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Poly(butylene adipate-co-terephthalate) (PBAT) is a biodegradable polymer synthesized from petrochemical

resources. PBAT has an exceptionally high elongation at break values which makes it one of the most promising

substitutes for LDPE packaging films. However, the applicability of PBAT films is still limited by low strength and

high production costs. Polyethylene glycol 600 (PEG-600) was used as a coating agent to modify the surface of

calcium carbonate and improve compatibility with the polymer matrix. A series of PBAT/CaCO3 composite films

having different CaCO3 particle size and content of coating agent was prepared using extrusion blow molding. 

PBAT film  PBAT  Biodegradable films

1. Introduction

Poly(butylene adipate-co-terephthalate) (PBAT) is a biodegradable plastic with excellent mechanical properties.

Although synthesized from petrochemical resources, it has been considered as the most viable substitute for LDPE

. Although PBAT appeared on the market about a decade ago, the use of neat PBAT film products is

limited by the high production costs and lower strength compared with LDPE as the most used packaging film

material .

The mechanical properties of PBAT films are often reinforced by the incorporation of low-cost fillers such as starch,

CaCO , and hydrotalcite into the polymer matrix . Calcium carbonate is one of the most applied

inorganic fillers in thermoplastics . The properties of polymer/CaCO   composites depend on the

amount of filler added to the polymer matrix, and the application type determines the maximum loading of CaCO .

For example, mulching films require good light transmittance and therefore tolerate only small amounts of

CaCO   . On the other hand, packaging films could be filled with up to 30% CaCO   to reduce the price of

polymer composite while maintaining satisfactory mechanical properties . The particle size of CaCO , its

dispersibility in the polymer matrix, and the affinity of a polymer toward filler determine the overall mechanical

properties of a composite . However, the main issue with this type of composite is the agglomeration that

originates from the incompatibility between the filler and a polymer.

The addition of coating agents greatly enhances the stability of composite materials . There are two types of

coating agents classified according to the type of intermolecular interactions: (1) dispersants, which interact with

particle surface through non-covalent Van der Waals forces, and (2) coupling agents, which are attached to the

particle surface via covalent bonds. Fatty acids are the most widely used dispersants for CaCO  and were applied
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in LDPE/CaCO , HDPE/CaCO   and PP/CaCO   composites . Among coupling agents, silanes and

titanates are often applied in the synthesis of composites .

2. Effect of CaCO  Particle Size and Coating Agent Content
on the Properties of PBAT/CaCO  Films

2.1. Mechanical Properties

To better understand these trends, the variations in tensile strength and elongation at break have been showed in

Figure 1. All properties of extruded films have been measured in the machine direction (MD) and the transverse

direction (TD). The results revealed that the mechanical properties measured in both directions improve with the

decrease of particle size from 12 μm to 5 μm. The superior performance of a sample P7C3-3 with the smallest

particles is in accordance with the results of our previous work .

Figure 1. (a) Tensile strength and (b) elongation at break of PBAT/CaCO  films.

Comparing two samples having the same mass, the one with a smaller particle size has a larger surface area, and

it could be expected that more coating agent is required to effectively modify its surface. However, it was

interesting to observe that the amount of coating agent needed for the material to reach the optimum mechanical

performance decreased with the particle size reduction. For example, the optimal content of the coating agent was

3% in P7C3-1, 2% in P7C3-2, and 1% in the P7C3-3 sample. This effect can be explained by strong electrostatic

interactions between smaller CaCO  particles that impede the dispersion and surface modification of individual

particles.

2.2. Rheological Properties

Rheological properties of molten composites strongly depend on the dispersibility of filler particles within the

polymer matrix and the nature of intermolecular interactions. The effect of the coating agent on the structure and

dispersion state of CaCO  within the polymer matrix has been studied by measuring the complex viscosity and

3 3, 3
[21][29][30]

[31]

3
3

[32]

3

3

3



Poly(Butylene Adipate-Co-Terephthalate)/Calcium Carbonate Films | Encyclopedia.pub

https://encyclopedia.pub/entry/19948 3/10

storage modulus of several composites modified by different amounts of PEG. These parameters have been

compared with the values for neat PBAT (Figure 2). 

Figure 2. (a) Complex viscosity and (b) storage modulus of PBAT/CaCO  films prepared using calcium carbonate

with particle size 300 mesh and different amounts of PEG coating agent.

2.3. Surface Morphology

The changes in the surface microstructure of PBAT films upon the addition of CaCO  filler and PEG coating agent

have been studied using SEM. The surface of unmodified PBAT/CaCO  films appeared relatively rough with

abundant particle aggregates. On the other hand, composite films modified by the PEG coating agent exhibited

relatively flat and smooth surface with good particle dispersion and without pronounced agglomeration. This

confirms that the coating agent effectively increases the compatibility between PBAT and fillers.

3. Degradation Behavior of PBAT/CaCO  Composites in Soil
and Simulated Seawater Environment

The biodegradation of plastic films in soil or seawater is a complex process governed by the interplay of biological

and physicochemical degradation mechanisms.  The degradation processes that occur in seawater are somewhat

different from those in the soil as seawater is rich in inorganic salts, deficient in organic nutrients, and has a weakly

alkaline pH. In addition, the concentration of dissolved O   is much lower in seawater compared with the soil

environment which also influences the biodegradation rate of plastics . The biodegradation of PBAT/CaCO

composites in soil and seawater was examed.

