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Cover letter

Dear Editor,

We are pleased to submit our manuscript entitled: “Effect of an organoclay on the photochemical

transformations of a PBAT/PLA blend and morpho-chemical features of crosslinked networks”.

This work is focused on the study of photochemical transformations occurring on a commercial blend based
on poly(butylene adipate-co-terephthalate) (PBAT) and poly(lactic acid) (PLA), in the presence of an
organoclay. The materials underwent accelerated weathering at 70 °C under UV-exposure and the time-
dependent evolution of physicochemical properties was monitored, aiming at providing a robust relationship
between photo-induced structural changes and macroscopic properties. The degradation of materials, at the
early stage of exposure, was mainly governed by Norrish I and Il scission reactions, while crosslinking events

involving PBAT radicals became the prevalent mechanism in long-term irradiated samples.

Nanoclay, owing to the presence of iron ions and alkylammonium salts, exerted a remarkable pro-degradant
effect, thus increasing not only the kinetics but even the propagation depth of all the photolytic reactions. In
this latter regard, the analysis of insoluble fractions extracted from nanocomposites pointed out that free-
standing structures with interconnected pores were formed, displaying an unprecedented thickness as great as
100 um, i.e., 10 times higher than the values typically reported for the propagation of photodegradation
pathways in PBAT films. What is more, the pore architecture and chemical structure of such crosslinked

networks proved to change depending on organoclay content of films.

The outcomes of this research, beyond the in-depth understanding of photochemical aging of PBAT/PLA
blends in the presence of an organoclay, might even pave the road for the future development of porous
structures from bioplastic wastes. In this context, giving the fact that photochemical weathering is well-known
to dramatically affect the biodegradability of PBAT-based materials, the possibility to reuse them to fabricate
high-added value porous materials may partially mitigate their overall environmental impact, in full

compliance with circular economy and zero-waste concepts.

Therefore, owing to the novelty and the relevance of results, which encompass both chemical and engineering
aspects of polymer degradation, we hope that the paper can be suitable for being published on Polymer

Degradation and Stability.
Sincerely yours,

Roberto Scaffaro

Andrea Maio

Michele Gammino

Francesco Paolo La Mantia
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e Thick films made of PBAT, PLA and nanoclay were UV-irradiated for 120 hours.
e Photodegradation of PBAT/PLA blend involved scission and crosslinking events.
Clay increased propagation depth of photochemical pathways by 10 times.

e Freestanding, well-organized structures with interconnected pores were isolated.
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10 e Clay content influenced morpho-chemical features of crosslinked networks.
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Abstract

In this work, we report the effect of an organoclay on the photochemical weathering of
nanocomposites based on a poly(butylene adipate-co-terephthalate) (PBAT)/poly(lactic acid) (PLA)

blend.

The evolution of physicochemical properties was monitored by integrating several techniques. The
results demonstrated the pro-degradant role of nanofiller, which promoted both scission and
crosslinking photochemical reactions, with the former being dominant at the early stages of photo-
oxidation, and the latter prevailing after long-term exposure. A robust relationship was found
between the molecular transformations of the polymer macromolecules and the morpho-mechanical

properties of irradiated films.

Moreover, the analysis of insoluble fractions extracted from nanocomposites pointed out that free-
standing, porous structures, displaying an unprecedented thickness as great as 100 um, were
formed, thus unambiguously demonstrating that the organoclay increased the propagation depth of
photochemical crosslinking reactions by 10 times with respect to previously reported results on
PBAT. The pore architecture and chemical structure of such crosslinked networks proved to change

depending on organoclay content of films.
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1. Introduction

The evolution of bioplastics related research has recently changed directions and guidelines, with
the latest generation of green materials moving toward the development of durable bioplastics[1].
The goal is to conjugate the low environmental impact of bioplastics, made by renewable carbon
sources, with the achievement of good mechanical performance and durability, so as to render these
materials desired for long-term applications in automotive, electronics and other fields[1,2].
Therefore, the ultimate challenge is to achieve bioplastics that are capable of resisting against UV,
heat, and mechanical solicitations during their lifetime, while offering the possibility to be

disintegrated in ad hoc designed, appropriate conditions at their end-use [3].

