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Abstract. The surface adsorption of inorganic clays with ionic liquids has attracted much attention due to improve the
interaction of hydrophilic clay with the hydrophobic polymers. However, successful organic adsorption strongly
depends on the characteristics of ionic liquid (anion, chain size and concentration), and the reaction conditions (as
polarity of solvent). In this study, such factors were analyzed and correlated with morphology, thermal and
mechanical properties of the nanocomposites. The heterophasic ethylene-propylene copolymer nanocomposites were
prepared by melt intercalation method in a twin screw co-rotating extruder. The halloysite nanotubes (HNT) was used
as filler — natural and modified with different ionic liquids. The results showed that a better distribution and dispersion
of the nanoparticles was achieved in the samples with modified HNT (m-HNT) and was more significant when the
ionic liquid adsorption was conducted in a less polar solvent. The thermal stability of the nanocomposites with m-
HNT was higher compared to the neat CP. Additionally, the better balance in the mechanical properties was obtained
by the use of the more hydrophobic ionic liquid and higher concentration with improve of 27% in the Young Modulus
without loss in the impact properties at room temperature. These superior behaviors of ionic liquid adsorption
products exhibit properties suitable for many industrial applications.
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INTRODUCTION

Polypropylene (PP) is a widely applied thermoplastic polymer because of its versatile properties, including
low density and cost, good processability and recyclability [1], though the low fracture toughness is a
limitation. The use of heterophasic ethylene-propylene copolymers (CP) may change this panorama, as CP
consists of a semi-crystalline isotactic PP homopolymer matrix with a soft ethylene-propylene rubber (EPR)
dispersed phase [2]. This dispersed elastomer phase serves to improve the toughness and low-temperature
impact resistance of PP. Inevitably, the elastomeric component has a detrimental effect on the stiffness of the
material [3]. One way to achieve the desired property-balance could be the addition of small amounts of rigid
nanoparticles [4].

Polymer nanocomposites have been extensively studied due to the premise of better mechanical, electrical
and thermal properties compared to pure polymer or “traditional composites” [5, 6]. In general, the key
factors for obtaining advanced performance polymer nanocomposites are homogeneous distribution of
nanofiller within the polymer matrix, and a strong interfacial adhesion between matrix and nanofiller [7].
Nevertheless, the chemical affinity between inorganic fillers of hydrophilic nature and nonpolar hydrophobic
polymers is low, which could be compatibilized by surface modification of the filler [8, 9].

Among the broad variety of inorganic fillers applied for the preparation of polymer nanocomposites,
halloysite nanotubes (HNT) received much attention in the last years [10]. HNT, having the molecular
formula of Al,Si,05(OH),.nH,0, are naturally occurring multi-walled inorganic nanotubes with high aspect
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ratio [11], showing a similar geometry to that of carbon nanotubes [12]. The HNT dimensions depend on the
deposits, showing lengths in the range of 1-15 um; inner diameters of 10-30 nm and outer diameter of 50-70
nm [13]. In contrast to most other clays, the majority of the aluminols are located in the interior of the HNT,
while the outer surface of the HNT are primary siloxanes, and few silanols/aluminols are exposed at the edges
of the sheets [14]. Due to the presence of these polar groups, HNT are extremely hydrophilic at its surfaces,
the organomodification is of great interest for application as filler in the nanocomposites field [15].

Clay modification with ionic liquids (IL) has been explored as a way to improve clay dispersion in
polymer matrices, thus increasing the final properties of resultant polymer nanocomposites. Within this
context, this report addresses the role of ionic liquid as surface modifiers of HNT (m-HNT) in the preparation
of compatibilized CP/HNT nanocomposites with improved performances.

EXPERIMENTAL

Materials

Braskem S.A. (Brazil) supplied CP with a melt flow index of 27.7 g/10 min (230 °C/2.16 kg)
and total ecthylene content of approximately 14 wt.-%. HNT was acquired from Sigma-Aldrich.
The ionic liquids used (Table 1) were produced by Ionic Liquids Technologies GmbH.

