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ABSTRACT: Blends of isotactic polypropylene (PP), ethy-
lene-propylene rubber copolymer (EPR), and ethylene-pro-
pylene crystalline copolymer (EPC) can be produced
through in situ polymerization processes directly in the re-
actor and blends with different structure and composition
can be obtained. In this work we studied the structure of five
reactor-made blends of PP, EPR, and EPC produced by a
Ziegler-Natta catalyst system. The composition of EPR was
related to the ratio between ethylene and propylene used in
the copolymerization step. The ethylene content in the EPR
was in the range of 50—70 mol %. The crystallization behav-

ior of PP and EPC in the blends was influenced by the
presence of the rubber, and some specific interactions be-
tween the components could be established. By preparative
temperature rising elution fractionation (P-TREF) analysis,
the isolation and characterization of crystalline EPC frac-
tions were made. © 2004 Wiley Periodicals, Inc. ] Appl Polym Sci
92: 2155-2162, 2004
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ticulate; reactor blend; ethylene-propylene rubber

INTRODUCTION

Polypropylene (PP) is a semicrystalline thermoplastic
polymer widely used in packaging, textile, and auto-
mobile industries because of its good processability
and properties. Nevertheless, for applications as an
engineering plastic, polypropylene shows limited
toughness, especially at room and low tempera-
tures."” Impact resistance is a very important property
in many applications and the understanding of the
relationship between structure, morphology, and de-
formation phenomena is necessary to develop poly-
meric systems with good mechanical properties. To
improve toughness of polymeric materials, various
modifier particles with different physical properties
can be added to the matrix.>* Also, chemical modifi-
cation or blending with elastomeric materials or other
polymers can be made.” Several studies about blends
of isotactic polypropylene (i-PP) with ethylene-pro-
pylene random copolymer (EPR) have been made in
the past two decades.®

The versatility of polymerization processes made
possible the production of blends in situ directly in the
reactor. In this way blends with high ethylene-pro-
pylene rubber content can be obtained.” Through this
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process, a polypropylene matix is produced first and
then, in a second step, the ethylene-propylene copoly-
mer (EPR). During the formation of the rubber, some
crystalline polyethylene is formed, due the high reac-
tivity of ethylene in the reaction medium. With this
process it is possible to get materials with distinctive,
well-dispersed morphologies, in which the polyethyl-
ene particles are generally enveloped in the EPR
phase.®’

These thermoplastic polyolefins (TPO) have been
widely used for automobile parts, appliances, and
other industrial uses because of their properties, good
processability, and improved mechanical properties
compared with polypropylene homopolymer.'’ The
impact properties of these blends are considerably
improved by the presence of dispersed rubber parti-
cles in the polypropylene matrix."" Several studies
show that similar blends, produced by a sequential
process, with the formation of some crystalline poly-
ethylene, present specific characteristic particle mor-
phology: the polyethylene seems to form a core sur-
rounded by the rubber, which forms a shell in contact
with the PP matrix.”

The physical behavior of the EPR, produced by a
Ziegler-Natta catalyst system, can be described with
three structure parameters: average chemical compo-
sition, compositional heterogeneity, and sequence dis-
tribution of comonomer units along the chain. De-
pending on these factors, different kind of copoly-
mers, from amorphous to partially crystalline, can be
obtained.



2156 PIRES, MAULER, AND LIBERMAN
TABLE 1
Composition of the Blends and Their EPR Fractions
Crystalline phase Amorphous phase
PP EPC EPR Oligomers®
Ethylene-propylene Ethylene
Sample ratio in the feed % W/W % W /W % W/W mol % % W/W
C-41 0.30 59.9 6.8 319 50.9 1.7
C-50 0.55 61.1 11.0 26.5 60.1 1.4
C-54 0.44 46.6 15.9 36.4 64.0 12
C-60 0.58 50.4 19.2 29.4 69.7 1.0
C-66 0.67 45.5 29.8 23.6 754 1.2

@ Calculated through xylene fractionation.

Several studies have been done to establish the in-
fluence of rubber characteristics on the mechanical
properties and in the crystallization process of the
matrix.'?

In this work we study ternary reactor-made blends
of polypropylene homopolymer (PP), EPR, and ethyl-
ene-propylene crystalline copolymer (EPC), produced
by a Ziegler-Natta catalyst system. The composition of
the blends will be evaluated by fractionation tech-
niques and the structural and thermal characterization
of fractions will be discussed.

EXPERIMENTAL
Materials

Five reactor-made blends of PP, EPR, and EPC of
different compositions were used. These blends were
supplied by Braskem S/A and prepared with a
Ziegler-Natta catalytic system.

Xylene fractionation

The samples were dissolved in xylene at 135°C with
reflux for 1 h. After this step the solution was control

cooled to room temperature. The insoluble fraction at
25°C was separated by filtration and identified as
crystalline polymer. The soluble phase at 25°C was
precipitated from the solution in an acetone-methanol
mixture and the amorphous polymer was separated
(prefraction). Oligomers remained soluble in the sol-
vent mixture.