Unfortunately, currently widespread bioplastics often show many drawbacks both in durability and
controlled disintegrability, but even in terms of poor mechanical toughness and strength [1,3].
Performance limitations and high cost of such green polymers could be mitigated through the
incorporation of nanofillers [4—6]. In this perspective, nanoclays, nanocarbons and even renewable
nanoparticles, including nanocellulose or lignin, have been studied as promising fillers for
bioplastic-based nanocomposites [7-13]. However, while the effect of such additives on the
mechanical and thermomechanical properties of various bioplastics was abundantly studied, their

effect on the durability of resulting materials have been only occasionally reported [9,13,14].

In the frame of this work, we examined the case of a commercial blend based on Poly(lactic acid)
(PLA) and Poly(butylene adipate-co-terephthalate) (PBAT), which are considered among the most
promising biodegradable polymers, reinforced with relatively small amounts of an organoclay
(Cloisite 15A). In fact, although both PLA and PBAT belong to renewable and compostable poly-a-
esters, their degradation under UV-exposure may be triggered in different ways and therefore
follow different pathways [2,15,16]. Furthermore, the presence of metal ions and alkyl ammonium

salts in such nanofillers is supposed to somehow affect the photochemical transformations of



PBAT/PLA blend, whose comprehension could be useful to provide further guidance on the

development of durable bioplastic-based nanocomposites for outdoor applications.

2. Experimental section

2.1 Materials

A commercial PBAT/PLA blend (trade name: Ecovio F23B1, BASF, Germany), consisting of 84%
PBAT, 4% of PLA, and 12% of inert particles/additives was selected as a matrix [17]. According to
technical datasheet, it is fully compostable and displays density of 1.25 g/cm® and MFI about equal

to 10 g/10 min (at 190°C and 5 Kg).

The nanofiller adopted in this study is a sample of Cloisite 15A (CL15A), i.e., a montmorillonite
modified with alkyl ammonium salts, produced by Southern Clay Product. The organic modifier
consists of two methyl groups and two organophilic tails (HT). The amount of organic modifier

(MER) used is 95 meq/100g.

Prior to processing, all the materials underwent vacuum-drying at T=70 °C for 4 hours, aiming to

prevent hydrolytic degradation of the polymers during processing.
2.2 Preparation of nanocomposites

The process adopted to fabricate nanocomposite sheets is schematized in Figure 1.
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Figure 1. Fabrication route to obtain nanocomposites.

More in detail, nanocomposites containing either 2 or 5 wt.% CL15A, respectively indicated as C-2
and C-5, were prepared by using a twin-screw extruder. Thermal extrusion profile chosen was (from
feeding to die): 160-170-170-180-180-190 °C. The material coming from extruder was then
processed into 300 pum thick films by compression molding (T=190 °C, p=8 bar), by using a

laboratory press (Carver, USA).

2.3 Photodegradation tests

The films obtained have been subjected to accelerated weathering at 70 °C in Q-UV chamber
(QLabs Corp., USA) equipped with eight UVB-313 lamps by irradiating the samples respectively

for 6, 12, 24, 48, 120 h.

2.4 Characterizations

Pristine and photo-oxidized films, as well as their corresponding gel fractions, were characterized
from a morphological, chemical, physical, and mechanical point of view. Morphology has been
investigated by scanning electron microscopy (SEM) imaging, carried out with a Phenom Pro X

instrument (Thermo Fisher Scientific, Waltham, MA, USA).



Mechanical properties of the samples were evaluated by tensile tests, performed by means of an
Instron 3365 (Instron, Norwood, MA, USA) dynamometer, by imposing an initial crosshead speed
of 1 mm/min (until 3 min), and a second crosshead speed increased to 100 mm/min, up to specimen
failure, according to ISO 527-3 standard. At least 10 replicates for each experimental run were
tested and the salient data, i.e.: elastic modulus (E), tensile strength (TS) and elongation at break

(EB), were provided as mean values and standard deviations.

