC blend
matrix to shearing strain. PP/EPDM-particles dis-
persed in the blend matrix volume favor dissipation
of impact failure energy, also at the expense of a
larger area of the fractured surface.

Differential scanning calorimetry

Mechanical properties of PET-based blend materials
largely depend on crystallizing tendency of PET. A
higher rate of its crystallization and higher crystal-
linity may reduce blend plasticity as well as impact
strength.4

Figure 3 and Table III show analytical results on
PET crystallizability in tested blend materials against
neat polyester. The main finding is that MDI in a
blend decelerates the crystallization rate and
decreases crystallinity of PET in ternary blends. The
extent to which MDI affects PET crystallizing tend-
ency depend on blend composition: the higher PC
concentration, the greater the role of MDI. This can
be explained by the fact that in PET/PC/(PP/
EPDM) ternary blends, PET undergoes slower crys-
tallization — compared with neat polyester — owing
to its interactions with PC.4 The growing effect of
MDI upon PET crystallizability with increasing PC
concentration in PET/PC/(PP/EPDM) ternary
blends is indicative of preferential interactions of
MDI with PET macromolecules, and not with PC. A
reason for this may be not only a higher reactivity of
PET-end groups toward MDI,34 but also improved
solubility of MDI in PET, in contrast with PC
(because of higher PC melt viscosity and greater dif-
ference in solubility parameters between PC and
MDI than between PET and MDI). That is why, with
increasing PC concentration in a blend, diisocyanate
concentration in PET-phase increases.
The influence of MDI in PET crystallization

becomes clear when the DSC-curves of heating/cool-
ing procedure have been analyzed, Figure 3, TableIII.
The PET cold crystallization temperature rises by 3–
9oC with respect to the ratio of basic components;
when crystallized from the melt, the extent of melt
overcooling is 12.3–19.2oC to ensure PET crystalliza-
tion. The crystallinity drops 1.1–2.1 times, Table III.
It should be mentioned that MDI little affects Tm,PET

— values, which evidences to unchanged crystalliza-
tion mechanism for PET in the tested materials. In
PET/PC binary blends, PET’s crystallization also
somewhat decelerates against ternary blends, PET/
PC/(PP/EPDM). A reason for this may be

Figure 3 DSC-curves for polyester materials: (a) heated
and (b) cooled samples.

TABLE III
DSC-Results Obtained for Polyester Materials

Composition
No

Cold crystallization at
heating Melting

Crystallization at
melt cooling

a (%)Tc,cr (
�C) DHc,cr (J/g) Tm (�C) DHm (J/g) Tcr (

�C) DHcr (J/g)

1 130.4 28.2 253.3 44.1 194.4 27.7 11.0
3 144.9 8.0 251.1 26.6 177.4 32.7 17.2
4 145.2 6.3 248.6 17.8 168.7 15.5 16.0
5 148.1 1.9 249.5 7.6 170.0 13.8 16.0
6 139.5 15.5 251 25.2 177.8 25.9 9.5
7 143.6 13.1 252.8 18.8 182.3 25.8 8.2
8 139.0 7.4 249.5 9.2 179.9 8.6 5.5
9 145.3 12.0 250 21.1 165.5 29.3 8.9

10 146.6 10.8 248.9 13.4 169.0 14.5 3.9
11 148.0 4.5 252.5 5.7 160.7 8.5 3.4

Crystallinity a ¼ (DHm – DHc, cr)ċ100%/(k�DHm*), where DHm is latent melting heat;
DHa,cr is latent heat of cold crystallization, DHm* ¼ 144.664 J/g is latent melting heat for
100%-crystallinity PET; k is PET content in material, wt parts.
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plasticization caused by PP/EPDM. Tm,PP/EPDM is
165oC, which is lower than Tcr,PET in the blends. Very
likely, that PP/EPDM melt being incompatible with
any of the basic components of the blend — owing to
a great difference in solubility parameters — gets con-
centrated in zones of interphase contact and promotes
PET-higher molecular mobility, thus making PET crys-
tallize easier in ternary blends than in binary ones.

It can be concluded, therefore, that in MDI-modi-
fied blends diisocyanate acts as a CE and increases
PET’s molecular weight; also it evidently helps to
form copolymers by interacting with chain end
groups of PET and PC.5 As a result, molecular mo-
bility of PET becomes restricted, and its crystalliza-
tion is decelerated. Addition of MDI to PET/PC/
(PP/EPDM) ternary blends can be one of the effec-
tive ways to make PET amorphous in blend
materials.

