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A B S T R A C T

The properties of polyolefin nanocomposites strongly depend on the dispersion level of the nanoparticles and the
addition of dispersion agents contributes to improving their performance. In this study, the morphology and the
mechanical properties of heterophasic ethylene-propylene copolymer/halloysite nanocomposites were tailored
by using two hydrogenated hydrocarbon resins: 90% and 100% hydrogenated and two compatibilizing agents:
poly(propylene-g-maleic anhydride) and poly(ethylene-octene-g-maleic anhydride). The transmission electron
microscopy indicated that the best dispersion of the halloysite nanotubes was achieved when hydrogenated
hydrocarbon resins and poly(propylene-g-maleic anhydride) were used simultaneously. All nanocomposites
showed an increase in mechanical stiffness and the most pronounced increase of 46% in the Young modulus was
achieved with the system containing halloysite, poly(propylene-g-maleic anhydride) and the hydrocarbon resin
with the higher degree of hydrogenation. Poly(ethylene-octene-g-maleic anhydride) caused the halloysite na-
noparticles to concentrate preferentially in the rubber domains, wherein these hindered the crystallization of
polypropylene and polyethylene chains, as showed by atomic force microscopy. In this case, the composite
exhibited both high stiffness and improved toughness. These results highlight the key role of dispersion agents in
promoting a good balance in the mechanical properties of resulting nanocomposites based on halloysite particles
and heterophasic ethylene-propylene copolymers.

1. Introduction

Currently, heterophasic ethylene-propylene copolymers (EPP) are
produced by sequential multistage polymerization processes with
Ziegler-Natta catalysts [1] and consist of ethylene units randomly in-
serted into the predominantly polypropylene sequence [2]. Due to this
chemical structure, in the solid state, EPP presents a dispersed rubbery
phase (EPR) embedded in the polypropylene matrix, which promotes
high toughness and impact resistance at low-temperature [3]. Never-
theless, the presence of the elastomeric component inevitably has a
detrimental effect on the material's stiffness [4]. Thus, the incorpora-
tion of rigid nanoparticles represents a promising approach to tailor
both stiffness and toughness, which is required for many applications.

The effect of halloysite nanotubes (HNT) on the mechanical and
thermal properties of polymer nanocomposites has been the subject of
various studies [5–7]. HNT having the molecular formula
Al2Si2O5(OH)4·nH2O is an abundant natural nanomaterial that consists

of hollow cylinders formed by multiple rolled layers, composed of a
SiO2 outer layer and an Al2O3 inner layer of the tubes [8]. Due to this
chemical composition, HNT is a polar hydrophilic material, which
makes its dispersion within a non-polar polymeric matrix difficult to be
achieved.

An optimized dispersion and distribution of nanofillers is an im-
portant prerequisite to reach advanced performances in polymer na-
nocomposites. Therefore, efforts have been addressed to improve the
dispersion of HNT in a polymer matrix by modifying its surface with
organic moieties such as organosilanes [9], ionic liquids [10] and sur-
factants [11]. Although, this is an effective method, the process is re-
latively complex, expensive and time-consuming [12], especially if
applied on an industrial scale.

Thus, the addition of a polar compatibilizer such as poly(propylene-
g-maleic anhydride) (PP-g-MA) or poly(ethylene-octene-g-maleic an-
hydride) (EO-g-MA), easy to be processed with the polymer, represents
a valid approach to improve the HNT dispersion [13]. As already
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reported by other authors who used montmorilonite (MMT) as filler in
PP [14,15], the dispersion may significantly improve by using selected
compatibilizing agents such as Hydrogenated hydrocarbon (HR). These
HR are amorphous polymers that are miscible with the amorphous
fraction of PP [16] and, due to their low molecular weight and viscosity
[17], may act as a processing aid to facilitate the clay dispersion.
Cimmino et al. [16] showed that cycloaliphatic monomer based HR
enhanced the dispersion of unmodified and modified MMT in PP,
leading to a significative improvement in the mechanical properties and

water vapor permeability. Another study that used the same approach
afforded PP nanocomposites with higher thermal stability [17].

To date, no studies have addressed the understanding of a possible
synergism between compatibilizing agents and HR in the improvement
of mechanical and functional properties of EPP/HNT nanocomposites.
So, the main objective of this study is to understand the effect of these
dispersing agents on the HNT dispersion and distribution as well as the
morphology of the dispersed rubber phase and their interfacial inter-
actions with the polypropylene matrix.

2. Experimental

2.1. Materials

Braskem S.A. (Brazil) provided EPP with a melt flow index (MFI) of
27.7 g/10 min (230 °C/2.16 kg) and total ethylene content of approxi-
mately 14 wt%. HNT was acquired from Sigma-Aldrich. The HNT has
specific gravity of 2.53 g·cm−3, surface area of 64m2·g−1, pore volume
of 1.26–1.34 mL·g−1, cation exchange capacity of 8.0 mEq·g−1 and
Zeta potential of 222.543 mV. The hydrocarbon resins Regalite R1125
(HHR), 100% hydrogenated, and R1090 (PHR), 90% hydrogenated
were obtained from Eastman Chemical Co. The compatibilizing agents
Polybond 3150, poly(propylene-g-maleic anhydride) (PP-g-MA) with a
MA content of 0.5 wt% and MFI of 50 g/10 min (230 °C/2.16 kg), and
SCONA TSPOE 1002 GBLL, poly(ethylene-octene-g-maleic anhydride)
(EO-g-MA) with a MA content in the range of 1.45–1.65% and MFI of
6–23 g/10 min (190 °C/21.6 kg), were purchased from Chemtura and
BYK Additives & Instruments, respectively.

Table 1
Samples codes and compositions (%).

Code Composition

EPP PP-g-MA EO-g-MA HHR PHR HNT

EPP 100 – – – – –
EPP/PP-g-MA 98 2 – – – –
EPP/EO-g-MA 98 – 2 – – –
EPP/HHR 95 – – 5 – –
EPP/PHR 95 – – – 5 –
EPP/HNT 98 – – – – 2

HR nanocomposites
EPP/HNT/HHR 93 – – 5 – 2
EPP/HNT/PHR 93 – – – 5 2

PP-g-MA nanocomposites
EPP/HNT/PP-g-MA 96 2 – – – 2
EPP/HNT/PP-g-MA/HHR 91 2 – 5 – 2
EPP/HNT/PP-g-MA/PHR 91 2 – – 5 2

EO-g-MA nanocomposites
EPP/HNT/EO-g-MA 96 – 2 – – 2
EPP/HNT/EO-g-MA/HHR 91 – 2 5 – 2
EPP/HNT/EO-g-MA/PHR 91 – 2 – 5 2

Fig. 1. TEM images of (a) EPP/HNT, (b) EPP/HNT/HHR
and (c) EPP/HNT/PHR nanocomposites.
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