Melt flow index (MFI) measurements were conducted at 190°C and 5 Kg by means of a CEAST

(Italy) equipment.

Photo-degraded samples were then extracted in a Soxhlet apparatus using boiling chloroform,

aiming to analyze the gel fraction formed.

In order to consider solely the gel formed due to photolysis, apart from the contribution of eventual
mineral residue of clay and other additives trapped in the filter and of PBAT crosslinked during

processing, photo-triggered gel fraction (Gel,_.%) was assessed by equation (1):

Gel,_+% = wloo (1)

Wgel,o

Where W, (t) and Wy, o respectively indicate the gel amounts at a given exposure time and at t=0.

Photochemical transformations of the materials were analyzed by Fourier-transform infrared (FTIR)
spectroscopy in attenuated total reflection (ATR) mode, using a FT-IR/NIR Spectrum 400
spectrophotometer (Perkin-Elmer, Waltham, MA, USA). Spectra were obtained in the 4000-400
cm* wavenumber range, by collecting 32 scans with resolution equal to 4 cm™. Investigations were
performed onto both films and gel fraction extracted. When needed, spectra were deconvoluted by

multi-peak fitting analysis (Origin Lab 9.0 software).

It was evaluated the irradiation time-dependent evolution of spectral features of particular interest,

including the characteristic bands of PBAT and PLA and those attributable to emerging functional



groups, including hydroxyl, methyl, aldehyde and various tri-substituted benzenes and

benzophenone-like structures.

3. Results and discussion
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Figure 2. Visual analysis of macroscopic changes occurred during photo-oxidation: digital

photographs of the surface of irradiated samples.

Figure 2 provides the digital photographs of the surfaces exposed to UV-irradiation of 2-C and 5-C
films. The impact of photochemical degradation on the appearance and physical properties of
samples appeared quite clear yet at a macroscale level, with all the irradiated specimens showing a
progressive yellowing that became particularly evident in long-term photolyzed films, reasonably

due to the formation of chromophore compounds.

Beyond this, the typical flexibility of such materials proved to be gradually suppressed with

outstanding embrittlement. Hence, the irradiation time-dependent evolution of mechanical



properties was monitored, and the salient results obtained by tensile tests, in terms of elongation at

break (EB), and elastic modulus (E) are respectively provided in Figure 3 a-b.
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Figure 3. Evolution of elongation at break (a) and elastic modulus (b) as a function of irradiation
time. Inset of panel (a) provides the retention of the initial ductility for all the samples.



Although the dimensionless elongation at break of all the samples proved to decrease as a function
of irradiation time, such reduction was found to be more dramatic and rapid for nanocomposites,
especially at high clay content. In fact, while 0-C and 2-C films irradiated for 6 h retained 60% of
their initial deformability, ductility retention of 5-C series materials in the same conditions was only
17%. It is worth mentioning that clay content affected such decay until 48 h exposure, while long-
term irradiated nanocomposites displayed practically the same values of ductility retention,

regardless of filler concentration.

As regards elastic modulus (Fig. 3b), the effect of formulation on unirradiated samples is quite
significant. In fact, at t=0, stiffness of nanocomposites proved to monotonically increase with filler
content, going from 110 MPa for neat polymer up to 230 MPa (for 5-C). This is expectedly due to
the stiffness contrast between matrix and filler and intercalation/exfoliation phenomena, abundantly

reported in literature [18-21].

