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The interactions between [(3-cyclodextrin nanosponges and two different UV stabilizers (namely, 2-
hydroxy-4(octyloxy)-benzophenone and triphenyl phosphite) in the photooxidation of polypropylene
exposed to UV light have been investigated. A significant decrease of the oxidation induction time (OIT)
has been observed in presence of B-cyclodextrin nanosponges. On the contrary, the combination of
the above nanosponges with 2-hydroxy-4(octyloxy)-benzophenone turned out to be very efficient and
advantageous since a remarkable increase of OIT has been registered, namely a threefold increase of

Iéf/}cl r:;red;t:rins polypropylene OIT. This result has indicated a possible synergistic effect between the two species due to
Nanosponges the occurring of some chemical or physical interactions, verified by comparing the experimental results

and data calculated on the basis of simple additivity rule. Some hypotheses on the interaction mecha-
nism between the two species have been given. Conversely, no effect has been found for the triphenyl
phosphite-nanosponge pair.
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1. Introduction

Nowadays, the constantly growing demand to develop novel
polymers or composites with attractive properties has affected
remarkably both the academic and the industrial research activ-
ities based on materials engineering. In this scenario, polymer
nanocomposites have recently received considerable attention
since the successful attempts to develop a montmorillonite-
reinforced polyamide 6 by Toyota group (Kojima et al., 1993).
Indeed, this relatively new class of materials shows a wide vari-
ety of desirable properties compared to both neat polymers and
conventional composites because of the nanometric size dispersed
particles. Among the numerous properties that can be modified by a
very low inorganic content (<5 wt.%), the observed improvements
include increased moduli and tensile strength, heat resistance, and
decreased gas permeability and flammability (Okada & Usuki, 2006;
Pinnavaia & Beall, 2001; Ray & Okamoto, 2003). In the last decade,
specific attention of the researchers has been focused on the possi-
bility to exploit nanocomposite materials with the aim of increasing
the UV stability of polymers under natural or accelerated condi-
tions. Such polymers, as polypropylene (Bocchini, Morlat-Therias,
Gardette, & Camino, 2007; Bocchini, Morlat-Therias, Gardette, &
Camino, 2008; Diagne, Gueye, Vidal, & Tidjani, 2005; Diagne,
Gueye, Dasilva, Vidal, & Tidjani, 2006; Diagne, Gueye, Dasilva, &
Tidjani, 2007; Ding & Qu, 2006; Lonkar, Therias, Caperaa, Leroux,

* Corresponding author. Tel.: +39 0131 229399; fax: +39 0131 229337.
E-mail address: jenny.alongi@polito.it (J. Alongi).

0144-8617/$ - see front matter © 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.carbpol.2011.04.022

& Gardette, 2010; Morlat, Maihlot, Gonzalez, & Gardette, 2004;
Morlat-Therias, Mailhot, Gonzalez, & Gardette, 2005a; Qin et al.,
2005), polyethylene (Qin, Zhao, Zhang, Chen, & Yang, 2003; Qin
et al, 2004; Morlat-Therias et al., 2008; Magagula, Nhalpo, &
Focke, 2009; Kumanayaka, Parthasarathy, & Jollands, 2010) and
their blends (Botta, Dintcheva, & La Mantia, 2009) or copolymers
(Morlat-Therias et al., 2005b), polystyrene (Bottino, Di Pasquale,
Fabbri, Orestano, & Pollicino, 2009; Leroux, Meddar, Mailhot,
Morlas-Therias, & Gardette, 2005), polyurethanes (Mailhot et al.,
2008), epoxy resins (Chen, Wang, Liao, Mai, & Zhang, 2007) and
polylactic acid (Bocchini et al., 2010), have been blended in bulk
with some natural or organo-modified montmorillonites, hydro-
talcites, bohemites, silica and titania. The effect of these novel
additives has been thoroughly investigated; in particular, their role
on polymer photooxidation has been evaluated from the chemical
and physical interaction point of view.

