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Microplastics from synthetic polymers significantly impact ecosystems and human health, making 
biodegradable polymers a promising alternative. To enhance their properties, nanofillers have been 
widely explored. In this study, TiO2 nanoparticles, alone and combined with B8 OMMT clay, were 
incorporated into a PBAT matrix to improve its functionality for food packaging applications. Results 
revealed that nanofillers did not significantly alter PBAT’s crystallinity (Xc ≈ 33%) or thermal stability 
(Tonset ≈ 375 °C), and the nanocomposites exhibited a predominantly intercalated morphology. 
Furthermore, low concentrations of nanofillers improved matrix uniformity. Contact angle measurements 
showed increased hydrophilicity in all formulations, with B8 OMMT systems exhibiting the highest 
hydrophilicity. The mechanical performance of the PBAT/B8/TiO2 systems was more promising in 
terms of stiffness, with a 44% increase in Young’s modulus for the PBAT/B8/TiO2 0.5% system. 
However, all PBAT/B8/TiO2 systems exhibited a more pronounced loss of ductility. Water activity 
(aW) analysis demonstrated that TiO2 alone reduced aW values to 0.50–0.53, which could potentially 
enhance biosafety, while the addition of B8 OMMT increased aW to 0.69–0.76, potentially increasing 
susceptibility to microbial growth. Notably, systems with TiO2 alone showed the greatest potential 
for food packaging applications due to their increased biosafety, thermal stability, and favorable set 
of properties.
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1. Introduction
In response to the environmental crisis caused by the 

accumulation of petroleum-based plastic and the associated 
generation of microplastics, which pose harmful consequences 
for ecosystems and human health, biodegradable polymers 
have emerged as a promising alternative1. Biodegradable 
polymers exhibit beneficial characteristics, including 
biocompatibility and low toxicity, making them particularly 
attractive for the packaging industry2. However, their practical 
applicability is limited by certain drawbacks, such as thermal 
instability, inadequate mechanical properties, poor gas barrier 
capabilities, and high production costs3,4. To overcome these 
challenges, the integration of nanotechnology with polymer 
science offers a potential solution, resulting in biodegradable 
polymer nanocomposites.

Among biodegradable polymers, poly(butylene adipate-
co-terephthalate) (PBAT) exhibits promising properties. PBAT 
is a copolyester synthesized through the polycondensation 
of butanediol, adipic acid, and terephthalic acid, combining 
both aliphatic (from the butylene adipate group) and aromatic 
(from the butylene terephthalate group) segments in its 

linear chain, which confer flexibility and thermal stability5,6. 
Notably, PBAT offers excellent flexibility, high elongation at 
break and favorable processing properties7. Major companies 
such as BASF, Novamont, BIOTECH, and KINGFA have 
developed PBAT-based materials for a variety of packaging 
applications. The biodegradability of these polymers is 
primarily attributed to the ester bonds in their aliphatic 
groups, which are susceptible to hydrolysis; however, these 
same groups contribute to thermal instability. In contrast, 
the aromatic components enhance PBAT’s mechanical 
properties. Its ability to degrade under both composting and 
soil conditions make PBAT a viable solution for combating 
plastic pollution. Consequently, PBAT is predominantly used 
in the production of environmentally friendly plastic films, 
supporting the development of sustainable alternatives to 
conventional plastics7.

One current approach to addressing the mechanical and 
thermal limitations of biodegradable polymers involves 
incorporating metal oxide nanoparticles and organomodified 
clays into these polymer matrices. In this study, titanium 
dioxide nanoparticles (TiO2 NPs) and an organomodified clay 
(Viscogel B8 Montmorillonite) were selected as nanofillers *e-mail: gisele@ima.ufrj.br
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for the PBAT matrix due to their attributes beneficial to 
packaging applications8,9.