However, despite their starting differences, all the materials experienced an initial decrease of
elastic modulus as a function of irradiation time until 12 hours. Thereafter, a progressive increase of
this property was observed for nanocomposite systems and, at the end of experiment (=120 hours)
2-C showed elastic modulus even higher than that exhibited before irradiation. The apparently
strange behavior of such curves might be due to the concomitance of several phenomena with
opposite repercussions on this property. In fact, Ecovio is a blend of two polymers that follow
different photochemical transformations, when exposed to UV-light. More in detail, PLA phase is
known to undergo Norrish |1 scission events with a progressive shortening of polymer chains that
may provoke a decay of elastic modulus [2]. On the other hand, in a semi-crystalline polymer as
PLA, the shorter the chains, the higher their ability to crystallize with obvious stiffening and

embrittlement [22,23]. Regarding PBAT phase, instead, UV exposure is known to cause



simultaneous cross-linking and cleavage of PBAT chains, thus leading to the formation of both an

insoluble polyester network and low molar mass PBAT chain fragments [24-26].

The outcomes of mechanical tests were corroborated with MFI and spectroscopic analysis, aiming

to provide a deeper comprehension of the complex photochemical transformations occurred in such

systems.

MFI values as a function of irradiation time are reported in Figure 4.
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Figure 4. Melt Flow Index of 0-C, 2-C and 5-C, plotted as a function of irradiation time.

Expectedly, and in full agreement with mechanical results, MFI follows the opposite trend as that of
elastic modulus: at low irradiation times, namely at t=6 h, all the materials experienced an increase
of fluidity, reasonably due to decay of molecular weight. After 12 hours exposure, MFI start
decreasing, likely owing to the triggering of photo-crosslinking reactions which led to an increase
of melt viscosity, up to reach a value as low as 0.46 and 0.65 g/10 min for the samples 2-C and 5-C

irradiated for 120 hours, respectively. Notably, nanocomposites displayed more significant changes



when compared to 0-C. Moreover, the maximum intensity of 5-C proved to be higher than that of 2-
C, with a drop occurring steadily and faster (at t=12 h) than 2-C, thus letting envisage that nanoclay
content could have played a somehow significant role in both chain scission and crosslinking

reactions kinetics.

The effect of UV-exposure on the morphology of the samples was assessed by SEM analysis.
Figure 5 provides SEM micrographs of the surfaces of 2-C (a-c) and 5-C films (d-f) untreated and

irradiated at 12 h and 120 h.
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Figure 5. SEM micrographs of the exposed surfaces of 2-C (a-c) and 5-C (d-f) films irradiated at
different times.

Moving from left to right panels it is possible to observe the evolution of surface morphology as a
function of irradiation time, while the effect of nanoclay content for a given irradiation time can be
assessed by moving from top to bottom panels. Both samples, prior to UV-exposure, display the

typical features of composite systems, where it can be easily recognized a dispersed phase



consisting of micrometric particles (already present in the formulation of Ecovio) and
submicrometric/nanometric fillers (reasonably clay). The samples irradiated for 12 hours
substantially retain the same morphology, while the effect of irradiation time was particularly
intense and evident in the samples UV-exposed for 120 h that displayed significant alterations,
likely due to the formation of well-extended cross-linked networks. Notably, the surfaces of 2-C

and 5-C photo-oxidized for 120 hours were even found to strongly differ each other.
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Figure 6. Photo-triggered gel fraction (%) as a function of irradiation time (top panel), together
with digital photographs of gel fractions extracted from 2-C and 5-C irradiated at different times
(bottom panel).



Hence, the eventual gel fraction formed due to photo-crosslinking reactions was extracted and

analysed.

In Figure 6, photo-triggered gel fractions extracted from the irradiated samples are provided as a
function of irradiation time, together with digital photographs of the structures formed. When
compared to neat matrix, the nanocomposites display significantly larger amounts of insoluble
fractions. Surprisingly, for the samples C-2 and C-5, after a certain extent of crosslinking reactions
(t>12 h), it was even possible to isolate the insoluble aliquots, self-organized into freestanding
structures, which appeared quite different in colour and morphology already at a macroscale level,

in full agreement with the appearance of photodegraded films (see again Fig. 2).

