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ABSTRACT: Blends of poly(ethylene terephthalate)
(PET) with small amounts of styrene-co-acrylonitrile (SAN)
were prepared by melt blending, and cold crystallization
of these mixtures was investigated by means of differential
scanning calorimetry. The results suggest that SAN inter-
acts with the amorphous phase of PET, as observed by
variations in the glass transition temperature and in the
morphology of the blends, analyzed by scanning electron
microscopy. The addition of 1% SAN promoted a signifi-
cant reduction in the crystallization rate of PET, in a man-

ner similar to that of an antinucleating agent. However,
the crystallinity of the PET/SAN blends was comparable
with that of neat PET; hence, mechanical properties were
only slightly affected. Kinetic parameters were determined
using Avrami theory; Avrami plots presented a nonlinear
behavior at the end of crystallization, indicating that cold
crystallization proceeds in two stages. VC 2012 Wiley Periodi-
cals, Inc. J Appl Polym Sci 125: 2701–2710, 2012
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INTRODUCTION

Polymer blends is a promising field in polymer sci-
ence and engineering and have attracted much
attention in both the academic and industrial com-
munities. The possibility of developing new materi-
als with better properties in little time and with
minimum investment is the driving force for this in-
terest. The crystallization behavior of polymers and
polymer blends is relevant to the potential use of
these materials in demanding engineering applica-
tions. The field continues to attract considerable
interest as it involves important issues concerning
control of super molecular structure and its effect on
material properties.1–3

Poly(ethylene terephthalate) (PET) is a semicrystal-
line thermoplastic polyester with interesting thermal
and mechanical properties, good chemical resistance,
low permeability to gases, and excellent processabil-
ity. PET and PET blends have many applications in
packaging, fibers, electrical equipments, automotive
and construction industries, etc. Although the prop-
erties of PET are controlled mainly by its chemical
structure, the crystallinity and morphology also play

a major role. Thus, the study of how the structure of
PET is affected by crystallization conditions may be
highly relevant to obtain products with desirable
properties. Moreover, the crystallization of PET with
industrial processing techniques, such as blow mold-
ing and thermoforming, occur normally in a two-
stage process. First, an amorphous preform (for the
case of blow molding) is obtained by injection mold-
ing in a cold mold. Then, this preform is heated
above the glass transition temperature and is finally
stretched and blown to the final shape. If partial
crystallization occurs during the preform production
or during the heating stage before blowing, the
product may be unsuitable for bottle production.
Actually, this is one of the major concerns of indus-
try. The ideal situation, therefore, occurs when cold
crystallization is delayed and the final mechanical
and physical properties are achieved. One way to
reach this goal, adding small amounts of an
amorphous polymer to PET, was studied by the
authors in previous work. Both polystyrene and
styrene-co-acrylonitrile (SAN) were shown to act as
‘‘antinucleating’’ agents, lowering the rate of cold
crystallization of PET without changing the transpar-
ency of the material under processing conditions.4,5

In this work, the effect of small amounts of amor-
phous SAN on the isothermal cold crystallization of
PET is studied by differential scanning calorimetry
(DSC). Kinetic parameters were determined accord-
ing to Avrami6–8 theory, and the activation energy
for crystallization was established using Arrhenius
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plots. The equilibrium melting temperature was
determined following Hoffman and Weeks.9 The
morphology of PET/SAN blends was analyzed by
scanning electron microscopy (SEM), and mechanical
properties were determined in amorphous and semi-
crystalline samples.

The isothermal cold crystallization of PET/poly-
styrene (PS) blends4 and the nonisothermal crystalli-
zation of PET/SAN5 was reported previously.

EXPERIMENTAL

Materials

Bottle grade PET (Rhopet S78), with intrinsic viscos-
ity 0.78 dL/g and weight-average molar mass of 48
kg/mol was supplied by Rhodia-Ster (São Paulo,
Brazil) (Rhopet S78). Injection molding grade SAN
(Luran 358N) was purchased from BASF (São Paulo,
Brazil). Thermal transition temperatures of the mate-
rials are presented in Table I.

Processing

Before processing, PET was dried at 120�C during 6
h to avoid the hydrolysis,11,12 and SAN was dried at
80�C during 14 h to remove moisture.11,13,14 Most of
this work is based on the study of blend of 99% PET
and 1% SAN (percentages by weight) and its com-
parison with neat PET resin, but a PET/SAN blend
with 15% SAN was also prepared and used for
showing the phase morphology (Fig. 11).