As far as polyolefins are considered, the most relevant results
published in the literature are all in agreement and have shown
that nanoparticles (regardless of the type) are responsible of the
accelerated photodegradation of polypropylene and polyethylene.
For example, referring to montmorillonite-based nanocompos-
ites, Morlat-Therias et al. (2005a) in very detailed papers (Morlat
et al,, 2004) have recently tried to explain the mechanism by
which nanoparticles can affect polyolefin degradation by evalu-
ating relevant aspects of the phenomenon, such as the influence
of compatibilizing agent in nanoclays (Morlat et al., 2004) or the
interactions between nanoclays and antioxidants (Morlat-Therias
et al., 2005a). Their results reveal that the presence of clay and
its compatibilizer (alkylammonium cations) dramatically modifies
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polymer oxidation, leading to a shortening of the induction time.
Namely, the efficiency of the stabilizer introduced in the polymer
matrix turns out to be strongly reduced due to: (i) the degradation
of alkylammonium cations in the clay, which can be sensitive sites
in terms of radical initiation; and/or (ii) the presence of structural
iron as clay impurity, that can have a photocatalytic effect and/or
(iii) the adsorption of stabilizer itself onto the clay platelets, which
can partially inhibit its activity.

Although it is very difficult to establish a proper hypoth-
esis to explain the loss of polyolefin photostability, the most
plausible reason seems to be due to the catalytic effect of
iron impurities of nanoclays. Indeed, an analogous study on
polyethylene stabilized with different UV antioxidants and metal
deactivators has allowed to support this hypothesis (Morlat-
Therias et al., 2008). The collected data by Morlat-Therias
and coworkers have shown that the most efficient stabilizer
in linear low density polyethylene nanocomposites is a metal
deactivator, 2-(4,6-bis(2,4-dimethylphenyl)-1,3,5-triazin-2-yl)-5-
(octyloxy)phenol (Cyasorb® UV-1164 by Cytec), able to cancel out
the photodegradative effect of the iron present in the clay.

The aim of the present work is to study the influence and
the role of B-cyclodextrin nanosponges in the photooxidation of
polypropylene. The nanosponges employed in the present study
have been synthesized by crosslinking [(3-cyclodextrins (cyclic
oligosaccharides formed by 6-8 glucose molecules bonded with
a a-1,4-glycosidic bond, having a characteristic truncated cone
structure) in presence of organic carbonates forming a network
characterized by both the internal cavities of cyclodextrins and the
external holes among nanosponges, as shown in Fig. 1.

These nanoparticles represent a novel class of materials usu-
ally obtained by natural derivatives of starch. As compared to the
other nanoparticles, they are insoluble both materials in water and
organic solvents, porous, non toxic and stable at high tempera-
tures (up to ca. 300°C). They are able to capture, transport and
selectively release a huge variety of substances because of their
3D structure containing cavities of nanometric size and tunable
polarity. Furthermore, nanosponges show a remarkable advantage
in comparison with the common nanoparticles: indeed, they can be
easily regenerated by different treatments, such as washing with
eco-compatible solvents, stripping with moderately inert hot gases,
mild heating, or changing pH or ionic strength. For all these char-
acteristics, nanosponges have been already employed in different
applied fields, such as cosmetic and pharmaceutical sectors (Cavalli,
Trotta, & Tumiatti, 2006; Di Nardo et al., 2009; Swaminathan, Vavia,
Trotta, & Torne, 2007; Swaminathan et al., 2010a, 2010b; Torne,
Ansari, Vavia, Trotta, & Cavalli, 2010), flower cultivation (Boscolo,
Trotta, & Ghibaudi, 2010) and flame retardancy of polymers (Alongi,
Poskovic, Frache, & Trotta, 2010).

Our study should open a novel field of investigation from the
present state of the art, since the nanosponges under evalua-
tion are only based on 3-cyclodextrins and, therefore, should not
present the same problems of the common nanoparticles linked
to iron impurities. Furthermore, having internal and external cav-
ities, they could be able to host and protect UV stabilizers. With
this aim, two different kinds of stabilizers (2-hydroxy-4(octyloxy)-
benzophenone and triphenyl phosphite) have been mixed with
nanosponges, and the synergistic effect of these two species have
been assessed in order to understand the possible chemical or phys-
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Fig. 1. Chemical structure of 3-cyclodextrin unit and -cyclodextrin nanosponges.
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Table 1
UV stabilizers under study.

Code Name Chemical structure

0 OH
HOBP 2-Hydroxy-4(octyloxy)-benzophenone O O
TPP Triphenyl phosphite

o—d

d’@

ical interactions occurring between them. Specific attention has
been given to the influence of each component on the oxidation
of the polymer matrix.

