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Abstract

b) The effects of acetyl tributyl citrate (ATBC) as biodegradable plasticizer on thermal stability of poly(3-hydroxybutyrate) (PHB) were studied by the differential scanning calorimetry and by the thermogravimetric method under dynamic conditions in inert atmosphere. The thermal degradation of PHB and plasticized PHB samples by differential scanning calorimetry was investigated as a function of annealing temperature, annealing time and cooling rate after the thermal treatment. The amounts of ATBC varied from 10% to 30%.
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1. Introduction

Poly(3-hydroxybutyrate) (PHB) is fully biodegradable thermoplastic with biocompatibility and ecological safety produced by a wide variety of bacteria [1,2,3]. Therefore, it has much potential, among other applications, as biodegradable plastics.

1. However, until now there is no large commercial production of PHB products because PHB has higher cost then commercial polymers, narrow processability window and brittleness. To replace commodity polymers in packaging film materials film extrusion of the PHB has to be performed what is a difficult process because of PHB's brittleness and thermal instability. Among the other routes to prepare useful material from PHB, the addition of plasticizers contributes to improve the polymer thermal and mechanical properties. Plasticizers for PHB, as biodegradable polymer, should preferably also be biodegradable, because in case of packaging formed by different components, some of which are compostable and some are not, the packaging as a whole is not compostable [4]. Furthermore, non of the conventional polyolefin stabilizers gives any significant improvement in the stability of PHB [5]. For food packaging and hygiene applications, only non-toxic substances can be considered as plasticizers. Citrate plasticizers are derived from naturally occurring citric acid. They are non-toxic and are used as plasticizers with some biodegradable polymers [6,7]. In this work we used acetyl tributyl citrate (ATBC) as PHB plasticizer.

2. Experimental part

Materials

The materials used in this study were poly(3-hydroxybutyrate) (Biomer, Germany) and acetyl tributyl citrate (Merck KgaA, Germany). The plasticized samples containing 10–30 wt.% of acetyl tributyl citrate were prepared by depositing the plasticizer on PHB powder surface from ethanol solution. The mixture was thoroughly stirred and the solvent was evaporated. The powdered mixture was compression molded at 160°C for 5 s and cut to small pieces. This step was repeated three times to insure sample homogeneity before the final compression molding at 170°C for 15 s.

Experimental Conditions

c) Differential scanning calorimetry measurements were performed on a Perkin-Elmer DSC-4 differential scanning calorimeter with Model 3600 Data Station (TADS) under nitrogen atmosphere (30 cm3/min). The investigations were performed under following conditions:

d) The effect of annealing temperature: the samples were heated from 50°C to

various annealing temperatures (180-220°C) at heating rate of 40°C/min, kept at annealing temperature for 10 min, than cooled to 50°C at 40°C/min. The second run was registered (heating rate 10°C/min).

e) The effect of annealing time: the annealing temperature of 190°C was chosen. The 

heating and cooling conditions remained the same as described in a), only the annealing time was varied (0, 5, 10, 20 and 40 min). The second scan was registered.

f) The effect of cooling rate: the samples were heated from 50°C to 200°C at the 

heating rate 40°C/min and annealed for 10 min. The samples were cooled down at different cooling rates (40, 10 and 5°C/min) to 50°C. The second scan was registered (heating rate 10°C/min, from 50°C to 200°C).

The thermal degradation of the plasticized PHB (mass 6,8 ± 0,5 mg) was carried out thermogravimetrically in the temperature range from 50 to 450ºC using a Perkin-Elmer TGS-2 system with Model 3600 Data Station. The nitrogen flow rate was 30 cm3/min and the heating rates were 2.5, 5, 10 and 20ºC/min.

3. Results and discussion

The changes in DSC thermograms for pure PHB and for PHB with 20 wt.% of ATBC due to annealing for 10 min at various temperatures are shown in Figures 1(a) and (b), respectively.
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Fig. 1. DSC thermograms of pure PHB (a) and PHB+20%ATBC (b) at different annealing temperatures.

For pure PHB the position of the highest maximum is almost the same for 180 and 190°C, but for higher temperature values it is shifted towards lower temperatures. For pure PHB at 190°C appearance of a small shoulder can be observed. The maximum of the peak annealed at higher temperatures is located approximately at the same temperature as the shoulder at lower temperature.

Furthermore, the addition of ATBC shifts position of the highest peak to lower temperatures and broadens the thermograms.

The effect of annealing time at 190°C on the shape of thermograms for pure PHB and for PHB with 20 wt.% of ATBC is shown in Figures 2(a) and (b), respectively.
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Fig. 2. DSC thermograms of pure PHB (a) and PHB+20%TBAC (b) at different annealing times.

It is obvious that the degradation is more pronounced for longer degradation times for all samples indicated by broadening the curves and by their shift to lower temperatures. This is more pronounced for samples containing ATBC than for pure PHB.
Furthermore, the various cooling rates were applied (40ºC/min, 10ºC/min and 5ºC/min). The effects of cooling rate after thermal treatment on the shape of DSC thermograms for pure PHB and for PHB with 20 wt.% of ATBC are shown in Figures 3(a) and (b), respectively.
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Fig. 3. DSC thermograms of pure PHB (a) and PHB+20%TBAC (b) at different cooling rates.

3. It is evident that rate of cooling influence the shape of DSC thermograms. Decrease in the cooling rate leads to increase of the height of the shoulder and decrease of the height of the main peak. This effect is even more pronounced for pure PHB.

The dynamic thermogravimetric (TG) curves of pure and plasticized PHB obtained in the temperature range 50-450°C at the heating rate of 10ºC/min and corresponding derivative thermogravimetric (DTG) curves are shown in Figures 4(a) and (b), respectively.
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Fig. 4. TG (a) and corresponding DTG (b) curves of non-isothermal degradation of pure and plasticized PHB at the heating rate of 10ºC/min.

5. From Figures 4(a) and 4(b) it can be concluded that thermal degradation of pure and plasticized PHB occurs through one step what is characterised by a single peak on corresponding DTG curves. The temperature of minimum of DTG curve corresponds to the temperature of maximum degradation rate. Thermal degradation of plasticized PHB starts earlier than in case of pure PHB (evaporation of plasticizer). Addition of the plasticizer changes neither the temperature of maximum degradation rate nor the residual weight at the end of this degradation step, but it slightly lowers the maximal rate of degradation.

4. Conclusions

6. From the DSC measurements it can be concluded that thermal degradation of poly(3-hydroxybutyrate) proceeds rapidly above 190ºC. The degradation is accelerated by addition of ATBC what is indicated by broadening the thermograms and by their shift to lower temperatures. From the dynamic TG measurements it can be concluded that the thermal degradation of pure and plasticized PHB is very rapid and it occurs through one degradation step. The addition of ATBC leads to earlier start of thermal degradation. Therefore, ATBC can't be used to improve thermal properties of PHB.
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