SEM micrographs at different magnifications of the gel fractions extracted from 2-C (Fig. 7) and 5-
C (Fig. 8) films irradiated for 120 h revealed the porous structure of both samples, and their
different pore architecture. 2-C insoluble fraction (Fig. 7) displayed a thin, dense skin and a porous
core with regular, spherical pores having diameters below 15 um; 5-C (Fig. 8) showed a fibrous
structure, bearing the presence of irregularly shaped, quite larger pores (20-30 um), throughout all
the sample. The morphological differences between the insoluble fractions of 2-C and 5-C are
consistent with those observed in the surfaces of entire films (see again Fig. 5¢ and Fig. 5f) and
suggest that the content of clay could have played a crucial role in both triggering and propagating

crosslinking reactions.



Figure 7. Surface (A-B) and cross-sectional (C-F) SEM micrographs at different magnifications of
gel fraction extracted from 2-C films irradiated for 120 hours.

Figure 8. Top (a-c) and cross-sectional (d-f) SEM micrographs at different magnifications of gel
fraction extracted from 5-C films irradiated for 120 hours.



Based on recently reported studies, the propagation of crosslinking reactions in the bulk of
irradiated PBAT thin films did not exceed 10-11 um [24,26]. The materials investigated in this
work are much thicker (300 um), hence the insoluble fraction was expected to be negligible. This is
in full agreement with the experiments conducted on C-0, where the photo-triggered gel fraction
formed during UV was found below 10% and it was not possible to isolate any freestanding
network from the filter. Surprisingly, the presence of nanoclay dramatically increased not only gel
content but also the thickness of insoluble networks, which exceeded 100 microns, thus indicating

that photochemical crosslinking reactions propagated into the bulk.

A common way to monitor photochemical transformations occurring during UV-irradiation is FTIR
analysis. Hence, FTIR in ATR mode was used to validate the mechanisms generally proposed for
PBAT and PLA photo-degradation and to assess the eventual implications of integrating an

organoclay into such matrix.

FTIR spectra collected for 5-C materials at the various photo-oxidation times are shown in Figure
9, with a special focus on four spectral regions: 3700-2700 cm* (panel a), 1900-1000 cm™ (panel
b), 1350-1000 cm™* (panel c¢), and 780-700 cm™* (panel d), useful for investigating the evolution of
the main bands of interest, whose peak position and assignation are reported in Table 1. FTIR

spectra collected for 2-C series are qualitatively similar and provided in Figure S1 (see Sl).

Table 1. Characteristic FTIR modes of PBAT and PLA

FTIR mode Peak position (cm™)
PBAT PLA
—CH,, — stretching 2957, 2874 2947

—C = 0 stretching 1715, 1731 1751




—CHj; bending 1453 1455

1269, 1165 1268, 1184
—C — 0 — stretching
1120, 1104 1129, 1087
—C — C — stretching - 956
—CH — bending - 868, 755
—CH, — rocking 729 -

In all the spectra it is possible to recognize the typical bands of PBAT, which is the main
component of Ecovio blend, and those, less intense, of PLA [9,27]. However, all these signals
proved to change their intensity as a function of exposure time. It was generally observed an initial
increase of the bands corresponding to -OH vibrations at ca. 3400-3450 cm™ (Fig. 9a) up to reach a
maximum at 12 h irradiation time, followed by the progressive depletion of intensity for longer
exposures. The carbonyl band of pristine films has three main contributions: a weak peak at 1750
cm?, ascribed to —C=0 stretching of PLA, a sharp peak centered at 1730 cm™ with a shoulder
located at 1715 cm™, which are associated to —C=0 stretching of PBAT. Upon increasing
irradiation time, it was observed the progressive depletion of signals due to carbonyls of PBAT,
while those associated to PLA displayed intensities higher than that of untreated material, with a

maximum observed at 12 h.