TiO2 NPs are particularly valued for their chemical 
stability, water disinfection capability, and self-cleaning 
surface applications. Their antimicrobial efficacy of TiO2 NPs 
has been demonstrated against gram-negative and gram-
positive bacteria, as well as fungi, especially under UV light 
activation10,11. Additionally TiO2 NPs exhibit remarkable 
oxidative properties, which are utilized in the photodegradation 
of organic compounds, water splitting to produce hydrogen, 
and UV light blocking12,13. These properties make TiO2 NPs 
highly effective in extending the shelf life of packaged 
products, reducing food waste, and minimizing the need for 
chemical preservatives14. Various synthesis methods such 
as sol-gel, hydrothermal, and electrochemical routes, as 
well as chemical and physical vapor deposition techniques, 
enable the production of cost-effective and accessible 
TiO2 nanostructures13. The incorporation of TiO2 NPs into 
biodegradable polymer matrices for antimicrobial and UV-
barrier functionality is well documented11.

On the other hand, clays, particularly montmorillonite 
(MMT), are another widely used nanofiller in the preparation 
of nanocomposites. To enhance the interaction between 
polymers and these clays, chemical modifications, known as 
organophilization, are often applied, resulting in organophilized 
montmorillonite (OMMT). Previous studies have successfully 
incorporated OMMT nanostructures into biodegradable 
polymers, demonstrating enhancements in thermal stability, 
mechanical strength, and gas barrier properties in biodegradable 
polymers, allowing for thinner packaging materials and 
reduced raw material consumption15,16. These improvements 
not only address key challenges in biodegradable packaging 
but also align with sustainability principles, contributing to 
the development of more eco-friendly solutions.

In this study, TiO2 nanoparticles were incorporated into 
the PBAT matrix in different proportions, both individually 
and in combination with Viscogel B8®, an OMMT organically 
modified with a quaternary alkyl ammonium compound 
(trimethyl-octadecyl ammonium salt)11 to assess potential 
improvements in functional properties. The biodegradable 
polymer nanocomposites were characterized through various 
techniques, including X-ray diffraction (XRD), Fourier 
Transform Infrared Spectroscopy, Thermogravimetric Analysis 
(TGA), Differential Scanning Calorimetry (DSC), Contact 
angle measurement, Water activity (aW) assessment and Field 
emission gun scanning electron microscopy (FEG-SEM). 
The findings were analyzed and compared to identify the 
most promising formulation for advancing biodegradable 
materials within the packaging industry.

2. Experimental

2.1. Materials
Poly(butylene adipate-co-terephthalate) (PBAT) in pellet 

form, used as polymer matrix, was supplied by Ecoflex®. 
Titanium dioxide (TiO2) nanoparticles were supplied 
by Sigma-Aldrich® with < 25 nm particle size and the 
organoclay Viscogel B8® (B8 OMMT) was supplied from 
Bentec (Livorno, Italy).

2.2. Preparation of the nanocomposites
Prior to melt processing, PBAT pellets were ground 

in a knife mill to optimize premixing with the nanofillers. 
Subsequently, the ground PBAT and B8 OMMT and 
TiO2 nanoparticles were dried in an oven at 50 ºC for 3 
hours. Different formulations of PBAT containing isolated 
TiO2 NPs at concentrations of 0.1; 0.3 and 0.5 wt%; as well 
as formulations of PBAT containing B8 OMMT at a fixed 
ratio of 1 wt%, combined with TiO2 NPs at 0.1, 0.3 and 
0.5 wt% were subjected to mixing, using solid mixing 
equipment. The proportions of TiO2 nanoparticles were 
selected based on previous studies and the literature17-19. 
Finally, the nanocomposites were prepared using a double-
screw extruder equipped with seven heating zones (140 °C 
for the first zone, 150 °C for the second zone and 160 °C 
for the remaining five zones) at a screw speed of 120 rpm.