Dynamic mechanical properties and interphase
events in blends

The relaxation spectrometry technique appears use-
ful for studying changes in dynamic mechanical
properties of blends over a wide temperature range
for obtaining experimental data that could show
compatibility as well as specificity of interphase
interactions in the blends.4,9,33–36

The analysis of Figure 4 and Table IV has allowed
to make important inferences about the MDI effect
on relaxation behavior, compatibility, and interphase
interactions in PET/PC/(PP/EPDM) ternary blends.

For example, Table IV shows that addition of MDI
causes values of Tg, PET and Tg, PC to approach each
other. A decrease in DTg results mainly at the
expense of lower Tg, PC and not of higher Tg, PET.
This can be explained by enhanced components
compatibility because of MDI and by the fact that
PET-amorphous phase has plasticized PC, because
PET has lower Tg-values.

It is important to note that the glass-transition
temperature (Tg) values, determined with the
reverse torsion pendulum device, characterize the
temperature of mechanical glass-transition.35 Tem-
perature values of the mechanical glass-transition
are always somewhat higher than those of the
structural glass-transition, which in their turn
depend on the heating/cooling rate of the sample.
The temperature values of the mechanical or struc-
tural glass-transition may be equally used in com-
parative testing of identical samples under identical
thermal conditions.35

On introducing MDI, the values of the main maxi-
mum of b-relaxation shift noticeably (by 3.5 to 5.4�C)
to the lower-temperature region. The kink in the
peak maximum of b-relaxation at T ¼ –40�C follows
from superposition of PP/EPDM elastomeric phase

glass-transition on b-relaxation in basic components
of the blend (Tg, PP/EPDM ¼ –39�C, Figure 1). This is
supported by the fact that no kinks have been
observed in temperature dependences of tan d for
PET/PC binary blends. The shift of Tb-values to the
lower-temperature region (toward Tg, PC) for MDI-
containing blends, unlike that for PET/PC/(PP/
EPDM) ternary blends, is indicative of intensified
interphase interactions at the level of monomer units
caused by diisocyanate. Lower Tb-values predeter-
mine a possibility for designing more frost-resistant
materials — with lower brittleness temperature —
based on MDI-modified blends.
As MDI causes a strong effect on location of the

glass-transition peak for basic blend components
(PET and PC), it is quite evident that diisocyanate in
the tested blends affects interphase interactions at
the level of polymer chain units, along with segmen-
tal interactions that are of cooperative nature.
The most important consequence of MDI in PET/

PC/(PP/EPDM) ternary blends is much higher
dynamic shear modulus in the region where PET is
in a high-elastic state (between Tg, PET and PET cold
crystallization temperature in the blend being
� 120�C). For quantative estimation of this effect,
Table IV lists DG0

100-values approximately equal to
G0-values of the materials when PET undergoes
devitrification in the blends.
After PET has undergone devitrification and blend is

heated up to � 120�C, the PET-amorphous phase
undergoes cold crystallization, which leads to higher
values of G’, Figure 4(b,d,f,h); Table IV. The addition of
MDI to the blend material causes sharp deceleration in
PET cold crystallization down to its complete suppres-
sion in PET/PC – 75%/(PP/EPDM) – 5%/MDI – 1%;
for this blend DG0

CC ¼ 0, Table. III. Higher values of
DG’100 result evidently from intensified interphase
(segmental) interactions between amorphous PC and
amorphous phase of devitrified PET. It is because of
increased interphase adhesion, along with reciprocal
partial components dissolution – which restricts seg-
mental mobility — that PET cold crystallization in
MDI-containing blends becomes retarded (or sup-
pressed). Earlier works9,37,38 had reported about deci-
sive influence of segmental mobility on crystallizability
of partly crystalline thermoplastics.
The data analysis of Figure 4 and Table IV shows

that PP/EPDM weakens the interphase interactions
in PET/PC blends: DTg for binary blends are much
lower than those for ternary ones; besides, Tb for bi-
nary blends are shifted by 1.7 to 3.2�C to the lower-
temperature region (closer to Tb, PC). This results in
enhanced impact strength of ternary blends against
binary ones. Binary blends of thermoplastics with
strong interphase interactions have quasi-homoge-
neous structure and cannot dissipate energy under
impact stresses.4,9
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Structural morphology

Fracture of samples of the blend materials was done
under liquid nitrogen; next SEM micrographs were an-

alyzed to see that morphologically all of the blends
looked identical. PP/EPDM forms spherical particles in
the PET/PC quasi-homogeneous matrix; the particle
size varies from fractions of a micrometer to 3 to 4 lm.