Even the intensity of the bands ascribed to C-H stretching vibrations of -CH groups (2950-2850 cm”
1y and to C=C symmetric stretching (1650 cm™) displayed a similar behavior, with a maximum at
12 h. These features suggest that, within this investigation time, the material underwent at least two
competing photochemical transformations, with the former one, predominant at early stages of
photo-oxidation, generating -OH moieties and C=C bonds, but also aldehydes, which were then
consumed by the triggering/prevailing of the latter mechanism at times longer than 12 hours. Both

photochemical reactions provoked the generation of carboxyl moieties in PLA, likely due to



cleavage of ester bonds, accompanied by the consumption of carbonyl groups of PBAT,
unambiguously confirmed by the progressive and simultaneous depletion of both C=0 and C-O
signals, respectively centered at 1720 cm™ and 1275-1250 cm®, which were presumably involved in

crosslinking reactions [9].
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Figure 9. FTIR/ATR spectra of 5-C at different irradiation times: 3700-2700 cm™ (a), 1900-1000

cm? (b), 1350-1000 cm™ (c), and 780-700 cm (d).

Based on the data collected and the previous studies reported on similar systems, the degradative
phenomena occurring in PBAT, PLA and organoclay have been hypothesized and provided in
Figure 10. The degradation of PBAT and PLA, at least in the first 12 hours, follows the typical

Norrish I and Il reaction pathways, according to the scientific literature. The former leads to the



formation of hydroxyl- and aldehyde-terminated chains, whereas —CH = CH, and —COOH species

could be originated by PLA degradation via Norrish Il mechanism.

Of course, as the concentration of degradation products increases, the recombination between
radical species originating from PLA and PBAT chain cleavage may occur, with ensuing formation
of branched and crosslinked structures. In particular, it was unambiguously detected that various
trisubstituted benzophenones and benzenes are responsible for crosslinking of irradiated PBAT,
which occurs via a radical mechanism involving either acyl or phenyl radicals (see again
crosslinking events in Fig. 10) [24-26]. It was also well-established that benzophenone moieties,
acting as photosensitizers, tend to accelerate photochemical transformation during long-term UV
exposure of materials containing PBAT [24-26]. With respect to existing literature, in this case we
should consider the role exerted by organoclay in propagating such reactions into the bulk. In fact,
alkylammonium salts of Cloisite 15A are known to thermally decompose already during melt

processing, via Hoffman elimination and subsequent nucleophilic substitution (SN2) reactions.

During degradation, alkylammonium cation loses an amine group and an a-olefin, resulting in the
formation of different chromophore compounds, such as carboxylic and aldehyde groups, leaving
an acidic proton on the surface of the clay [19]. The presence of such acidic sites catalyzes the
degradation of both organic modifier and polymer matrix, thus accelerating the processes described
above and somehow exerting a crucial role on the extent of degradation [19]. Moreover, also
structural Fe (I1) ions naturally contained in the clays demonstrated a strong photocatalytic activity,
ascribed to their oxidation to hydrous ferric oxide, especially in the presence of organic compounds

[28].

In fact, data obtained from mechanical, rheological, spectroscopic, and morphological analyses
outline a strong relationship between formulation, namely nanoclay content, and extent of

degradation.
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Figure 11. ATR/FTIR spectra in the spectral range 950-700 cm™* of 2-C (top) and 5-C (bottom)
crosslinked networks together with those of corresponding untreated films. Inset: close-up of range:

840-740 cm™,

Aromatic rings of PBAT products, evolving into phenyl or acyl radicals, play a crucial role and the
presence of trisubstituted benzenes or benzophenone-like structures can be taken as an indicator to
qualitatively assess these events [24-26]. A useful strategy to assess the structural changes
occurring in the aromatic part of such systems is performing FTIR analysis onto insoluble fractions
of 2-C and 5-C. Figure 11 provides ATR spectra of 2-C and 5-C insoluble dried gels in the

wavenumber range: 950-700 cm™ together with those of untreated 2-C and 5-C films as reference



plots. In fact, the eventual occurrence of bands in this spectral region relate to various 1,2,4-
trisubstituted benzenes (815 cm™), and benzophenones (at 795 cm™), which often are found to
overlap depending on the distribution of molecular weights of the substituents and, especially, on

the chemical nature of radicals that recombine each other [24-26,29].