2.3. Characterization of the PBAT and its 
nanocomposites

The properties of the PBAT and its prepared nanocomposites 
were evaluated using X-ray Diffraction (XRD), Differential 
Scanning Calorimetry (DSC), Thermogravimetric Analysis 
(TGA), Fourier Transform Infrared Spectroscopy (FTIR), 
Field Emission Gun-Scanning Electron Microscopy (FEG-
SEM), Water Activity (aW), Contact Angle measurement 
and Tensile Testing.

XRD was performed using Rigaku Ultima IV diffractometer 
with CuKα radiation generator (λ=0.154 nm, 40Kv, 120 mA) 
at room temperature, in the range of 2θ from 2° to 60° at a 
rate of 1°/min, and step of 0.05°. This technique was used 
to evaluate the crystalline profile and degree of crystallinity 
of the materials. Degree of crystallinity was determined 
using Origin®, by evaluating the ratio of the areas under the 
crystalline peak and the total area, according to the equation 
XC (%) = IC / (IC + IA) x 100, where Xc is the crystallinity 
degree; Ic is the sum of the areas under the crystalline peaks 
and IA is the area of the amorphous halo. The peaks were 
interpreted using Gaussian peak function.

DSC analyses were carried out using a TA Instruments 
Q1000 calorimeter (with a temperature accuracy of ±2 ºC) 
under a nitrogen flow rate of 50 mL/min. The samples 
were subjected to a first heating ramp from –30 to 200 ºC, 
followed by a cooling ramp from 200 to –30 ºC. After this 
heating/cooling cycle, the samples were subjected to a second 
heating ramp from –30 to 200 ºC. The heating and cooling 
ramps were all performed at a scanning rate of 10 °C/min. 
The crystallization temperature (Tc), the glass transition 
temperature (Tg), and the melting temperature (Tm) were 
determined from second cooling and heating curves.

TGA measurements were performed using a TA 
Instruments Q500 calorimeter (with a temperature accuracy 
of ±2 °C). The samples were placed in a platinum holder 
under continuous nitrogen flow rate of 60 mL min-1 and 
heated at the rate of 10 ºC/min from 20 to 700 ºC. From 
this analyses, two parameters were measured to determine 
the thermal stability of the prepared samples: the initial 
degradation temperature (Tonset), determined as the lowest 
temperature at which thermal degradation is observed, and 
the temperature associated with the maximum thermal 
degradation (Tmax), obtained from the peak of DTG graph 
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and interpreted as the temperature in which the rate of mass 
loss is maximized.

FTIR spectroscopy was performed using a PERKIN 
ELMER Frontier spectrometer (V. 10.4.2), operating in 
attenuated total reflectance (ATR) mode, covering the range 
of 4000-400 cm-1, with a spectral resolution of 4 cm-1 and 
60 scans.

The morphological analysis of the nanocomposites was 
performed using a Field Emission Gun Scanning Electron 
Microscope (FEG-SEM) of TESCAN, model MIRA, 4th 
generation - equipped with FEG Schottky, LMU, LowVac 
Mode that allows the variation of low vacuum from 1 to 
700 Pa. The samples were subjected to cryogenic breakdown 
and their surfaces were covered with an ultrathin layer of gold 
(in Sputter Coater BAL-TEC SCD005) at 30 mA current for 
150 seconds in order to provide conductivity, before analysis.

Water activity (aW) was measured in an AquaLab 
(4 TE), METER Group LatAm Ltda, equipped with a dew 
point system at 25 °C. The films were assessed in the sample 
holder as they were obtained, without any type of preparation.

Contact-angle measurements were performed in a goniometer 
with the optical contact angle (Ɵ) measuring and contour analysis 
systems of the OCA 15 EC (Dataphysics Instruments), using 
at least five drops per sample. The experiment was carried 
out at 20 ºC, with a drop of distilled water of 5 μL, deposited 
on a sample surface, in the form of a film.