Preparative temperature rising elution fractionation
(P-TREF)

The samples were fractionated by P-TREF. The insolu-
ble polymer, previously separated through xylene
fractionation, was dissolved in xylene (1 wt %) stabi-
lized with 0.025% w/v of 2,6-di-tert-butyl-4-methyl-
phenol (BHT), at 125°C with reflux for 1 h. The solu-
tion was introduced on a silica column maintained at
135°C. The temperature was decreased to room tem-
perature at 2°C/min. During controlled slow cooling
of the solution, the sample crystallized on the solid
silica, promoting selective crystallization. After an
equilibrium delay of 9 h at 25°C, the temperature then
was raised with a linear gradient (15°C/min). The first
fraction was eluted at 70°C with xylene and the sub-
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Figure 1 Relationship between the ethylene in the feed (X,) and the composition of EPR and the EPR content in the blend.
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Figure 2 Relationship between composition of the EPR and EPC content.

sequent fractions were collected by stepwise increases ~ considering the area of absorbance of some specific
in temperature to 125°C. The eluted polymer fractions =~ band as a function of the comonomer content mea-
were precipitated in a mixture of methanol and ace-  sured by ">*C-NMR. In crystalline samples, the ethyl-
tone at room temperature, filtered, and dried in a  ene content was determined by the ratio between the
vacuum oven.”'31° band areas at 720 cm ™, attributed to the absorption of
methylene sequences,17 and at 4,482-3,950 cm ™!, there
is a large band that depends on the thickness of the
film due to the combined absorption of methyl and
The intrinsic viscosity of the samples and its fractions ~ methylene groups.'® In the rubber, the ethylene con-

Intrinsic viscosity (IV)

were determined in a CINEVISCO model Sofica capi-  tent was determined using the ratio between the
llary viscometer. The analysis was performed in deca-  bands at 720 cm™' and 1,156 cm™' due to PP." In
lin at 135°C."'¢ samples rich in ethylene, the propylene content was

determined by the ratio between the absorbance at
. 1,378 cm ™!, attributed to methyl groups,'® and the
Infrared spectrometry-Fourier transform (FT-IR) area at 4,482-3,950 cm 11719
FT-IR analyses were performed in a Nicolet 710 spec-
trometer using films prepared by hot pressing. All the

. e iff ial i lori D
spectra were measured in the transmission mode. The Differential scanning calorimetry (DSC)

quantitative analysis of ethylene and propylene con-  DSC experiments were carried out in a TA Instru-
tent was performed using specific calibration curves  ments MDSC-2920. The samples were heated to 200°C
that took into account the composition of each sample.  and held at this temperature for 2 min, to eliminate the

In each case the calibration curve was obtained by  thermal history. The sample then was cooled to 40°C

TABLE II
Thermal Properties of the Blends and Their Fractions
Blend Crystalline fraction (PP + EPC)
EPC PP EPC PP
Sample T. (°C) T (°C) T. (°C) T, (°C) T. (°C) T, (°C) T. (°C) T (°C)

C-41 98 117 117 163 — 122 120 164
C-50 103 121 118 163 107 122 121 164
C-54 104 121 116 161 107 122 120 163
C-60 106 122 116 162 107 122 120 163

C-66 107 123 114 161 108 123 119 163
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at 10°/min. The crystallization temperature (T.) was
determined in this step. The melting temperatures
(T,n) were obtained in a second heating run from 40 to
200°C at 10°/min. The melting enthalpies of 100%
crystalline materials were 190 and 236 ]/ g for polypro-
pylene and polyethylene, respectively.

RESULTS AND DISCUSSION

The blends were obtained in situ in a sequential pro-
cess with the production of PP followed by simulta-
neous production of EPR and EPC.%’

Relationship between EPC content and T, of EPC and PP in the blend.

Through xylene fractionation at 25°C the amor-
phous phase (EPR) was quantified and separated from
the crystalline phase of the blends, composed of a
mixture of PP and EPC. The composition of all blends
is shown in Table I. The compositions of EPR and the
total amount of EPC were different in each blend
because of different ethylene/propylene ratios used in
the copolymerization step.

By increasing the molar fraction of ethylene in the
feed (Xc,), rubber with a higher incorporation of eth-
ylene was obtained. At the same time, the EPR amount
decreased because EPC started to form due to the high
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Figure 4 Melting thermograms of the blends.
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Figure 5 Melting curves of sample C-66 obtained at 2, 10, and 20°C/min.

reactivity of ethylene in the reaction medium (Fig. 1).
The amount of EPC was correlated with the ethylene
incorporated in the EPR (Fig. 2).

Thermal properties of the blends and their crystal-
line phases are summarized in Table II. In the crystal-
line fraction, which was formed by a mixture of PP
and EPC, no changes could be observed in the T,,, and
T. of the components. This behavior is associated with
immiscibility of PP and EPC.*

In the blends both PP and EPC showed some vari-
ation in their T,,, and T, indicating that the presence of
EPR was affecting the crystallization of PP and EPC.