3.1. Visual Inspection of Structural Changes upon Biodegradation of
PBAT/CaCO  Composites in Soil and Simulated Seawater Environment

The initial thickness of the composite film was 0.055 ± 0.015 mm. After 30 days in the soil environment, we

observed partial fragmentation and erosion holes, which was accompanied by the decrease of film thickness to

0.046 ± 0.018 mm. After another 30 days of environmental exposure, the composite films were essentially broken
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into fragments and the average film thickness was reduced to 0.029 ± 0.013 mm. The P7C3-2/S0.5, P7C3-2/S1,

and P7C3-3 samples were almost completely degraded which complicated the sampling for the analysis. After 90

days in soil, all samples except P7C3-1, P7C3-3/S2, and P7C3-3/S3 were almost completely decomposed and the

film thickness was reduced to 0.012 ± 0.008 mm.

The biodegradation processes in simulated seawater environment were much slower compared to soil. It took 60

days to observe the first changes in film thickness, and it was reduced from the initial value to 0.050 ± 0.012 mm.

After 90 days in seawater, PBAT/CaCO  composites changed the color to brown and some signs of fragmentation

occurred. Moreover, the film thickness dropped to 0.044 ± 0.016 mm. The images of neat PBAT, P7C3-3, and

P7C3-3/S1 films taken before and after biodegradation in soil and seawater are given in Figure 3.

Figure 3. The optical images of neat PBAT, P7C3-3, and P7C3-3/S1 films before and after biodegradation in soil

and simulated seawater.

3.2. The Changes in Molecular Weight of Polymer upon Biodegradation Treatments

The molecular weight (MW) of the polymer was measured to further characterize the decomposition of neat PBAT

films and PBAT/CaCO  composites after two biodegradation treatments mentioned before.  

For all samples, M  steadily decreased with soil degradation time. Comparing the degree of degradation for neat

PBAT and PBAT composites with CaCO  having various particle size, it decreased in the following order: P7C3-3 >
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P7C3-2 ≈ PBAT > P7C3-1. Two samples with the smallest particle size, namely P7C3-2 and P7C3-3 were almost

completely decomposed after 90 and 60 days, respectively. This trend might be explained by the larger surface

area of composite films filled with smaller CaCO  particles, providing more opportunities for contact with water and

oxygen molecules, thus facilitating the diffusion of water and hydrolysis/biodegradation of PBAT.

This trend could be related to the previous discussion on the mechanical properties of PBAT/CaCO  composites.

When the amount of coating agent exceeds optimum, the dispersion of coated reinforcements being less

successful, and the diffusion of water is less favored, this effect reduces the hydrolysis/biodegradation of the PBAT

matrix. These results highlight the importance of the optimization of coating agent loading for mechanical and

biodegradation film performances.

The molecular weight measurements also confirmed that the degradation rate in seawater is much slower than in

soil. Although particle size and coating agent influence the diffusivity of water in the polymer matrix, it was found

that the degradation rate of P7C3-3 and P7C3-3/S0.5 was similar to that of neat PBAT film. These results

demonstrate the dominant role of biodegradation in the overall decomposition mechanism of

PBAT/CaCO  composites while hydrolysis has a minor influence. Some studies also revealed that the type and

size of the microbial community are the key parameters for the biodegradation rate of plastics .

3.3. FTIR Analysis of Changes in the Chemical Structure of PBAT upon
Biodegradation

The changes in the structure of PBAT polyester caused by soil or seawater degradation have been studied by

FTIR. The FTIR spectra of pure PBAT and different PBAT/CaCO   composite films are shown in  Figure 4. Two

intense peaks observed at 1710 cm  and 1250 cm  originate from the stretching vibrations of carbonyl (C=O)

and aliphatic C-O-C bonds of ester groups . Soil degradation causes a significant decrease in the intensity of

two ester peaks after 30 days of treatment, and the effect intensifies after the additional 30 days. Seawater

biodegradation also reduces the intensity of FTIR ester peaks of PBAT but to a much lower extent. Moreover, the

changes in FTIR spectra are observed in the fingerprint region. It can be concluded that the biodegradation of

PBAT polyester proceeds mainly through the hydrolysis of ester bonds.
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Figure 4. FTIR spectra of neat PBAT, P7C3-3, and P7C3-3/S1 films after 30, 60, or 90 days of biodegradation in

(a) soil and (b) simulated seawater environment.

3.4. The Changes in the Morphology of Polymers Caused by Biodegradation
Revealed by SEM

The microstructure of neat PBAT, P7C3-3 composite, and composite with PEG-coated filler have been observed

before and after each biodegradation test. According to SEM micrographs shown in Figure 5, the smooth surface

of PBAT was preserved after 60 days of degradation in soil and only small pores and cracks occurred. Somewhat

rougher surface of P7C3-3 films transformed into the structure with large pores and small cracks after 30 days in

the soil environment. In case of surface-coated P7C3-3/S1 films, large cracks appeared at the surface after 60

days in soil.
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Figure 5.  SEM images of (a) neat PBAT, (b) P7C3-3 and (c) P7C3-3/S1 films before and after biodegradation

treatments. (a’–c’): burial in soil degradation; (a”–c”): under simulated seawater degradation.

The biodegradation in a simulated seawater environment resulted in significantly lesser changes in the

microstructure of PBAT and composites. After 90 days of treatment, no visible signs of biodegradation have been

observed in neat PBAT film. More pronounced structure defects appeared in P7C3-3 and P7C3-3/S1 films after 90

days in simulated seawater. The swelling of these polymers due to diffusion of water into the matrix resulted in the

departure of CaCO  particles and the occurrence of holes that could be observed from SEM images. In addition,

no visible cracks were found for these samples. These results additionally support previous findings that CaCO  as

a filler and hydrophilic PEG as a coating agent promote the diffusion of water in a polymer matrix.
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