Mechanical properties were evaluated by tensile testing, 
using an Instron universal testing machine (model 5569). 
Specimens were prepared by compression molding at 140 °C 
for 5 minutes under 6 tons of pressure, using a mold conforming 
to the ASTM D638 Type V standard, with a thickness of 
1 mm. Prior to testing, all samples were conditioned for 48 
hours at 25 °C and 50% relative humidity. Five specimens 
per formulation were tested under these conditions. A 1 kN 
load cell and a crosshead speed of 50 mm/min were used. 
The Young’s modulus, maximum tensile strength, and 
elongation at break values were reported as the arithmetic 
mean of the five specimens.

3. Results and Discussion

3.1. X-ray Diffraction (XRD)
Figure 1 (A) and (B) depict the X-ray diffraction (XRD) 

patterns obtained for PBAT/TiO2 nanocomposites and 

PBAT/B8/TiO2 nanocomposites, including neat PBAT and 
nanofillers, respectively. For neat PBAT (Figure 1 (A) and (B)) 
characteristic peaks were observed at 2θ = 16.35°, 17.51°, 
20.5°, 23.23° and 24.87° attributed to the (011), (010), (101), 
(100) and (111) crystalline planes, respectively, confirming 
its semicrystalline nature17. The TiO2 nanoparticles exhibited 
characteristic peaks of the anatase phase at 2θ = 25° and 48°, 
corresponding to the (101) and (200) planes, respectively17,20. 
The PBAT/TiO2 nanocomposites showed the same peaks 
found in neat PBAT, however no distinct peaks corresponding 
to TiO2 nanoparticles were observed. This absence may be 
attributed to the overlap of the PBAT peak at 2θ = 24.87° 
(111) plane with the TiO2 peak at 2θ = 25° (101) plane, 
potentially obscuring the TiO2 signal. Another possibility 
is the limited sensitivity of the XRD equipment to detect 
small amounts of TiO2 nanoparticles (0.1–0.3 wt%) within 
the formulations. Similar studies examining the interaction 
of oxide nanoparticles within PBAT matrices have reported 
that the characteristic peaks of the nanoparticles become 
discernible only at higher concentrations relative to the 
PBAT matrix21-23.

In Figure 1 (B), the characteristic peaks of OMMT B8 are 
presented. The peak at 2θ = 3.55° (d001) is attributed to the 
incorporation of the organophilic group between the clay 
lamellae during the organophilization process24, which allows 
for the calculation of the average distance between the clay 
lamellae using Bragg’s equation: nλ = 2d sin(θ)25. The calculated 
(d001) spacing for OMMT B8 was approximately 2.52 nm. 
This peak was analyzed in the nanocomposites to assess 
the potential for an intercalated or exfoliated morphology. 
According to Figure 1 (C), which provides a more detailed 
view of the d001 peak for B8 and its nanocomposites, this 
peak shifted to a lower angle of approximately 2θ = 2.4º, 
corresponding to an interlamellar distance of 3.7 nm. This 
result indicates an increased spacing between the clay lamellae, 
which is attributed to the presence of polymer molecules 
in this space. Therefore, the predominant morphology was 
intercalated, suggesting good interaction between PBAT 
and OMMT B8 in forming nanocomposites.

The crystallinity of the samples was also measured and 
compared to neat PBAT (Figure 1 (A) and (B)). It was observed 
that the presence of nanoparticles did not significantly alter 
the degree of crystallinity of the PBAT matrix, which was 
Xc = 33%, with a slight increase observed in the PBAT/B8/
TiO2 0.1 wt% sample (Xc%=36). Maintaining crystallinity 

Figure 1. XRD patterns of PBAT/TiO2 nanocomposites (A), PBAT/B8/TiO nanocomposites (B) and (C) Magnified view of image B.



Silva et al.4 Materials Research

is advantageous for packaging applications, since it is often 
linked to improved barrier properties in polymeric materials.

