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Abstract

In this work, polyester and poly(lactic acid (PLA) blends used as biodegradable shopping plastic bags were studied, together with control samples of polyethylene containing pro-oxidant catalysts (called “Oxidegradable bags” in the supermarket). Samples these materials were weighed and buried in simulated soil for three months, these samples were then studied by Differential Scanning Calorimetry (DSC) and Thermogravimetry (TG), including a non-isothermal Kinetic Analysis. It was observed that even though there was no significant mass loss in the period of the ageing, the activation energies (Ea) for the thermal decomposition processes were significantly reduced for the biodegradable samples after the degradation in simulated soil, but not for the oxidegradable ones.
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INTRODUCTION
Just in the year 2011, 1.5 billion units of plastic shopping bags were distributed in the supermarkets of São Paulo city. Instead of being recycled, these plastic bags are mostly reused in trash bins for the kitchen and bathrooms, and then disposed in landfills spread all over the city, where this kind of material will not be reabsorbed by Nature and therefore accumulate, causing an environmental damage and liability 1. 

As the pursuit for novel solutions to this Environment Challenge and alternatives to conventional polymers have been evolved, biodegradable polymers have been getting more and more visible not only in the Scientific Studies but also in the supermarket place (1). BASF has brought to the Brazilian market the Ecovio, a blend of Ecoflex (synthetic polyesters obtained from the condensation of 1,4-Butanediol with terephthalic and adipic acid) with the biomass based poly(lactic acid) (PLA). The former component in the blend contributes with a remarkable machinability (characteristic of synthetic olefins), whereas the latter depicts fast degradation when submitted to composting conditions. The combination of these two material aims to bring the best characteristics for a biodegradable material.
OBJECTIVES
The studies with TG and DSC the microstructural variations of the Ecovio blend (called “BIO plastic bags” in this article) over the ageing process, and comparative kinetic analysis of thermal decomposition versus the so called oxidegradable bags (made of PE with metallic catalysts as additives, named “OXI bags” herein) constitute the goals of this work.
MATERIALS AND METHODS
The BIO plastic bag samples (Ecovio, with 70% of Ecoflex and 30% of PLA) were kindly provided by BASF in the form of films. OXI plastic bags were gathered in the local supermarkets, in São Paulo city.
Biodegradation assays in simulated soil
The simulated soil used in the biodegradation assays was prepared by mixing 23% of cattle manure, 23% of cropland, 13% of sand, 10% of leaves and 31% of water. All the components were thoroughly homogenized and placed on plastic trays. The samples (7 cm long x 1 cm thick film cuts) were then buried in the simulated soil and recollected weekly during 84 days. The moisture content of the soil was kept in the range of 60 +/- 3%. The trays were stored on shelves at room temperature with direct contact to sun light. The weight loss measurements were performed with a Shimadzu thermobalance, only for the biodegradable samples.
Thermogravimetry/Derived Thermogravimetry (TG/DTG)

The TG/DTG curves were obtained in the range of 25 to 800 oC from a thermobalance TGA-51 model (Shimadzu), heating rate (() of 10oC/min, under dynamic air atmosphere (50 mL/min) and sample masses around 17 mg in Pt crucible. For the non-isothermal kinetic analysis was followed the Ozawa´s method (2). TG curves were obtained at 2.5; 5; 10; 15 and 20 oC/min, under the same atmosphere.
Differential Scanning Calorimetry (DSC)

 The DSC curves were obtained in the range of 25 to 550 ◦C from a DSC-50 cell (Shimadzu), β of 10oC/min, under a dynamic N2 atmosphere (50 mL/min). Sample masses were around 1 mg in Al pans, partially sealed. For the determination of Tg temperature and Tm values, the sample was preheated until 200 oC with a β of 20 ◦C/min for eliminate the thermal history of the sample. The sample was then cooled down to environment temperature and finally reheated with the same β, until 200oC.
RESULTS AND DISCUSSSION
In the 3-month period of the biodegradation tracking, the mass loss was, only 1.5% in average. However, in the eighth week the microbiological attack in the BIO plastic bags became very evident, due to the formation of dark brown stains on the films surface and its total yellowing, as it can be seen in Fig. 1.
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Though in the macroscopic level of the start of biodegradation was not detected mass loss, it was decided to investigate the microscopic changes in the material structure by Thermal Analysis. Fig. 2 shows the TG/DTG curves of the samples submitted to ageing in simulated soil. TG/DTG curves showed 3 main mass loss steps ((m values listed in Tab. 1). The first step is associated with the degradation of the PLA, and the second with the synthetic polyester, both compatible with the content of these polymers in the original blend. The third step can be attributed likely the oxidation of some higher stability domain of the polyesters.
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	Table 1. Weight losses in Thermal Decomposition