TABLE 1: Name and composition of ionic liquids

Ionic Liquid Abreviation Composition M.w (g.mol™)

1-Decyl-3-methylimidazolium

Tetrafluoroborate CioBF4 Ci4HyBEN, 310.18
1-Decyl-3-methylimidazolium

bis(trifluoromethylsulfonyl)imide CioNTH Ci6Ha7F6N3 0452 503.53

1-Methyl-3-octadecylimidazolium C1NTH, CoHuFN:OSS, 61574

bis(trifluoromethylsulfonyl)imide

Adsorption of IL onto HNTs

For the adsorption, approximately 20 g of HNT was dispersed in 120 mL of dry Acetone (A) or
Dichlomethane (D) and 0.0032 mol of ionic liquid was added (0,0064 mol for the double concentration
sample). The suspension was refluxed under inert atmosphere at 60 °C for 20 h with constant stirring. All m-
HNT samples were collected in a Buchner funnel, filtered and washed with dry acetone or dichloromethane to
remove non-reacted ionic liquid. Finally, all m-HNT were dried at room temperature for 24 h and under
vacuum at 70 °C until a constant weight were reached.

Melt processing of CP nanocomposites

The CP nanocomposites with 2.0 wt.% of nanofiller were processed using a twin screw co-rotating
extruder (Coperion ZSK18K38, screw diameter of 18 mm, L/D = 44), operating at 100 rpm with a constant
feed ratio of 2.5 kg/h and a temperature profile of 150, 160, 165, 170, 175, 180, 185 °C. The nanocomposites
were injection molded in a Battenfeld Plus 350/075 injection molding machine, keeping the temperature of
the barrel between 210 and 230 °C, and the mold was maintained at 60 °C. For comparison, neat CP and CP
nanocomposites with unmodified HNT were also processed under the same conditions. Samples are identified
with IL used followed by A for Acetone or D for Dichlomethane (sample with double concentration have a
number 2 before IL).

Characterization of CP/HNT nanocomposites
TEM (JEOL JEM-120 Ex IT) was used to examine the morphology, operating at an accelerating voltage of

80 kV. Ultrathin specimens (~70 nm) were cut from the middle section of injection-molded specimens, in the
perpendicular direction to the melt flow, under cryogenic conditions with a RMC CRX microtome. The
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microtome was equipped with a glass or diamond knife at -80 °C, and the film was retrieved onto 300 mesh
Cu grids.

Films for DSC and TGA analysis were obtained by compression molding at 190 °C. Thermal properties
were determined under a nitrogen atmosphere, using a DSC Thermal Analyst 2100/TA Instruments. The
samples were heated from 40 to 200 °C at a heating and cooling rate of 10 °C/min. Thermogravimetric
analyses were carried out using a TA model QA-50 instrument to obtain the decomposition profiles of CP
nanocomposites. The samples were heated under a nitrogen flow from 30 to 700 °C at a rate of 20 °C/min.

The mechanical properties of the nanocomposites were evaluated through tensile and impact strength
testing. Tensile tests were performed according to ASTM D638, specimen type I, on an universal tensile
machine (EMIC DL 10000 with extensometer) at a speed of 50 mm/min. Izod Impact tests were performed at
23 °C using a pendulum-type impact tester (Ceast, Resilimpact), according to ASTM D256. In both cases, six
specimens were analyzed, calculating the average and standard deviation.

RESULTS

Morphology

TEM micrograph of the CP/HNT (Fig. la) shows the presence of some agglomerates with a poor
distribution of the clay particles exhibiting compact nanotubes, consisting of various aluminosilicate sheets,
curved and closely packed with each other [16]. This confirms that only the shear forces during the processing
are insufficient to promote dispersion of the untreated clay particles. The morphologies obtained for CP/m-
HNT nanocomposites (Fig. 1b-f), despite the presence of some occasional agglomerates, show significant
improvements in the dispersion and more homogeneous filler distributions, independent of the solvent,
highlighting the role of the treatment with IL of hydrophilic HNT surfaces.

FIGURE 1. TEM images of (a) CP/HNT (b) CP/m-HNT C,oBF,-A (c) CP/m-HNT C,,BF,-D (d) CP/m-HNT C,(NTf,-D
(e) CP/m-HNT C;gNTf,-D (f) (¢) CP/m-HNT 2C sNT£-D.

