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ABSTRACT 

 
This study aimed to prepare blends of natural polymers of TPS with PBAT by reactive extrusion that were 

subsequently subjected to the irradiation process and evaluated for their thermal and chemical properties. The 

blends were incorporated with plasticizers (glycerol, castor oil and surfactant) and submitted to the irradiation 

process using a Cobalt-60 source at a 25 kGy dose and then characterized by FTIR and DSC. The results 

obtained in the FTIR analysis, the blends did not undergo chemical changes during the irradiation process and 

thus, maintained their properties. In the DSC analysis, it was observed that the blends F2 (castor oil) and F3 

(castor oil and TWEEN® 80) showed higher values of heat flow for degradation than the samples F0 (glycerol) 

and F1 (glycerol and TWEEN® 80), probably due to the chemical interaction of castor oil and its constituents. 

There was no thermal variation in the irradiation process between blends F0 and F1 or F2 and F3. It was 

concluded that it is feasible to replace castor oil with glycerol in TPS/PBAT blends, and that irradiation using a 

Cobalt-60 source did not change the properties analyzed and contributed to microbiological protection. 

 
Keywords: Biodegradable polymers, blends, irradiation process. 
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1. INTRODUCTION 

 

The preparation of raw chemical materials used in mixtures of various natural polymers 

(polysaccharides and proteins) with natural and biodegradable artificial polymers is an alternative 

and sustainable practice [1]. Among these removable materials are three types: biopolymers, 

biodegradable polymers and green polymers. Each has various applications in agriculture and are 

non-degradable over a period of time [1,2]. 

Radiation processing is considered to be one of the most promising techniques for modifying 

biodegradable polymers, as it offers several advantages over other modification methods, being an 

ecologically correct and controllable process [3,4]. Irradiation using a Cobalt-60 source is widely 

used for disinfection and sterilization of food products, contributing to the microbiological 

protection of food and increasing a product's shelf life. However, changes in its chemical and 

nutritional properties may occur, depending on the type of food and the dose applied in the 

irradiation process [5]. Several researchers and research groups have conducted studies on the use 

of radiation in polymers and especially in TPS and PBAT [1,3-5]. 

Nemtanu and Brasoveanu [6] studied the physical degradation of polysaccharides, especially 

amylose, that were exposed to electron beam radiation at doses between 10 kGy and 50 kGy, and a 

dose rate of 2.5 Gy.s-1 in the presence of oxygen. They demonstrated that the radiation dose applied 

to amylose directly impacted its properties, with a decrease of up to 40% of its average numerical 

molar mass (Mn) and 20% for the weighted average molar mass (Mw) in doses over 40 kGy. 

Atrous et al. [7] conducted a study for food industry application in which the effect of gamma 

radiation on the physical, chemical, thermal, morphological and rheological properties of wheat 

starch obtained from cereals were submitted to doses of (3, 5, 10, 20, 35 and 50 kGy). The results 

obtained showed that the starch crystallinity was not altered with doses below 50 kGy. The gamma 

radiation did not interact with the starch's crystalline regions (amylose), but limited the interaction 

in the amorphous region (amylopectin) of the wheat starch. 

Hwang et al. [3] studied the effect of electron beam radiation and its impact on the thermal and 

mechanical properties of PBAT. Films were made using the casting technique and then irradiated 

with doses from 20 kGy to 200 kGy and subjected to thermogravimetric analysis (TGA) and other 
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techniques. The percentage of cross-linking was dependent on the applied dose and varied from 5% 

to 52%, changing their final properties. 

Among the sites subject to modification in castor oil (CO), ionizing radiation can act as a 

natural moderator in the crosslinking of CO with starch, due to reactive sites such as hydroxyl, 

carbonyls and ester groups present in its chemical structure [8,9]. Stabilizers are very important for 

emulsions, such as oils in water or in polar molecules. This stability is achieved when there is no 

change in the size of the drops or a change in the arrangement between them. One of these 

commercial non-ionic surfactant stabilizers is TWEEN® 80, developed by Sigma-Aldrich®, which 

has an average molar mass of 1.31 g/mol [10]. 

2. MATERIALS AND METHODS 

 

Materials used in this study were corn starch containing 28% amylose and 14% maximum 

moisture (Amidex® 3001, Ingredion); PBAT copolyester polymer (Ecoflex® F Blend C 1200, 

BASF SE); nature castor oil (A. Azevedo Ind. and Com. de Óleos); glycerol (G9012) and non-ionic 

surfactant (TWEEN® 80 P1754) from Sigma-Aldrich®. The blends were processed in an AX 

Plásticos Máquinas Técnicas Ltda extruder with dual screw profile at a rotation of 75 rpm and their 

temperature zones (120°C - 122°C - 124°C - 126°C - 126°C - 128°C - 130°C - 132°C - 134°C) are 

described. The compositions of the blends are shown in Table 1 and pellets obtained after the 

extrusion process are shown in Figure 1. 

 

Table 1: Formulations and compositions of the TPS/PBAT blends 

 

  TPS Composition 

Formulations 
PBAT        

  (% mass) 
Starch 

  (% mass) 
Glycerol 
(% mass) 

Castor oil 
  (% mass) 

TWEEN® 80  
(% mass) 

F0 51.0 27.0 22.0 -------- -------- 
F1 51.0 27.0 20.5 -------- 1.5 

F2 51.0 27.0 -------- 22.0 -------- 

F3 51.0 27.0 -------- 20.5 1.5 
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Figure 1: TPS/PBAT pellets 

 

 

2.1. Irradiation process 

 

The irradiation process on the blends was realized using a Gammacell 200 irradiation unit 

(Atomic Energy of Canada Limited) with 25 kGy dose and 0,662 kGy/h dose rate.  