The T, of the PP component slightly decreased with
the amount of EPC present in the blend (Fig. 3), indi-
cating delayed nucleation.”" This behavior is probably
related to the high viscosity of the medium because of
the presence of molten EPC and EPR when PP began
to crystallize. The crystallization of PP became af-
fected by the presence of both rubber and EPC mole-
cules, by decreasing the diffusion coefficient, and con-
sequently the mobility of PP chains to form crystals
and consequently decrease its T... The melting peaks of
PP were broad and they seemed to split into two peaks
when the EPC content increased (Fig. 4). This effect
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Figure 6 P-TREF profile of the blends.
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2 o = attributed to a melting-recrystallization process of less
2l B33 2..2 perfect crystals.”? This behavior is supported by the
= % O s decrease of the area corresponding to the peak at
= b Elen 2,2 higher temperature at a fast heating rate (Fig. 5).%
=2 SO T s A decrease of T. and T,, of EPC was observed when
= 8 c
= Hlo |[H< 9 0 its amount was lower in the blend (Table II and Fig. 4)
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o - = - E 2 EPC in the crystalline fraction.
S |oe Spoaa Ej: Since these phenomena were not observed in the
) X § = crystalline fraction formed only by PP and EPC, they
[*)} .
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ﬁ\;;@ ;; _§ of fact, it was verified that the rubber increased the
é’a% g &g compatibility of the PP and EPC, affecting the crystal-
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%‘g g i The presence of crystallinity in the rubbers with
g% § 5 O high ethylene content was investigated by DSC. Long
ES Oy 52 ethylene crystallizable sequences can be responsible
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Figure 8 Variation of propylene content and melting temperature for P-TREF fractions of EPC.

with 75 mol % of ethylene, showed a very broad T,
peak around 60°C and, in the sample C-60, no melting
was observed.

To better understand the structure of blends com-
ponents, fractionation by P-TREF was carried out after
removing the EPR (prefraction). The crystalline poly-
mer (PP + EPC) was separated into four fractions
according to their crystallinities. Each fraction was
characterized to determine the composition, intrinsic
viscosity, melting, and crystallization temperature.

Figure 6 shows the profile of chemical distribution
of the blends obtained by P-TREF analysis, including
the EPR prefraction. The amount of each fraction and
their characterization results are shown in Table III.

The fractions 1, 2, and 3 were constituted by EPC
and the propylene content decreased with increasing

C-50 Fraction 3

C-50 Fraction 2

1C-80 Fraction 1

Heat Flow (w/g)

elution temperature. These fractions have been des-
cribed in the literature as linear low-density polyeth-
ylene (LLDPE).”? Fraction 4 was isotactic PP.

With the increase in the amount of propylene incor-
porated in the EPC fraction, a simultaneous decrease
in the molecular weight occurred, as indicated by the
intrinsic viscosity values (Fig. 7). This behavior is
widely discussed in the literature for Ziegler-Natta
catalysts, and it has been explained by the mechanism
of ending growth chain by B-elimination.*”®

The melting temperatures and composition of all
samples, in the same eluted fraction, were very similar
(Fig. 8). This is an indication that the composition of
the EPC copolymer did not depend on the ethylene-
propylene ratio fed in the polymerization step and it
was just a consequence of monomer reactivity for the

—

T T
100 150

Temperature (°C)

Figure 9 Melting thermograms of P-TREF fractions of sample C-50.
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catalytic system and polymerization conditions ap-
plied. Also it can be observed that the melting tem-
perature increased with the decrease in the propylene
content in the fraction, showing differences in crystal-
linities of EPC fractions. The crystallinities of fractions
1,2, and 3 were calculated from the melting entalphies
and are shown in Table IIL

Figure 9 shows the melting curves of EPC fractions.
Fraction 1 presented a very broad melting peak, as a
consequence of the presence of molecules with differ-
ent compositions, considering that this fraction repre-
sents the whole compositional range between 25 and
70°C.

The results of IR analysis obtained for fraction 4 in
all blends showed the sole presence of isotactic PP.

CONCLUSION

In reactor-made blends of PP, EPR, and EPC, the rel-
ative amount of each component depends on the ethy-
lene-propylene ratio used in the copolymerization
step. For higher ethylene concentration in the feed,
rich ethylene rubber was formed, as well as a higher
amount of EPC. The crystallization of PP and EPC in
the blends was influenced by the presence of rubber.
The crystallization temperature of EPC was delayed
when this component was in a lower quantity because
of its compatibility with EPR. The P-TREF analysis
made the isolation and characterization of EPC possi-
ble. Despite different contents of EPC in each blend,
the composition of EPC was very similar in all sam-
ples.

The authors thank Braskem S/A for materials and analysis
supply and CNPq for financial support.
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