When comparing the solvents used for the preparation of m-HNT, slight morphological differences were
observed in the final nanocomposites (Fig. 1b and ¢). For CP/m-HNT, the use of dichloromethane seems to
have induced a higher level of adsorption of the IL C;(BF, on the HNT surface. Mrozik et. al. [17] argued
that IL may dominantly be absorbed on HNT surface through hydrogen bonding between surface siloxane and
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hydrogens on the imidazolium ring. Due to the lower dielectric constant, the interaction of dichloromethane
with IL is smaller when compared to acetone, which enables the ionic liquid is more available to interact with
HNT surface. Consequently, a stronger interaction between the HNT and IL and the CP polymer chains was
reached, showing a better distribution of the clay particles.

The type of the anion and length of the alkylsilane compatibilizer exerts a neglectable influence on the
morphology of the nanocomposites (CP/m-HNT C,(NTf,-D and CP/m-HNT CgiNTf,-D), since the dispersion
of the filler within the matrix showed no significant differences (Fig. 5d-e). The application of m-HNT
2CsNTH,-D with a double IL concentration (Fig. 1f) promoted a better distribution with the presence of small
bundles and single dispersed nanotubes.

Mechanical Properties

The Young's Modulus and impact strength at 23 °C of neat CP and its nanocomposites are shown in Fig.
2, and all nanocomposites are afforded with increased Young's Modulus. The improvements in the Young’s
Modulus is generally attributed to the high stiffness and high aspect ratio of the HNT [18], which is also
related to the degree of dispersion and the interaction of the clay with the matrix [7].

For nanocomposites obtained with m-HNT the impact strength presented different results depending on
the IL used. The nanocomposites prepared with C;(BF; (CP/m-HNT C;(BF;-A and CP/m-HNT C,,BF,-D)
obtained a significant decrease in impact strength, independent of the solvent used. On the other hand, for the
CP/m-HNT C;(NTf,-D a slight increase was reached when compared neat CP. The use of an IL with higher
chain size (CP/m-HNT CgNTf,-D) promoted an increase in elastic modulus, consequently the higher rigidity
of the material causes a reduction on impact properties. The use of double concentration of IL in the CP/m-
HNT 2CgNTH,-D promoted improves in the elastic modulus without loss in the impact strength and may be
attributed to better interfacial adhesion between m-HNT and the CP matrix, allowing the IL to act effectively
as compatibilizer.
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FIGURE 2. Mechanical properties of CP and CP nanocomposites.
Thermal Properties

The thermal stability of nanocomposites was evaluated by TGA analysis. Table 2 presents the
characteristic temperatures Ty, Tsoy, and Tp, which correspond to the initial and final decomposition
temperature (10 wt.-% and 50 wt.-% degradation) and the maximum degradation rate, respectively, for the CP
nanocomposites with unmodified and modified HNT.

The CP/HNT nanocomposite presented a similar thermal behavior as the neat polymer, indicating no
changes in the degradation mechanism. This can be attributed to the HNT agglomerates (shown in Fig. 1a),
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which did not affect the thermal stability of CP [19]. For the nanocomposites obtained with m-HNT, the T},
Tso0, and Tp improved, and could be attributed the higher HNT dispersion that increases the length of the
tortuous path that hinders the diffusion of decomposition gases [5].

TABLE 2. Thermal properties of CP and CP nanocomposites.

Sample TGA (°C) DSC (°C)
TIO% TSO% TP Tm TC
CP 343 393 400 165 116
CP/HNT 338 395 408 165 117
CP/m-HNT C,,BF,-A 362 420 433 166 118
CP/m-HNT C,,BF,-D 369 432 452 166 118
CP/m-HNT C;(NT£,-D 344 400 412 165 118
CP/m-HNT Cx{NT£-D 358 420 427 165 118
CP/m-HNT 2C,;{NT£-D 364 420 433 166 118

The HNT and m-HNT nanoparticles did not affect the melt behavior (T,,) of the nanocomposites. In
contrast, the halloysite incorporation affected slightly the crystallization temperature, increasing from 116 °C
for neat CP to 118 °C for m-HNT nanocomposites. The halloysite filler acts as nucleation agent and better the
clay dispersion within the matrix, larger the number of nuclei, affecting the crystallization temperature.

CONCLUSIONS

The adsorption of ionic liquid m-HNT in the preparation of CP nanocomposites led to a more
homogeneous dispersion of the clay particles, increasing stiffness and thermal stability of samples. In
addition, the application of m-HNT modified with a more hydrophobic ionic liquid in higher concentration
promoted a better balance in mechanical properties and are suitable for many industrial applications.
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