Figure 4 Temperature dependences of tan d and G0 for PET and PC (a, b), and blends containing PC-25 wt % (c,d); 5 wt %
(e,f), and 75 wt % (g,h). [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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TABLE IV
Parameters Characterizing Relaxation Properties of Polyester Materials

Composition No. Tg, PET (�C) Tg, PC (�C) DTg (
�C) Tb (�C) G0

100 (MPa) DG0
CC (MPa)

1 76.5 �61.3 8 82
2 144.5 �87.28 795
3 75,6 132.3 56.7 �71,0 107 52
4 76,6 136.2 59.6 �72,8 311 45
5 77,1 138.4 61.3 �80,0 473 0
6 76.8 141.0 64.2 �66.8 43 93
7 78.0 141.2 63.2 �71.7 136 166
8 77.6 141.6 64.0 �76.9 308 84
9 74.3 132.0 57.7 �70.4 65 60

10 78.0 135.0 57.0 �74.2 158 59
11 78.2 138.0 59.8 �82.3 437 0

DTg ¼ Tg,PC – Tg,PET; Tb is temperature of main maximum in b-relaxation temperature region; G0 is dynamic shear mod-
ulus at 100�C; DG0

CC is increase in G0-values against G0
100 caused by PET cold crystallization.

Figure 5 SEM micrographs of fractured surfaced of blend samples after they had been cooled in liquid nitrogen.
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There are few larger particles. No traces of foreign
matter are present on PP/EPDM particles, which
means an absence of strong interactions between the
modifier of impact strength and the blend matrix-
PET/PC – irrespective of type and phase structure
of the blend. Consequently, MDI mostly modifies
the basic components of PET/PC matrix and not
PP/EPDM or its interactions with the polyester
matrix.

Effect of MDI on resistance of polyester blends to
hydrolysis

Table V lists the estimated data on the effect of
water soaking at 95�C on MFI for ternary and MDI-
modified polyester blends.

It is clear that at an early stage of hydrolysis (sH2O

¼ 2 days) MDI decreased somewhat independently
of blend composition. One of the causes is that water
washes out the low-molecular-weight products from
the bulk material. MFI-values rose with longer sH2O.
This is explained by hydrolytic degradation of poly-
ester (evidently, mostly PET). MFI-values for MDI-
containing compositions are lower than those for
MDI-free materials irrespective of hydrolysis dura-
tion. This observation is explained by an increased
resistance to hydrolysis of MDI-modified blends.

CONCLUSIONS

Reactive blending of PET, PC, and PP/EPDM-5 wt
% (used as ISM) plus MDI-1 wt % causes consider-
able variations in molecular structure and major
properties of resultant materials.

Irrespective of the blend phase structure, MDI
rises melt viscosity (decreases MFI-values) of materi-
als, which is explained by increased molecular
weight of the chains and, probably, by PET-PC
copolymers formed, as well as by decelerated crys-
tallization and decreased crystallinity of PET. MDI
favors better compatibility of PET with PC in PET/
PC/(PP/EPDM) ternary blends. This results from
intensified interphase interactions at the level of ele-

mentary units of the polymer chains along with seg-
mental interactions, which are of cooperative nature.
MDI causes the dynamic shear modulus to rise in
the PET high-elastic region (between Tg,PET and PET
cold crystallization temperature); PET cold crystalli-
zation proceeds at a slower rate as well as its melt
crystallization; glass-transition temperatures of PET
and PC come nearer to each other. MDI doesn’t
change much the blend morphology or character of
interactions between PP/EPDM disperse phase and
PET/PC blend matrix.
PP/EPDM, when in PET/PC/(PP/EPDM) ternary

blends, makes the interphase interactions less inten-
sive and increases heterogeneity of the material
unlike the case with PET/PC binary blends. MDI
does not change the impact failure mechanism for
ternary systems. Enhanced impact strength of MDI-
modified materials comes from higher cohesion
strength and resistance to shear flow. MDI-modified
blends show increased resistance to hydrolysis at
temperatures close to the water boiling point, irre-
spective of their phase structure.
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