3.2. Thermal properties
The influence of TiO2 nanoparticles, both individually and 

in combination with B8 OMMT, on the thermal properties of 
neat PBAT was investigated using DSC and TGA analyses, 
and the results are presented in Table 1.

Regarding DSC results (Table  1) and considering 
the equipment’s margin of error (± 2 °C), there were no 
significant changes in the glass transition temperatures (Tg), 

crystallization temperature (Tc) and melting temperature 
(Tm). These findings suggest that, for the formulations 
tested, the nanoparticles did not affect the mobility of the 
PBAT matrix in either the amorphous or crystalline phases.

According to TGA results (Table 1 and Figures 2 and 3), 
the addition of nanoparticles did not significantly alter the 
Tonset or Tmax of the PBAT matrix, with exception of PBAT/
B8/TiO2 0.1 wt% sample, which showed a slight increase of 
approximately 6 ºC in Tonset and 7 ºC in Tmax.

This preservation of thermal stability, as evidenced 
by both, degradation temperature obtained from TGA and 

Table 1. Thermal properties of PBAT and its nanocomposites.

Samples Tg (ºC) Tc (ºC) Tm (ºC) Tonset (ºC) Tmax (ºC)

PBAT -32 98 122 370 395

PBAT/TiO2 0.1 -32 95 123 372 397

PBAT/TiO2 0.3 -32 96 121 370 397

PBAT/TiO2 0.5 -32 97 122 372 399

PBAT/B8/TiO2 0.1 -31 92 121 376 403

PBAT/B8/TiO2 0.3 -32 93 122 370 397

PBAT/B8/TiO2 0.5 -32 94 123 371 398

Figure 2. TG and DTG curves obtained for PBAT/TiO2 nanocomposites.

Figure 3. TG and DTG curves obtained for PBAT/B8/TiO2 nanocomposites.



5
Comparative Study of the Addition of TiO2 and TiO2/OMMT Clay on the Properties of PBAT for  

Biodegradable Food Packaging Applications

the thermal transition points from DSC, suggests that the 
incorporation of TiO2 and B8 OMMT as nanofillers does not 
compromise the thermal behavior of PBAT. These results 
support its suitability for applications requiring stable thermal 
properties, such as in biodegradable packaging materials.

3.3. Fourier Transform Infrared Spectroscopy 
(FTIR)

The spectra of PBAT/TiO2 and PBAT/B8/TiO2 samples 
are shown in Figure 4 (A) and (B), respectively. Characteristic 
PBAT bands were identified across all nanocomposite 
samples. The bands at approximately 717 cm−1 and 808 cm−1 
correspond to C–H aromatic rings and para-substitution 
of aromatic rings, respectively. Those around 935, 1018, 
1102 and 1267 cm−1 are attributed to aromatic ring in 
plane and C–O interaction. The bands at 1456 cm−1 and 
1507 cm−1 are associated with CH2–CH2 in-plane bending 
and C=C aromatic ring stretching, respectively. The band 
near 1711 cm−1 corresponds to C=O groups, while those 

around 2958 cm−1 and 1410 cm−1 are associated with CH2 
stretching and bending vibrations26-29.

It can be observed that the spectra reveal minimal 
presence of bands related to the B8 and TiO2 nanofillers. The 
spectra in Figure 4 (A) display a band around 3500 cm−1, 
corresponding to O–H bond vibrations in the sample with 
the highest TiO2 concentration (PBAT/TiO2 0.5 wt%). Bands 
in the 3100–3600 cm−1 range are generally attributed to 
stretching in water molecules bound to TiO2 nanoparticles30. 
The absence of distinct bands related to TiO2 and B8 may 
be due to the low concentrations of these nanofillers in the 
prepared systems.