Blends were prepared by two procedures: batch
mixing and continuous extrusion compounding.
Samples of neat PET were processed in the same
way, to compare results on materials with the same
processing history.

For thermal analysis, samples were obtained by
melt mixing in a laboratory internal mixer Haake
Rheomix 600 (Waltham, MA, USA) fitted with high
intensity rotors (‘‘roller’’ type), operating at 265�C
and 60 rpm for 10 min. After compounding, the
molten material was quenched in a water/ice bath
to obtain an amorphous blend.

To evaluate the mechanical properties, PET and
the blends were compounded in a conical counter-
rotating twin-screw extruder Haake TW100, operat-
ing at 260�C and 60 rpm. Pelletized material was
dried and then injection molded in a chilled mold
(� 10�C) to obtain amorphous test specimens,

according ASTM D-638. Some of these specimens
were heated to cold crystallize, and the mechanical
properties of amorphous and semicrystalline materi-
als were compared.
To verify the absence of crystallinity in the ‘‘amor-

phous’’ injected specimens, bars of PET and PET/SAN
blends were submitted to the X-ray diffraction analysis.
Typical diffractograms, presented in Figure 1, show the
wide band characteristic of amorphous polymers.15

DSC

The melting and crystallization behavior of PET and
the PET/SAN blend were determined using a Shi-
madzu (Kyoto, Japan) DSC-50 equipment, calibrated
from the enthalpy of fusion of a known mass of
ultra-pure indium.
Isothermal cold crystallization conditions were

achieved by quick heating (� 100�C/min) the sam-
ples from room temperature to the target crystalliza-
tion temperature, ranging from 110�C to 160�C. If
crystallization started before the target temperature
was reached, the measurement was discarded. The
DSC output (mW) was registered as a function of
time, as long as no change from the baseline was
observed. For each experimental condition, at least
three scans were made. From these tests, the melting
temperature Tm (�C), latent heat of crystallization
per unit mass DHc (kJ/kg), and latent heat of melt-
ing per unit mass DHm (kJ/kg) were determined.
Latent heats measured in blends were normalized
dividing by the mass fraction of crystallizable poly-
mer (PET) in the blend. Mass based crystallinity X
was obtained from:

X ¼ DHm

DH0
m

(1)

Figure 1 X-ray diffractograms of PET and a PET/SAN
blend with 1% SAN.

TABLE I
Thermal Transition Temperatures of PET and SAN10

Polymer Tg (
�C) Tc (

�C) Tm (�C)

PET 70 124 250
SAN 107 – –
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where DH0
m is the latent heat of melting for the pure

crystalline phase, taken as 117.65 kJ/kg.16,17

The effect of isothermal crystallization tempera-
ture on the melting behavior of PET and its blends
was analyzed by heating the cold crystallized sam-
ples at 10�C/min to complete melting (at about
270�C). The equilibrium melting temperature (T0

m)
was determined according to Hoffman and Weeks.9

The kinetics of isothermal cold crystallization was
studied using Avrami’s approach.8

Nonisothermal cold crystallization tests were per-
formed by heating the glassy samples from room
temperature to 300�C at heating rates ranging from
1�C/min to 50�C/min. The effect of heating rate on
the glass transition temperature of the blend was
determined.

SEM

A Shimadzu SSX 550 Superscan SEM was used to
study the phase morphology of PET/SAN blends.
Injected test specimens were cryogenically fractured
in liquid nitrogen, and the fractured surface was
covered with gold to avoid the accumulation of
charges.18 A minimum of four photographs were
taken for each sample, and about 200 particles were
considered to determine the number-average domain
diameter (dm) of the disperse phase according to:19

dm ¼
P

nidi
n

(2)

where ni is the number of particles of diameter di,
and n is the total number of particles.

Mechanical properties

Tensile tests according to ASTM D-638 were per-
formed using a Lloyd Instruments model LR10K
(West Sussex, UK) universal testing machine. The
tests on PET and the PET/SAN blend, both amor-
phous and cold crystallized, were conducted at
23�C, at a crosshead speed of 5 mm/min; the aver-
age of six runs of each formulation was reported.