	Week
	(m1 (%)
	(m2 (%)
	(m3 (%)
	Residual (%)

	0
	10,9
	74,9
	10,3
	2,0

	4
	10,8
	74,0
	12,7
	2,1

	8
	10,8
	74,3
	11,6
	2,4

	12
	11,6
	71,0
	13,8
	3,4


Fig. 3 illustrates DSC curves of the samples submitted to ageing. Two endothermic events without mass loss were observed, up to 200 oC. These events are associated with the glass transition temperature (Tg) and melting (Tm) of the polyester, as reported by DACKO et. al. 3. Above 200 oC, another 3 events were detected (the first two endothermic, and the latter exothermic), all associated with the thermal decomposition of the material. The data are listed in Tab. 2. One can see that the second endothermic event increases gradually with the ageing of the blend. This fact is associated with the degradation of intermediate products that stem from the hydrolysis that takes place on the polymers surface during ageing 4. This is better explained from the fig. 4. 
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	Table 2. Thermoanalytical data obtained from DSC curves

	Week
	Tg1 (oC)
	Melting
	Thermal decomposition

	
	
	Tm (oC)
	(Hm
(J g-1)
	Tpeak1 (oC)
	(H1
(J g-1)
	Tpeak2 (oC)
	(H2
(J g-1)
	Tpeak3 (oC)
	(H3
(J g-1)

	0
	54,8
	122,9
	4,54
	327,6
	9,6
	410,2
	1,57
	437,3
	-216,4

	4
	55,2
	122,6
	4,55
	323,5
	17,4
	390,1
	28,2
	459,7
	-372,0

	8
	56,1
	124,5
	3,74
	342,6
	6,85
	407,2
	68,7
	465,7
	-495,1

	12
	55,3
	123,5
	4,27
	311,0
	32,5
	407,2
	196,6
	461,0
	-310,0
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In order to assess the effectiveness of the degradation process in simulated soil, a comparative Kinetics study of thermal decomposition was carried out versus the OXI plastic bags. The Ozawa method 2 was used to evaluate the activation energies in the thermal decomposition process of the materials before and after the ageing in simulated soil. The Ozawa plots (logarithm of the heating rates as a function of reciprocal of the temperature at each α value) were obtained with the software Shimadzu TA-60WS.

For the OXI plastic bags sample (fig. 5) before ageing, the average Activation Energy (Ea) was 149 ± 9 kJ/mol for a first order reaction in the range of 30% to 86% of α (weight loss due to the random scission at various locations on the main chain 2). After ageing, the reduction in Ea was not statistically significant (141 ± 14 kJ/mol).
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For the BIO plastic bag sample, the degradation occurred in two percentual ranges: 5% - 30% and 30% - 86%. Instead of illustrates Ozawa plots, the activation energies (Ea) to different values of α are depicted in Fig. 6. The Ea is not constant in the whole conversion interval, as reported for similar blends by RUBIRA et. al. 5. The two steps observed are aligned with the blend composition: Before ageing, the activation energies increases from 140 to 170 kJ/mol (related to the PLA); after a threshold at 30%, it starts to increase again until 86% of conversion (degradation of synthetic polyester). The increasing values for Ea are in agreement with the fact that the thermal degradation processes are endothermic, as determined by DSC (fig. 3). The average Ea for both processes is 165 +/- 19 kJ/mol. After ageing, the average Ea is reduced to 111 +/- 15 kJ/mol. Therefore, the reduction in the Activation Energies with the ageing is statistically significant. The kinetic parameters before & after ageing for the samples are listed in tab. 3.
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Table 3. Kinetic parameters as determined by Ozawa´s method


CONCLUSIONS
Even though in conditions simulating a landfill there was no significant mass loss for the BIO bags, when compared to OXI plastic bags the reduction in Activation Energies for the decomposition of these materials were more significant. This indicates that these materials are promising in terms of environmental impact reduction. In future studies, the biodegradation of the materials will be tracked until its total disintegration in different composting conditions to expedite the biodegradation. 
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Figure 1. Biodegradation profile of the 


Samples upon ageing in simulated soil





Figure 2.  TG/DTG curves of the samples 


over the ageing process in simulated soil











Figure 3. DSC curves of the BIO bag samples


upon ageing in simulated soil





Figure 4. Scheme of surface erosion (4). The thicker the reaction zone 


over ageing, the more evident is the second event after 200 oC in the DSC plots





Figure 5.  TG curves and Ozawa plots for the 


α range from 30 to 86% - OXI bags





Figure 6.  Activation energies as a function of conversion for


 the BIO bags – before and after ageing
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