3.4. FEG-SEM
The Field Emission Gun Scanning Electron Microscopy 

(FEG-SEM) images are presented in Figure  5 A-G. 
Figure 5 (A1) and (A2) shows the surface of the neat PBAT 
sample at magnifications of 5Kx and 10Kx, revealing a 
homogeneous appearance, dense structure, and uniformly 

Figure 4. FTIR Spectra for the PBAT/TiO2 nanocomposites (A) and PBAT/B8/TiO nanocomposites (B).

Figure 5. FEG-SEM images of neat PBAT (A) PBAT/TiO2 systems containing 0.1 wt% (B), 0.3 wt% (C), and 0.5 wt% (D) of TiO2 and 
PBAT/B8/TiO2 systems containing 0.1 wt% (E), 0.3 wt% (F), and 0.5 wt% (G) of TiO2.
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distributed spherical formations. These formations may 
correspond to spherulites typical of the semicrystalline 
matrix or air microbubbles resulting from the material’s 
processing31-33.

Figures 5 (B), 5 (C) and 5 (D) display images of PBAT/
TiO2 nanocomposites containing 0.1 wt%, 0.3 wt%, and 
0.5 wt% of TiO2 nanoparticles, respectively. The addition of 
0.1 wt% TiO2 resulted in a more uniform matrix compared 
to neat PBAT. This result suggests that at this proportion, 
TiO2 nanoparticles can fill voids or disordered regions within 
the matrix, reducing discontinuities that could contribute 
to roughness. This “filling” effect can smooth the surface 
and promote a more cohesive and uniform matrix structure. 
However, with increasing addition of TiO2 (0.3 wt% and 
0.5 wt%), the spherical formations became progressively 
larger (Figures 5 (C) and 5 (D)), indicating increased surface 
roughness and a coarser texture. This increased roughness 
may impact the mechanical performance of the films, by 
creating stress concentration points, potentially reducing 
elongation at break and flexibility. Additionally, excessive 
surface roughness could affect consumer perception, 
particularly in applications where a smooth texture is 
preferred for handling and visual appeal. In packaging 
applications, a rougher surface could also influence barrier 
properties by modifying the contact area with external 
agents such as moisture and gases.

For the PBAT/B8/TiO2 systems, the sample with 0.3 wt% 
TiO2 showed the most uniform matrix, while the 0.5 wt% TiO2 
sample exhibited a rougher matrix. However, this roughness 
was less pronounced compared to the system PBAT/TiO2 
0.5 wt%. These findings suggest that the inclusion of B8 
OMMT (1 wt%) in the PBAT/TiO2 0.5 wt% system helps 
to create a more uniform matrix.

The results found by FEG-SEM revealed that higher 
amounts of TiO2 (0.5 wt%) apparently affected the organization 
of PBAT chains, preventing a more regular morphology. 
This impact on the polymer structure can create surface 
variations, contributing to a rougher texture.

3.5. Water activity (aW) analysis
The water activity (aW) analysis quantifies the 

available water in a product that can support the growth 
of microorganisms, as well as chemical and enzymatic 
reactions. In food packaging, this parameter is critical for 
predicting and controlling the growth of microorganisms, 
such as bacteria, fungi, and yeasts, which can compromise 
food quality and safety. Tipically, aW values between 0.0 and 
0.6 are considered safe for inhibiting the growth of pathogens 
and spoilage microorganisms34,35.

Table 2 presents the aW values for neat PBAT, PBAT/
TiO2, and PBAT/B8/TiO2 nanocomposites. Neat PBAT 
showed an aW value of 0.57, indicating a safe profile. The 
addition of TiO2 nanoparticles decreased this value to a range 
between 0.50 and 0.53, enhancing the safety of the PBAT 
matrix. In contrast, the addition of B8 OMMT increased 
the aW to a range of 0.69 to 0.76, making the PBAT/B8/
TiO2 nanocomposites less suitable for food packaging due 
to the higher aW values. This increase is attributed to the 
hygroscopic nature of clay, which absorbs and retains water 
molecules from the surrounding environment.