RESULTS AND DISCUSSION

Glass transition temperature

Figure 2 shows the effect of heating rate on glass
transition temperature (Tg) of PET and the PET/SAN
blend with 1% SAN. In both cases, Tg increases with
the heating rate, which may result from the time lag
for molecular relaxation in the glass transition region.
The PET/SAN blend shows a higher transition tem-
perature than the neat PET at all heating rates, up to
about 7.5�C at heating rates above 30�C/min. This

trend may be associated, in part, with the higher Tg

of SAN (Table I). Although PET/SAN blends are im-
miscible,5,20 the behavior shown in Figure 2 for such
a low level of SAN suggests also the effect of specific
intermolecular interactions.21,22 This may have influ-
enced the crystallization behavior of PET/SAN
blends, as discussed below.

Isothermal cold crystallization

Figure 3 shows DSC exotherms for the isothermal
cold crystallization of PET and the PET/SAN blend
with 1% SAN at different temperatures. The effect of
temperature on the cold crystallization behavior is
well known and has been previously observed in
PET23–25 and PET copolymers:26 crystallization peaks
become sharper and crystallization rates increase
with increasing temperature, probably as a result the
lower viscosity and increase in molecular mobility,
which facilitates crystalline ordering.27,28

At the same crystallization temperature, the pres-
ence of SAN increased the crystallization time and
broadened the crystallization peak, evidencing a
decrease in the crystallization rate of PET. The
reduction in crystallization rate may be related to
the amorphous character of SAN as well as to its po-
lar nature, which may hinder macromolecular
mobility.
The blend with 1% SAN was selected for this

study because it was observed elsewhere10 that an
increase of the SAN fraction to 10% to 20% on the
PET/SAN blends does not have a significant addi-
tional impact on the reduction of the crystallization
rate of PET. Similar behavior was previously verified
for PET/PS blends.4,29

The evolution of relative crystallinity x with time
was computed from the DSC exotherms and are

Figure 2 Effect of heating rate on the glass transition
temperature (Tg) of PET and a PET/SAN blend with 1%
SAN.
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plotted in Figure 4. All isotherms are sigmoidal in
shape, characteristic of phase transformations with-
out discontinuities, which is typical of polymers.10

The curves are superimposable by a shift of the time
axis, revealing that the solidification process of PET
and the PET/SAN blend, while marked by differen-
ces in nucleation and crystalline growth rates, does
not differ greatly in growth morphology.30–33

As an example, Figure 5 compares the crystalliza-
tion isotherms of PET and the PET/SAN at 130�C.
The delay in PET crystallization caused by the pres-
ence of only 1% of noncrystallizable SAN is remark-
able. When crystallization in neat PET reaches the
end, only 45% of PET has crystallized in the blend.

The macroscopic rate of crystallization, c ¼ dx/dt
obtained from the x ¼ x(t) plots of Figure 5 is an im-
portant characteristic of the crystallization process.
Although c varies with the relative crystallinity,
average values are useful parameters. In general, we
define:

cx1�x2 ¼
x2 � x1
Dt12

(3)

where Dt12 is time required to change the relative
crystallinity from x1 to x2. In this work, we use the
average rate of crystallization between 20% and 80%
relative crystallinity as a representative value of the
overall rate of crystallization.
Figure 6(a) shows the effect of crystallization tem-

perature on c0.2–0.8 for PET and a PET/SAN blend
with 1% SAN. The rate of cold crystallization
increases significantly with the crystallization temper-
ature; c0.2–0.8 increases 3.5 times for a 40�C rise in tem-
perature for neat PET and 5.5 times for the same tem-
perature rise in the PET/SAN blend. Moreover, the
presence of 1% SAN lowers the crystallization rate of
PET in 20%–60% at the temperature range analyzed.
The rate of crystallization is frequently characterized

in the technical literature32,34,35 by the crystallization

Figure 3 DSC exotherms for isothermal cold crystalliza-
tion of PET (a) and a PET/SAN blend with 1% SAN (b).

Figure 4 Evolution of relative crystallinity with time dur-
ing the isothermal cold crystallization of PET (a), and of a
PET/SAN blend with 1% SAN (b), at different tempera-
tures. Notice the different time scale.
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half-time, t0.5, the time needed to reach 50% relative
crystallinity from the starting point of the process. The
reciprocal of the crystallization half-time, 1/t0.5, is often
presented as a measure of the rate of crystallization.34

In fact, 1/t0.5, is proportional to the average crystalliza-
tion time between the starting (x ¼ 0) and mid-point (x
¼ 0.5) of crystallization (c0–0.5 in our notation). As
expected, t0.5 increases with temperature for both the
neat PET and the PET/SAN blend. The presence of 1%
SAN increases the crystallization half-time 80% to
200% depending on temperature. Figure 6(b) shows
the effect of temperature on the crystallization half-
time for PET and a PET/SAN blend with 1% SAN.