2. Experimental part
2.1. Materials

Polypropylene (HP500N®, highly isoctatic, semi-crystalline,
nucleated homopolymer, MFI=12g/10min following 1SO1133
standard) was supplied by Basell S.p.A. -cyclodextrin
nanosponges (NS) were laboratory preparation following the
detailed procedure described elsewhere (Alongi et al., 2010). Two
different kinds of UV stabilizers, namely 2-hydroxy-4(octyloxy)-
benzophenone (HOBP) and triphenyl phosphite (TPP), both reagent
grade, were purchased from Sigma Aldrich Inc. and Ciba, respec-
tively and used as received. Their chemical structure is given in
Table 1.

2.2. Preparation of NS/stabilizer pairs

NS/stabilizer (HOBP or TPP) pairs were prepared by simple
mechanical grinding with a weight ratio of 1:1 for NS:HOBP and 2:1
for NS:TPP systems, respectively. The above concentrations were
chosen on the basis of preliminary studies carried out in order to
optimize this ratio.

2.3. Preparation of PP-based composites and films

PP-based composites were prepared by melt blending, mixing
PP with NS, or stabilizers, or preformed NS/stabilizer pairs, respec-
tively, using a mini twin screw extruder (MINI TSE DSM Model) at
190°C, 60rpm for 4 min. These mixing operations were found to
achieve optimum conditions since they guarantee a close interac-
tion between NS and stabilizer. Indeed, for this purpose, a sample
containing 0.05 wt.% of NS and 0.05 wt.% of HOBP (PPO1NSHOBP")
was prepared mixing PP and NS and, subsequently, HOBP, without
a previous mixing of nanosponges and stabilizer, and compared
with the analogous formulation prepared by the first approach
(PPOINSHOBP). The prepared formulations are summarized in
Table 2.

Films for photooxidation were prepared using a laboratory
hydraulic press, i.e. a film-maker machine (Specac In.) operating
at 190°C using a pressure of 2.5 ton for 3 min. The film thickness
was measured by a micrometer. Sample thickness was maintained

below 25 pm, i.e. a thickness that avoids the effect of oxygen per-
meation on photooxidation rate.

2.4. Irradiation

The films were irradiated at A >300 nm in air at 60 °C in a SEPAP
12/24 unit (ATLAS) by cycle of 4/8 h with total exposition of 100 h.
Such apparatus is designed to evaluate the accelerated artificial
photodegradation, in conditions similar to natural outdoor weath-
ering (Philippart, Sinturel, & Gardette, 1995) and is equipped with
four medium-pressure mercury lamps covered with borosilicate
envelope, which filters wavelength below 300 nm.

2.5. Characterization

The surface morphology of the prepared samples has been
detected using a Scanning Electron Microscope (SEM, LEO 1450VP).
Film pieces (0.5 mm x 0.5 mm) have been fixed to conductive adhe-
sive tapes and gold-metalized.

The photooxidation of the prepared films was followed by
infrared and UV-visible spectroscopy. Infrared spectra of films
were recorded using a Nicolet 5SX-FTIR spectrometer and the spec-
tra were obtained by 32 scans with a resolution of 4cm~'. The
photooxidation process was controlled by infrared spectroscopy
monitoring the absorbance band at 1717 cm~! which increases as
a function of the irradiation time. In order to eliminate any differ-
ence due to film thickness, the absorbance was normalized to the IR
absorption band at 2723 cm~! (characteristic vibration stretching
band of PP). The UV-visible spectra of films were recorded using a
Shimadzu UV-2101 PC spectrometer equipped with an integrating
sphere.

Table 2
Formulations under study.

Sample NS content HOBP content TPP content
(wt.%) (wt.%) (wt.%)
PPO1INS 0.100 - -
PPOTHOBP - 0.100 -
PPO1TPP - - 0.100
PPO1NSHOBP' 0.050 0.050 -
PPO1NSHOBP 0.050 0.050 -
PPO2NSHOBP 0.100 0.100 -
PPOINSTPP 0.050 - 0.050
PPO2NSTPP 0.100 - 0.100

" Sample prepared by mixing together PP, NS and HOBP, without previously mix-
ing nanosponges and stabilize.
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Fig. 2. FTIR spectra of nanosponges, stabilizers and their mixtures.