3.6. Contact angle measurement
PBAT and its nanocomposites were assessed for surface 

wettability using contact angle measurements, where water 
droplets were deposited on film surfaces. Representative 
images of the measurements are shown in Figure 6, and 
the average values from five replicates are summarized 
in Table 3. The results indicate that neat PBAT exhibited 
hydrophobic behavior (90º < θ < 150º). Conversely, the 
incorporation of TiO2 or TiO2/B8 OMMT increased the 
wettability of the samples, rendering the nanocomposites 
hydrophilic (0º < θ < 90º)36-38. It was observed that addition 
of B8 further increased hydrophilicity, aligning with the aW 
results. This was anticipated due to the inclusion of another 
hydrophilic component in the PBAT/TiO2 system. Although 
both TiO2 and B8 OMMT possess surface hydroxyl groups, 
the clay demonstrates greater hygroscopicity than TiO2 due 
to its inherently more porous structure39.

3.7. Mechanical testing
The results obtained from the tensile mechanical tests, 

presented in Figure 7 and Table 4, showed that the isolated 
addition of TiO2 nanoparticles at concentrations of 0.1, 
0.3, and 0.5 wt% did not significantly affect the Young’s 
modulus of the PBAT matrix (67.5 MPa). This indicates 
that, at the evaluated concentrations, TiO2 nanoparticles 
alone have a limited reinforcing effect on the stiffness of the 
PBAT matrix. In contrast, systems containing B8 OMMT 
showed a clear trend of increasing Young’s modulus with 
higher TiO2 content, with increments of approximately 15% 
(77.6 MPa) and 44% (97.0 MPa) observed for the formulations 
containing 0.3 wt% and 0.5 wt% TiO2, respectively. The 
improved performance of these systems is associated with 

Table 2. Water activity analysis of neat PBAT and its nanocomposites.

Samples aw (25 °C)

Neat PBAT 0.57

PBAT/TiO2 0.1% 0.51

PBAT/TiO2 0.3% 0.50

PBAT/TiO2 0.5% 0.53

PBAT/B8/TiO2 0.1% 0.76

PBAT/B8/TiO2 0.3% 0.69

PBAT/B8/TiO2 0.5% 0.69

Table 3. Contact angle measurement of PBAT and its nanocomposites.

Samples Contact Angle (°) Standard Deviation

Neat PBAT 91.4 1.8

PBAT/TiO2 0.1% 84.4 3.4

PBAT/TiO2 0.3% 80.5 0.5

PBAT/TiO2 0.5% 76.9 1.7

PBAT/B8/TiO2 0.1% 77.7 3.1

PBAT/B8/TiO2 0.3% 78.1 2.6

PBAT/B8/TiO2 0.5% 74.3 2.7
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the synergistic action between the organoclay and TiO2, as 
evidenced by the more uniform morphology observed in 
FEG-SEM images, which suggested enhanced nanoparticle 
distribution and interfacial compatibility.

Regarding tensile strength, a significant reduction 
was observed for all formulations compared to neat PBAT 
(Figure 7 and Table 4). However, systems prepared with 
B8 exhibited a tendency toward increased tensile strength 
with rising TiO2 content, mirroring the trend observed 
for Young’s modulus. These findings further support the 
presence of a synergistic effect between the organoclay and 
TiO2 nanoparticles, likely driven by improved nanoparticle 
dispersion and interfacial adhesion.

The results for elongation at break (ε) (Figure 7, red 
curve) showed a significant reduction in ductility for all 
nanocomposite systems when compared to neat PBAT (ε = 
567%). This decrease is consistent with the incorporation 
of rigid nanofillers, which limit the mobility of polymer 
chains and consequently reduce the material’s flexibility. In 
the PBAT/TiO2 systems, ε values decreased to the range of 
298%–332%, while in the systems containing both TiO2 and 
B8 OMMT, values dropped further, ranging from 181% to 
212%. Despite these reductions, the differences in elongation 

values among the different concentrations within each 
group were not statistically significant, as they were within 
the range of the standard deviation. These findings suggest 

Table 4. Tensile properties of PBAT and its nanocomposites.