The analysis of such spectra put into evidence that the insoluble fractions of both samples, at the
various irradiation times, display a progressive decrease of the peak at 729 cm™, assigned to C-H
rocking of butylene segments of PBAT, accompanied by the insurgence of a variegated band in the
wavenumber range: 840-770 cm™. In this latter regard, at low clay contents (2-C), the modes
centred at 815 cm™ and 795 cm™ displayed comparable intensity, thus indicating the presence of
both 1,2,4-trisubstituted benzenes and trisubstituted benzophenones, while the latter ones were
found prominent in 5-C crosslinked networks. It can be hypothesized that the organoclay affects the
photochemical pathways, likely promoting the formation of acyl radicals that evolve into
benzophenone-like structures, which are responsible for a more rapid and intense propagation of
photochemical reaction, thus enabling the network formation even in the inner core of the films, and

that this feature is more remarkable as the clay content increases.

As stated above, in long-term UV-exposure the degradation products of PBAT and PLA may
recombine each other to yield branching or crosslinking reactions. To get rid of the eventual
presence of PLA segments in crosslinked networks, FTIR/ATR spectra of dried gels in the carbonyl
region were analysed by multi-peak fitting and thus compared to those of untreated corresponding
films. In fact, the shoulder located at ca. 1750 cm™ was the most visible mode associated to PLA,
due to its low content (4 wt.%) in Ecovio formulation. Nevertheless, during photolysis of the
samples, the intensity of such mode proved to dramatically increase, until reaching intensity

comparable with those of C=0 signals of PBAT (see again Fig. 9b).
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Figure 12. Deconvoluted carbonyl area for untreated 2-C film (top) and insoluble fraction extracted
from 2-C irradiated for 120 h (bottom).



A comparison between crosslinked networks (after 120 h UV-exposure) and corresponding
untreated films of 2-C sample is provided in Figure 12. The results demonstrate that no signals of
PLA carbonyls could be detected in the insoluble fraction, suggesting that only PBAT is involved in
crosslinking events. Moreover, the crosslinked network shows remarkable modes located at 1669,
1630 and 1579 cmL, likely attributable to the carbonyls of various low molecular weight aromatic

esters [30].
4. Conclusions

Integration of various analytic methods was employed to assess macroscopic and structural
transformations occurring during the photochemical weathering of bionanocomposites containing
PBAT, PLA and organoclay. In particular, the pro-degradant role of nanofiller was unambiguously
demonstrated: the higher the clay content, the higher the kinetics and the extent of both scission and
crosslinking photochemical reactions, with relevant repercussions on mechanical and rheological

properties of irradiated films.

Moreover, the isolation of insoluble fractions of nanocomposites, consisting of free-standing,
porous structures, displaying an unprecedented thickness as high as 100 um, allowed determining

that the organoclay can increase the propagation depth of photochemical crosslinking by 10 times.

Ultimately, although the crosslinking mechanisms herein observed seem to be similar to those
reported by other studies conducted on photochemical aging of PBAT and PBAT/PLA blends, the
degradation extent of nanocomposites provides strong evidence for the pro-degradant effect of
organoclay that accelerated the kinetics of chain cleavage and crosslinking events, maybe owing to
the catalytic effect exerted by iron ions and decomposition products of alkylammonium salts. The
crosslinked, insoluble networks formed due to UV-exposure revealed strong aromaticity and high
porosity, with pore architecture and chemical structure strongly dependent on clay content. It could

be hypothesized that the nanoclay, especially at high loadings, might have promoted the formation



of benzophenone-like moieties, thus increasing not only the kinetics but even the propagation depth

of photochemical crosslinking.

The findings of this work, beyond the in-depth understanding of photochemical aging of
PBAT/PLA blends in the presence of an organoclay, may represent a crucial step for the future
development of porous structures from bioplastic wastes, otherwise problematic. In fact,
photochemical weathering is well-known to dramatically reduce the biodegradability of PBAT-
based materials [24] and the possibility to reuse them to fabricate high-added value materials may

partially mitigate their overall environmental impact.
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