3. Results and discussion

3.1. Spectroscopic characterization of NS, stabilizers and their
pairs

FTIR spectra of the NS sample, the two stabilizers and
their binary combinations, respectively, are plotted in Fig. 2.
Nanosponges show a not well resolved spectrum, characterized by
low intensity; nevertheless, it is very similar to that of single 3-
cyclodextrins (Belyakov et al., 2005). Indeed, with the exception of
the typical band at 1760 cm!, due to carbonyl group of carbonate
bridges linking cyclodextrin units, it is possible to observe the sym-
metrical and asymmetrical vibration modes of methylene groups at
2920 cm™!, close to the stretching of hydroxyl group at 3300 cm™!,
the stretching of ether group at 1160 cm~! and of carbon skeleton at
1029 cm~! (Belyakov et al., 2005). Referring to HOBP, its FTIR spec-
trum reports the characteristic signals of a hydroxyl benzophenone,
in which it is possible to assign absorbance bands correspond-
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Fig. 3. UV-visible spectra of unloaded and loaded PP films. Fig. 4. SEM magnifications of PPOINS (a) and PPOTINSTPP (b).



J. Alongi et al. / Carbohydrate Polymers 86 (2011) 127-135

ing to O-H stretching at 3300cm~"!, aromatic C-H stretching at
3060cm~!, aliphatic CHs stretching at 2900 cm~!, C-H stretch-
ing of the alkoxy group O-CH,-R at 2850cm~!, C=0 stretching
at 1620cm~!, 0-C=C stretching at 1570cm~!, plus three bands
from 1450 to 1550cm~! attributed to C=C stretching of the aro-
matic group, and Ph-O-R stretching of ether group at 1345 and
1260 cm~1. The FTIR spectrum of HOBP-based pair is a perfect over-
lapping of the spectra of the components, and, indeed, it is possible
to distinguish all bands of both constituents.

As far as TPP is considered, as already demonstrated in a previ-
ous work (Alongi et al., 2010), signals relative to aryl CH; stretching

0.6 1

131

(3060cm™1), aryl C=C stretching (1600cm~!), P-O-Ar stretch-
ing (1230 and 1160cm~1), P-O-C skeleton stretching (1000 and
750cm~1) and P-O-C stretching (790 cm~1) can be distinguished.
Considering the spectrum of NS/TPP pair, it is possible to reach
the same conclusions as for the pair containing HOBP: a perfect
overlapping of signals coming from each component is observable.

The UV spectra of polypropylene and nanosponge-containing
polypropylene clearly show the presence of a hindered amine-
based antioxidant, already present in the neat polyolefin, with
a typical absorbance at ca. 211 and 232 nm (Fig. 3). This stabi-
lizer could affect the photooxidation of the formulations under
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Fig. 5. FTIR spectra of a neat PP film (a) and of PP films containing 0.1 wt.% of NS (b), HOBP (c), TPP (d) and NSHOBP (e) photooxidized at A >300 nm in the regions of 3600-3000

and 1900-1600 cm~".



132 J. Alongi et al. / Carbohydrate Polymers 86 (2011) 127-135

study due to possible in the reactions with NS, as evidenced by
its absorbance shifting to higher wavelengths.

On the other hand, HOBP-based PP film presents the typical
absorbances of an aromatic compound at 232, 262 and 303 nm.

As far as the morphology of NS-based samples is considered, the
electron microscopy has detected a fine and homogeneous disper-
sion of the nanoparticles within the polymer matrix, as shown by
two SEM magnifications of PPO1NS and PPO2NSHOBP, respectively

(Fig. 4).

3.2. Photooxidation of PP films

As well reported in the literature, the photooxidative degrada-
tion mechanism of a polymer (in this framework isotactic PP) can
be easily studied by IR and UV-visible spectroscopies monitoring
its structural changes and evaluating the formation of photodegra-
dation products.