Samples Young’s modulus (MPa) Maximum tensile strength (MPa) Elongation at break (%)

PBAT 67.5 ± 8.2 18.1 ± 1.8 566.9 ± 29.2

PBAT/TiO2 0.1% 71.3 ± 6.7 10.2 ± 0.4 312.8 ± 12.6

PBAT/TiO2 0.3% 69.8 ± 5.2 10.1 ± 0.9 298.2 ± 38.7

PBAT/TiO2 0.5% 69.4 ± 6.7 9.4 ± 0.9 302.6 ± 22.4

PBAT/B8/TiO2 0.1% 66.1 ± 10.9 6.9 ± 0.8 181.7 ± 31.7

PBAT/B8/TiO2 0.3% 77.6 ± 5.6 8.6 ± 0.9 198.6 ± 26.9

PBAT/B8/TiO2 0.5% 97.0 ± 2.1 11.4 ± 0.9 212.6 ± 53.4

Figure 6. Sessile drop images obtained from contact angle measurements for neat PBAT (A) PBAT/TiO2 systems containing 0.1 wt% 
(B), 0.3 wt% (C), and 0.5 wt% (D) of TiO2 and PBAT/B8/TiO2 systems containing 0.1 wt% (E), 0.3 wt% (F), and 0.5 wt% (G) of TiO2.

Figure 7. Young’s modulus, maximum tensile strength and elongation 
at break of PBAT and its nanocomposites.
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that although the presence of B8 OMMT clay contributes to 
improved dispersion of TiO2 and better interfacial interactions, 
factors that enhance strength and stiffness, it also intensifies 
the restriction of chain mobility, thereby exacerbating the 
loss of ductility in the resulting nanocomposites.

4. Conclusion
This study investigated the effects of TiO2 nanoparticles, 

both alone and in combination with OMMT B8 clay, on the 
properties of PBAT-based nanocomposites for packaging 
applications. XRD analysis revealed a predominantly 
intercalated morphology in PBAT nanocomposites, 
indicating good interaction between the nanofillers and 
polymer. Thermal analyses (DSC and TGA) showed that 
the addition of nanofillers did not significantly alter PBAT’s 
thermal stability, which is favorable for packaging stability. 
Surface characterization by FEG-SEM revealed that low 
TiO2 concentrations reduced PBAT’s surface roughness, 
while higher concentrations increased it, potentially 
impacting the material’s texture. Water activity (aW) 
measurements demonstrated that TiO2 alone enhanced 
biosafety by reducing aW to levels that inhibit microbial 
growth, whereas the addition of OMMT B8 increased aW, 
compromising microbial resistance. Furthermore, contact 
angle measurements confirmed that both TiO2 and OMMT 
B8 increased hydrophilicity, with PBAT/OMMT B8 systems 
displaying the highest levels. Mechanical testing showed 
that the addition of B8 OMMT clay combined with TiO2 
significantly increased Young’s modulus for the PBAT/B8/
TiO2 0.5% formulation, representing a 44% improvement in 
stiffness compared to neat PBAT. However, this reinforcement 
was accompanied by a substantial reduction in ductility 
of these nanocomposite systems, which may compromise 
performance for food packaging applications.

Based on these findings, PBAT/TiO2 nanocomposites, 
particularly those without clay, demonstrate a favorable 
balance between enhanced biosafety and overall properties, 
making them potential candidates for biodegradable packaging 
applications requiring microbial resistance. However, the 
observed increase in surface roughness at higher TiO2 
concentrations and with OMMT B8 addition suggests 
the need for further studies. Future research should also 
explore long-term biodegradation behavior and optimize 
nanofiller concentrations to maximize functional benefits 
while minimizing undesirable effects.
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