The decrease of the crystallization rate of PET on
addition of 1% of noncrystallizable component
(SAN) may be related to several factors, such as an
increase of the melt viscosity,36,37 to molecular segre-
gation of the second component,38,39 to the limited
solubility among components,2,40,41 to an increase of
the activation energy for the isothermal crystalliza-
tion,42 and—in general—to a decrease of the ‘‘crys-
tallizability’’ of PET.43

During the crystallization process, crystallizable
material is continually driven toward the growing
crystal, while the noncrystallizable components
(atactic and low-molecular mass chains) is rejected
away or accumulated within the crystalline phase.
According to Keith and Padden,38,39 the place where
the noncrystallizable material segregates (the dis-
tance d from the crystal font) depends on the inter-
play between crystal growth and diffusion, governed
by the dimensional parameter:

k ¼ Gd
D

(4)

where G is the linear rate of advance of the crystal
front and D is the diffusivity of the noncrystallizable

material. For fast crystal growth (k >> 1), diffusion
cannot cope and impurities accumulate between the
lamellae. On the other hand, for slow crystal growth
(k << 1), diffusion carries impurities away from
crystal, which end up accumulating in the interfibril-
lar or interspherulitic regions. In any case, the pres-
ence of impurities hinders the crystallization
process.
The chemical structure of PET chains, alternating

flexible aliphatic groups and stiff aromatic ones,
favors a relatively slow rate of crystallization. The
slowing down of the crystallization in the PET/SAN
blend suggests that the noncrystallizable amorphous
SAN chains are located away from the lamellae,
between the fibrils or spherulites.
Fillers,44,45 polymers,46,47 and copolymers48,49 are

added to PET to modify its crystallization behavior.
Additives may be used to facilitate (nucleating
agents)50–52 or to hinder (antinucleating agents)26,53,54

the crystallization of PET. Additives that modify the

Figure 5 Evolution of relative crystallinity with time dur-
ing the isothermal cold crystallization of PET and a PET/
SAN blend with 1% SAN at 130�C.

Figure 6 Effect of the temperature on the average crys-
tallization rate c0.2–0.8 (a) and on the crystallization half-
time t0.5 (b) of PET and a PET/SAN blend with 1% SAN.
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crystallization characteristics without adversely
affecting other properties are particularly valuable.
Those that interfere with the development of crystal-
linity may be of application in areas where product
transparency is important (such as PET bottles).
SAN seems to be this kind of ‘‘ideal’’ additive: it sig-
nificantly delays crystallization of PET when added
in amounts small enough to preserve the mechanical
properties that make PET so desirable (see Table V).

Kinetics of isothermal cold crystallization—Avrami
model

Avrami6–8 modeled the isothermal crystallization
process as:

x ¼ 1� expð�KtnÞ (5)

where x is the fractional crystallinity at time t, n is
the Avrami exponent, which depends on the nature
of the nucleation and growth geometry and mecha-
nism, and K is a temperature-dependent rate con-
stant. Equation (5) may be written as:

ln½� lnð1� xÞ� ¼ ln K þ n ln t (6)

The Avrami parameters n and K may be obtained
from the slope and intercept in a plot of ln[�ln(1�x)]
versus lnt as shown in Figure 8 for the cold crystalli-
zation data of PET and the PET/SAN blend.
Avrami plots show evidence that the cold crystalli-

zation developed in two stages: a first, clearly linear,
primary crystallization phase, followed by a nonlinear
secondary crystallization phase, more evident in the
PET/SAN blend [Fig. 7(b)]. Secondary crystalliza-
tion55,56 has been observed in different polymer sys-
tems, such PET,57 polyethylene (PE),27 polypropylene
(PP),58 poly(p-phenylene sulfide) ou poly(phenylene
sulfide) (PPS),59 blend of poly(ethylene oxide) and
poly(ether sulfone) (PEO/PES),60 poly(ether ether ke-
tone) (PEEK),61 and PET/poly(ether imide) (PEI).62

For blends with noncrystallizable components, the
second stage in Avrami plots may be related to molec-
ular segregation of the second component contribut-
ing to a decrease crystalline growth rate. Similar
behavior has been observed in blends like PEO/
PES,60 blend of linear polyethylene with low density
polyethylene (LPE/LDPE),63 sPS/iPS, and sPS/aPS.64

The parameters n1 and K1 were determined for the
primary crystallization stage; approximate linearized
parameters n2 and K2 were estimated for the second-
ary crystallization stage. Results are shown in Table
II and Figure 8.