The evolution of unloaded PP structure in terms of infrared
characterization during the irradiation exposure is reported in
Fig. 5a. According to the literature (Bocchini et al., 2007, 2008;
Diagne et al., 2005, 2006, 2007; Ding & Qu, 2006; Lonkar et al.,
2010; Morlat et al., 2004; Morlat-Therias et al., 2005a; Qin et al.,
2005), the shape of FTIR bands in spectra recorded after expo-
sure of the various samples to UV light in ambient atmosphere
have revealed remarkable changes of the material chemical struc-
ture. As shown in Fig. 5a, an increase of absorbance has been
observed in two spectral domains of PP corresponding to the
hydroxyl (at 3400cm~!) and carbonyl (at 1717 cm~!) stretching
vibration modes. This trend is in agreement with what has been
found in the literature, i.e. the photooxidation of polypropylene
results in the formation of hydroxyl (mainly hydroperoxides and
alcohols) and carbonyl groups, easily detectable in the 3200-3600
and 1600-1800cm™! region, respectively (Morlat-Therias et al.,
2005a). More in detail, in the region centered at around 1717 cm™!,
it is possible to distinguish some signals of photoproducts iden-
tified as a-methylated carboxylic acids, esters, and y-lactones at
1715, 1735 and 1770 cm™1, respectively. As a matter of fact, the
attribution of the band at 1735 cm~! is still open to debate: indeed,
it is postulated to result either from the carbonyl group of esters
(Geuskens & Kabamba, 1987) or from the carbonyl vibration of car-
boxylic acids associated with hydroxyl groups (Swern, Witnauer,
Eddy, & Parker, 1955).

3.3. Photooxidation of NS and NS/stabilizer-based PP composites

The FTIR spectra recorded during photooxidation of the NS-
based PP nanocomposite film have shown notable changes. The
main modifications of these spectra upon irradiation in the pres-
ence of oxygen are an increase of absorbance in the two domains
of infrared region corresponding to the hydroxyl and carbonyl
regions (Fig. 5b). The shape of the oxidation bands are similar to
that observed for polypropylene film (Fig. 5a). Furthermore, when
comparing Fig. 5a with b, the relative intensities of both bands are
similar to those reported in the case of neat PP. Analogous con-
siderations can be argued for films containing HOBP (Fig. 5¢) and
TPP (Fig. 5d) as well as when NS are mixed with stabilizers. Refer-
ring to the overall content of nanosponges and stabilizers, two
different ratios (0.1 and 0.2 wt.%, respectively) have been inves-
tigated (namely, PPOINSHOBP and PPO2NSHOBP, PPO1NSTPP and
PPO2NSTPP) and negligible variations have been observed. As an
example, FTIR spectrum of photooxidized PPO2NSHOBP film is plot-
ted in Fig. 5e.

This finding points out that the mechanism of polymer oxidation
is not modified by the presence of nanosponges.
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Fig.6. Change of absorbance as a function of irradiation time for films photooxidized
at A >300 nm of unloaded PP, NS- and HOBP-loaded PP (a), and NS- and TPP-loaded
PP (b).

3.4. Rate of photooxidation of NS and NS/stabilizer-based PP
composites

The kinetic curves of oxidation detected by infrared spec-
troscopy have been plotted in Fig. 6(a and b). Because of a slightly
different thickness of the various films, the absorbance of each sig-
nal has been normalized to the band at 2723 cm~!, as mentioned
in Section 2.

The increase of absorbance vs. irradiation time has been mea-
sured at the maximum of the carbonyl band centered at 1717 cm™!
for PP films containing either NS, or stabilizers, or their mixtures.
All the plotted curves are characterized by a more or less extended
induction period, during which no oxidation of the polymer is
observed thanks to an unknown processing stabilizer present in it.
This aspect has already been observed in the UV-visible character-
ization of neat PP (Fig. 3). When NS, or stabilizers, or their mixtures
are added to the polymer matrix, the above induction time turns
out to be strongly dependent on the type of sample, as shown in
Table 3 where the Oxidation Induction Time (OIT) and the subse-
quent rate of photooxidation are collected for all the formulations
under study.

Generally, it is possible to observe that NS and stabilizers
together affect drastically the OIT, while the photooxidation rate
of PP (calculated as the slope of the interpolating curve in Fig. 6)
remains almost constant within the experimental error, with the
exception of PPO2NSHOBP.

When nanosponges alone are added to polypropylene, they turn
out to be ineffective to prevent its photodegradation: indeed, the
OIT of PP is decreased from 12 down to 8 h, whereas HOBP and
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After 44h of exposure
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Fig. 7. UV-visible spectra of unloaded and loaded PP films photooxidized for 44 h
at A>300 nm.

Table 3
Oxidation induction time (OIT) and photooxidation rate of NS and NS/stabilizer-
based PP films.