2.2. Fourier Transform Infrared Spectroscopy – FTIR 

 

The blends were characterized using a Fourier Transform Infrared Spectroscopy (Spectrum One 

model [Perkin-Elmer, Norwalk, CT, USA]) with an ATR system (Sampling Accessory), in the 

range of 600-4000 cm-1 with a 2 cm-1 of resolution in transmittance mode.  

2.3. Differential Scanning Calorimetry – DSC 

  

The effect of heat treatment on the blends was determined using DSC. The thermogravimetric 

analyzer simultaneous TGA-DSC SDT Q600 (TA Instruments, New Castle, DE, USA) was used. 

The test conditions were as follows: temperature 20–600°C at a heating rate of 20°C/min, in a 

compressed air atmosphere (100 mL/min) in alumina crucible. In order to interpret the DSC curves, 

TA Universal Analysis® software was used.  

3. RESULTS AND DISCUSSION 

3.1. ATR-FTIR 

Infrared spectra were performed in order to compare samples composed of glycerol (F0), 

glycerol with TWEEN® 80 (F1) (Figure 2A and 2B), CO (F2) and CO with TWEEN® 80 (F3) 
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(Figure 3A and 3B). Non-irradiated (NIR) and irradiated (25 kGy) samples were used to evaluate 

the effect of radiation on the chemical structure of the blend compounds and their modifications.  

 

Figure 2: IR spectrum of the F0-F1 (NIR/25 kGy) blends in the range of 4000-2600 cm-1 (A) and 

2000-600 cm-1 (B) 

 

Figure 3: IR spectrum of the F2-F3 (NIR/25 kGy) blends in the range of 4000-2600 cm-1 (A) and 

2000-600 cm-1 (B) 
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The bands between 3000 cm-1 and 3600 cm-1, are attributable to -OH adsorbed water, due to the 

hydroxyls present in the structure of amylose in starch; and hydroxyls (-OH) present in glycerol and 

castor oil chemical structure respectively [6,7].  

The starch and PBAT characteristic bands previously observed are present in all samples, such 

as those at 3000-3500 cm-1, 2800-2930 cm-1 and 1715 cm-1, which are attributed to -OH bands, CH- 

bands of carbonyl groups of esters, from the castor oil and PBAT respectively [11].  

The bands between 900 cm-1 and 600 cm-1 are attributed to the glycosidic bonds that unite the 

starch molecules; bands between 1000 cm-1 and 915 cm-1 are attributed to (C-OH) in the starch and 

the C-O-H bond, corresponding a glycosidic characteristic bands the molecules of the starch 

together with CH2- characteristic bands. And the absorption bond H-O-H in the range of 1500 cm-1 

was attributed to water present in the starch [12]. The bands at 1025 cm-1, 1110 cm-1 and 1270 cm-1 

are due to the stretching of the C-O bonds present in starch, glycerol, PBAT [11]. 

The bands between 1400 cm-1 and 1550 cm-1 are attributed to the stretching of C=C present in 

the castor oil; the peaks between 2800 cm-1 and 2900 cm-1 is the C-H bonds of the methyl group of 

the castor oil and PBAT; and the bands between 1000 cm-1 and 1200 cm-1 are characteristic of the       

C-O-C ester bonds of castor oil [9]. 

3.2. DSC 

The thermal analysis of the samples shows the variation of heat flow by temperature in relation 

to mass which was observed in the non-irradiated samples (NIR) (Figure 4) and irradiated samples 

at 25 kGy (Figure 5), performed at 20°C/min up to 600°C. 
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Figure 4: DSC/TGA curves of the (NIR) F0-F3 blends 

 

 

Figure 5: DSC/TGA curves of the (25 kGy) F0-F3 blends 

 

 

In Figures 4 and 5, the events start with an initial endothermic transition in temperatures ranging 

between 20°C and 100°C [7] with endothermic transition in temperatures ranging between 200°C 

and 300°C for the irradiated samples F0 and F1. This is due to the interaction, capture and 

degradation of the glycerol used as plasticizer, caused by a lower degradation temperature among 

the reagents and the quantity used in the starch plasticization process [13,14]. 
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The primary exothermic and asymmetric peaks of the NIR samples irradiated in the range of 

350°C to 450°C and 500°C to 560°C were caused by the different degradation of the samples 

[14,15]. In the range of 350°C to 450°C, secondary degradation peaks occurred in all samples. The 

primary peak of degradation in the range of 500°C to 560°C had a greater amplitude of degradation 

for the non-irradiated F0 and F1 (NIR) samples, whereas the NIR and irradiated samples composed 

of glycerol and TWEEN® 80 (F1), had the highest heat flow in the final degradation stage [14].  

The use of the plasticizer contributed to the variation in enthalpy among the samples analyzed, 

where samples F2 and F3 had the highest values analyzed, due to the chemical resistance of castor 

oil [8,14]. 

Furthermore, it is possible to guarantee that the analyzed blends present homogenization and 

partial miscibility shown between 450°C and 500°C without high decrease heat flow (W/g), 

demonstrated in the two degradation curves shown for the starch and castor oil, and that the 

radiation dose of 25 kGy did not visually interfere with the thermal properties of the analyzed 

blends [14]. 

4. CONCLUSIONS 

 

It was concluded that the low dose rate irradiation process at 25 kGy did not change the 

chemical properties of the blends, as analyzed by the FTIR spectra. The replacement in the 

plasticizers altered final thermal properties (DSC) of samples F2 and F3, composed of castor oil and 

TWEEN® 80, whereas the surfactant improved the thermal degradation properties, compared to the 

other samples analyzed. Thus, it is concluded that the radiation dose and its applied dose rate do not 

change the properties of the blends and contribute to microbiological protection. 
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