Figure 7 Avrami plots for the isothermal cold crystalliza-
tion of PET (a) and a PET/SAN blend with 1% SAN (b).

TABLE II
Avrami Parameters for the First (n1, K1) and Second (n2, K2) Stages of the Isothermal Cold Crystallization of PET and a

PET/SAN Blend with 1% SAN

Tc (
�C)

PET PET/1%SAN

n1 ln K1 n2 ln K2 n1 ln K1 n2 ln K2

110 1.93 �8.497 2.33 �10.448 � � � �
120 1.88 �7.875 2.10 �9.028 2.11 �11.176 2.10 �11.176
130 2.00 �7.220 1.74 �6.309 2.06 �10.102 2.78 �13.816
140 1.98 �6.490 � � 2.24 �9.200 2.47 �10.152
150 1.90 �6.068 � � 2.14 �7.949 2.61 �9.864
160 � � � � 2.05 �6.752 � �

K1 and K2 in s�n.
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For the first stage, the Avrami exponent n is close
to 2 for both PET and the blend with 1% SAN, con-
sistent with two-dimensional, diffusion-controlled
crystal generated by heterogeneous nucleation.6–8

Similar values of n were previously obtained for
PET45,47,51 and for blends with PET.65 The rate con-
stant K increased with temperature, probably as a
consequence of higher molecular mobility and is sig-
nificantly lower for the blend than for the neat PET,
due to the reduction of the crystallization rate by the
presence of a noncrystallizable component. These
results are consistent with those shown in Figure 7.

Activation energy

The rate of crystallization is obtained differentiating
eq. (5):

c ¼ dx

dt
¼ nKtn�1ð1� xÞ (7)

Eliminating the time between eqs. (5) and (7):

c ¼ nK1=nð1� xÞ½� lnð1� xÞ�1�1=n (8)

Assuming that Avrami exponent n is independent of
temperature, which is borne (approximately) by the
experimental data, especially for the first stage, eq.
(8) shows that k ¼ K1/n is a proper kinetic ‘‘constant’’
for the thermally activated crystallization pro-
cess.66,67 The kinetic constant can be expressed in
terms of an activation energy DE:

K1=n ¼ k0 exp
DE
RT

8
>:

9
>; (9)

where k0 is a pre-exponential factor independent of
temperature and R ¼ 8314 J/mol�K is the universal
gas constant. DE for the first crystallization stage
was obtained by linear regression of ln K

1=n1
1 vs. 1/

Tc (Fig. 9). Results are shown in Table III, along with
the mean value of the Avrami exponent.
The higher value of the activation energy obtained

for the blend indicates that cold crystallization is
thermically less favored by the presence of a non-
crystallizable ‘‘impurity,’’ in accordance with results
shown throughout this article.
Introducing eq. (9) into eq. (8), we obtain an

expression of the rate crystallization in terms of the

Figure 8 Effect of temperature on K1 (a) and K2 (b) rate
constants for PET and the PET/SAN blend with 1% SAN.

Figure 9 Arrhenius plot for the activation energy for the
first stage of isothermal cold crystallization of PET and a
PET/SAN blend with 1% SAN.

TABLE III
Pre-Exponential Factor, Activation Energy and Mean

Avrami Exponent for the First Stage of Isothermal Cold
Crystallization of PET and a Blend with 1% SAN

Material ln k0 DE (kJ/mol) n1

PET 9.711 45.0 1.94 6 0.06
PET/1%SAN 17.200 73.6 2.12 6 0.09

k0 in s�1.
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relative crystallinity x, temperature T, and tempera-
ture-independent constants (n, k0, DE) that is particu-
larly useful for process modeling and simulation:

c ¼ nk0 exp ð�DE=RTÞ � ð1� xÞ½� lnð1� xÞ�1�1=n (10)