Sample OIT (h) Rate (h~!' x 1072)
PP 12 52402
PPOINS 8 54402
PPO1HOBP 28 5.8 +0.2
PPO1NSHOBP’ 16 6.1+0.1
PPO1NSHOBP 16 54+ 0.1
PPO2NSHOBP 38 1.1+£0.1
PPO1TPP 32 52+ 0.1
PPO1NSTPP 24 51+0.1
PPO2NSTPP 28 52+ 0.1

" Sample prepared by mixing together PP, NS and HOBP, without previously mix-
ing nanosponges and stabilize.

TPP are able to increase it from 12 up to 28 h and 32 h, respectively
(Table 3).

On the other hand, by mixing NS with HOBP, OIT results to
be dependent on the overall content of the mixture: indeed,
if the concentration is low, namely 0.1wt.% (PPOINSHOBP and

PPOINSHOBP®), OIT of PP is slightly increased (16 vs. 12h).
On the contrary, when the employed concentration is doubled
(PPO2NSHOBP), a significant increase of OIT (38 vs. 12h) and a

=

Fig. 8. Schematic representation of the interactions between NS and HOBP molecules.
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remarkable decrease of photooxidation rate (1.1 vs. 5.2 x 10-2h~1)
have been recorded.

The same OIT value for PPOINSHOBP and PPOINSHOBP" show
that the preparation method of the NS/stabilizer pair does not affect
the induction time.

In the same graph (Fig. 6a), the calculated curve of PPO2NSHOBP
has been added and compared with the experimental curve. The
calculated curve has been plotted evaluating the contribution of
each species independently, on the basis of additivity rules. The
comparison between these two curves shows that a possible syner-
gistic effect between the two species may exist, as the experimental
curve does not overlap with the calculated one. If the above two
species do not interact at all, the OIT should be shorter than
recorded (theoretically 8 or 28 h, in relation to the highest contribu-
tion of NS or HOBP, respectively). On the contrary, the experimental
OIT of this sample is higher (38 h) and this evidences and supports
a synergistic action between NS and HOBP.

This hypothesis has been confirmed by comparing the
UV-visible spectra of PPO1NS, PPO1THOBP and PPO2NSHOBP after
44h of exposure: as shown in Fig. 7, after this period, the
HOBP is still present within the polymer matrix and is able
to slow down the photooxidation kinetics of polypropylene
(indeed, OIT of PPO2NSHOBP is increased as referred to that of
PP and PPOTHOBP). This can be explained by hypothesizing that
a fraction of the loaded HOBP has been entrapped within the
cavities of nanosponges and, in this manner, protected by this
network.

Although it is very difficult to establish a proper hypothesis
to explain the interaction mechanism, the most plausible rea-
son seems to be attributable to the formation of hydrogen bonds
between the carbonyl group of HOBP and the hydroxyl groups of
cyclodextrin and between the hydroxyl group of HOBP and the car-
bonyl group of the carbonate bridges. It is possible to suppose that
HOBP has been directly entrapped within the truncated cone cavi-
ties of cyclodextrins or stays within the cavities of nanosponges that
form the network. A scheme that could describe these interactions
has given in Fig. 8.

Diametrically opposite is the trend when NS are combined with
TPP (Fig. 6b). Indeed, when TPP acts alone, the OIT of polypropylene
increases from 12 up to 32 h; on the contrary, in combination with
NS, the OIT decreases from 32 down to 24 h and 28 h, in relation to
the overall content. The above results underline that the use of this
pair is not advantageous if compared with TPP alone.

4. Conclusions

In the present paper, the photooxidation of polypropylene-
based composites containing [3-cyclodextrin nanosponges has
been studied by monitoring the structural changes of the poly-
mer matrix and evaluating the formation of photodegradation
products trough IR and UV-visible spectroscopies. Further-
more, the influence and the role of two stabilizers (namely,
2-hydroxy-4(octyloxy)-benzophenone and triphenyl phos-
phite) combined with nanosponges on the photooxidation of
polypropylene-based composites exposed to UV light has been
investigated.

The main results collected have been: (i) a significant
reduction of the oxidation induction time in presence of [3-
cyclodextrin nanosponges alone; (ii) a remarkable OIT increase
when nanosponges are combined with 2-hydroxy-4(octyloxy)-
benzophenone; (iii) a possible synergistic effect between the two
species, probably due to some chemical interactions; (iv) a low
OIT when triphenyl phosphite is employed in combination with
nanosponges. This pair turned out to be less efficient than TPP
alone.
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