Equilibrium melting temperature and crystallinity

A study of the melting behavior was conducted with
DSC for PET and PET/SAN blend previously sub-
jected to isothermal cold crystallization; selected
melting endotherms are given in Figure 10.
Combining the isothermal cold crystallization tem-

peratures with the melting endotherms, the equilib-
rium melting temperature (T0

m) of neat PET and the
PET/SAN blend was calculated using Hofmann–
Weeks method;9 the values are summarized in Table
IV. The equilibrium melting temperature of pure
PET, T0

m � 255�C is well within the interval (245�C
to 265�C) quoted in the literature.62,68–72 The pres-
ence of 1% SAN resulted in a small but significant
(about 7�C) reduction of the melting point of PET.
Total crystallinity was not affected by the addition

of 1% SAN. However, the rate of crystallization was
very much affected by the small addition of SAN, as
discussed before: average crystallization rate for the
blend was between 1/5 to slightly over 1/2 of the
rate of crystallization of the neat PET. This behavior
may indicate a disturbance of the crystallization pro-
cess by the noncrystallizable polymer.

Figure 10 Melting endotherms of PET (a) and PET/SAN
blend (b); isothermal cold crystallization temperatures
indicated.

TABLE IV
Equilibrium Melting Temperature (T0

m), Latent Heat of
Fusion (DHm), and Mass Crystallinity (X) of PET and its

Blend with 1% SAN

Composition PET PET/SAN (1%)

T0
m (�C) 255 248

DHm (kJ/kg) 31.0 28.6
X (%) 26 25

Figure 11 SEM images of a PET/SAN blend with 15%
SAN (a) and PET/PS blend with 15% PS (b).

2708 WELLEN, CANEDO, AND RABELLO

Journal of Applied Polymer Science DOI 10.1002/app



Observation of SEM

The morphology of a PET/SAN blend with 15%
SAN was examined by scanning SEM on cold frac-
tured amorphous samples. Example image is shown
in Figure 11(a), along with a similar microphotogra-
phy of a PET/PS blend with 15% PS in the same
scale, Figure 11(b). A two-phase structure composed
by a PET matrix and nearly spherical particles of
SAN and PS can be clearly noticed. Most SAN par-
ticles remained attached to the matrix on the frac-
tured surface, which may indicate some measure of
PET/SAN interfacial interactions. SAN is a polar co-
polymer, capable of ‘‘chemical’’ (dipole–dipole)
interactions, which may be responsible for a signifi-
cant adhesion of the spherical particles to the PET
matrix. In the PET/PS blend, as PS is apolar, ‘‘chem-
ical’’ interactions are less intense and the phases
remain mobile, as verified elsewhere.4,10

The average diameter of the dispersed domains of
SAN and PS were 1.2 and 2.4 lm, respectively, cal-
culated from eq. (2). According to Favis and Wil-
lis,73 blends with mobile interfaces (immiscible
blends) coalesce very easily and the domain size is
highly dependent on composition. Compared with
the PET/PS blend, the stronger interactions in the
PET/SAN blend contributes to greater adherence
between the phases and to the formation of smaller
particles.

Mechanical properties

Tensile properties of PET and its blend with 1%
SAN are shown in Table V, for amorphous and
semicrystalline samples. Higher values of Young’s
modulus and yield stress are observed for crystal-
lized PET, which also shows a dramatic drop in the
elongation at break. These effects may be attributed
to restrictions molecular mobility. Results agree with
those reported in the literature.74 Table V also shows
that the addition of SAN does not affect the mechan-
ical properties of PET. This observation is important
for the applications: it shows that the reduction in
the rate of cold crystallization of PET by the pres-
ence of 1% SAN does not compromise the mechani-
cal behavior of the material.

CONCLUSIONS

The isothermal cold crystallization of PET and PET/
SAN blends was analyzed in detail. SEM micropho-
tographs show that PET/SAN blends form predomi-
nantly a two-phase mixture. However, the variation
in glass transition temperature suggests a limited
solubility among the polymers. The presence of only
1% SAN retarded significantly the cold crystalliza-
tion rate, reflected also by the Avrami parameters
and suggesting that SAN is acting as an antinucleat-
ing additive for PET. Results show that the addition
of only 1% of SAN extends the operating window
for blow molding processing, without changing
product properties or manufacturing procedures.

The authors acknowledge Rhodia-Ster (now M&G) for PET;
RMRW is grateful to CAPES (Brazil), for a research
fellowship.
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