
 

DEVELOPMENT AND CHARACTERIZATION OF BIODEGRADABLE POLYMER 
BLENDS - PHBV/PCL IRRADIATED WITH GAMMA RAYS 

 
 
 

F. Rosário1*, S. A. Casarin2, O. F. de Souza Júnior3, J. A. M. Agnelli4 
1*Faculdade de Tecnologia da Zona Leste – Centro Paulo Souza – FATEC-ZL 

03691-000 Av. Águia de Háia, 2633 – São Paulo – SP – Brazil 
2,4Universidade Federal de São Carlos – UFSCar, Departamento de Engenharia de 

Materiais 13565-905 Via Washington Luiz, Km 235 – São Carlos – SP - Brazil 
3Universidade de São Paulo – USP, Instituto de Física de São Carlos – IFSC - 

13566-590 Av. Trabalhador São Carlense, 400 Arnold Shimidt – São Carlos – SP – 
Brazil 

 

 

Abstract:This paper presents the results of a study that aimed to develop PHBV 
biodegradable polymer blends, in a major concentration with PCL, irradiate the pure 
polymers and blends in two doses of gamma radiation and to analyze the changes in 
chemical and mechanical properties. The blends used in this study were from natural 
biodegradable copolymer poly (hydroxybutyrate-valerate) (PHBV) and synthetic 
biodegradable polymer poly (caprolactone) (PCL 2201) with low molar mass 
(2,000g/mol).  Several samples were prepared in a co-rotating twin-screw extruder 
and afterwards, the tensile specimens were injected for the irradiation treatment with 
50 kGy to 100 kGy doses and for the mechanical tests.  The characterization of the 
samples before and after the irradiation treatments was performed through scanning 
electron microscopy (SEM), dynamic mechanical thermal analysis (DMTA), 
differential scanning calorimetry (DSC) and mechanical tensile tests.   

 

Keywords: biodegradable polymers (poly-hydroxybutyrate-co-valerate) – PHBV, 
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INTRODUCTION 

Synthetic polymers have become technologically relevant since 1940 and the packaging 

industry has been revolutionized by thermoplastics such as: polyethylene (PE), polypropylene 

(PP), polystyrene (PS), poly (ethylene terephthalate) - PET, and poly (chloride vinyl) - PVC 

[1].  As from the 80s, due to the environmental awareness, the negative aspects of the inert 

plastic material began to be perceived. Thus, desirable characteristics during its use, such as 

high resistance and the non-deterioration are identified as drawbacks in the disposal or release 

into nature, since such materials could last hundreds of years before being completely 

destroyed.   
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Despite major advances in the synthesis, manufacture and processing of these materials, 

two major problems are still confronting the industry: the use of non-renewable chemicals for 

manufacturing these products and their residue buildup [1]. 

Thus, by seeking materials that could add an alternative source to oil, with properties 

that would combine the durability during the use and a rapid degradation after disposal, a 

highly attractive alternative was found in biodegradable polymers, which had the potential to 

meet all these requirements.  

Another important use of these biodegradable polymers is in the medical field.  The use 

of these polymers in controlled release systems of drugs, suture materials and orthopedic 

implants [2]. Among the biodegradable polyesters studied, it is worth mentioning: poly 

(glycolic acid) - PGA, poly (lactic acid) - PLA [3], poly-(ε-caprolactone) - PCL [4], poly 

(hydroxybutyrate) - PHB, poly (hydroxybutyrate-co-valerate) - PHBV, polydioxanone, poly 

(maleic acid) and poly (ortho esters) [2]. The mixture of biodegradable polymers becomes a 

viable method to reduce the total material cost and allows the modification of both properties 

and degradation rates [1,5]. 

The polymer blends produced can be both miscible and immiscible. Miscible blends 

present morphology with a single phase and reproducible mechanical properties. Immiscible 

blends have the disadvantage of presenting properties that rely on the morphology of the 

blend produced through processing and they are often not reproducible. In this case, a few 

blends may indicate higher rates of biodegradation than pure polymers [1].  

In this study, special mention was given to the study of a few biodegradable polymer 

blends such as PHBV and PCL, with and without irradiation with gamma radiation, with the 

purpose to study its effects in the crystalline structure and in the mechanical properties of 

polymers and their degradation.  

EXPERIMENTAL PROCEDURES  

The PHBV used in the development of the study was produced and supplied by PHB 

Industrial S/A, lot FE-132, and the PCL was obtained from Solvay CAPA 2201 type, with a 

reported molar mass of 2.000 g/mol.  The polymer blend with composition 75%PHBV and 

25%PCL was prepared in a twin-screw extruder (L/D = 40 and D = 35 mm) of IMACON.  

After the extrusion, the pure PHBV and the blend were injected into an Arburg All Rounder 

injection model 270V 300-120, using a template for specimens ASTM D-638 [6].  
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The polymer blend formed and the pure PHBV polymer were irradiated with 50kGy and 

100kGy gamma ray dosages, using a Cobalt-60 Irradiator type Multipurpose (90,000 Ci). The 

irradiation was performed at the Radiation Technology Center-CTR- of IPEN-CNEN/SP.  

All materials were analyzed before and after being subjected to irradiation, according to 

the following techniques:  

Differential scanning calorimetry (DSC): Analyses by DSC were performed using the 

AT QS100 device. For both the blends and pure materials, the heating of the ambient 

temperature to 200ºC was performed, with a heating rate of 20°C/min.  

Dynamic mechanical thermal analysis (DMTA): This analysis was performed on 

equipment DMA 2980 Dynamic Mechanical Analyzer of TA Instruments, in mode three 

points bending, in accordance with standard ASTM D-4065-95 [7].  By using the temperature 

range of -80°C to 40°C, frequency of 1Hz and a heating rate of 2°C/min.  

Scanning electron microscopy (SEM): Initially, all samples were cryogenically 

fractured and coated with gold. For the analysis of samples, we used the electron microscope 

PHILIPS XL-30 FEG with secondary electron detector and 5.000x and 10.000x 

magnifications.  

Mechanical tensile tests: The mechanical tensile tests were performed in a Universal 

Testing Machine Instron 5500R, with a load cell of 50kN, extensometer with elastic modulus 

record at 0,8% strain, a distance between grips (l0) equals 105mm and with a speed of 

100mm/min. Tensile tests were performed with the specimen dimensions and analysis 

procedure specified in standard ASTM D-638 [6] and the results obtained from the average of 

seven sample values.  

RESULTS AND DISCUSSIONS  

Differential scanning calorimetry (DSC)  

Figures 1 and 2 illustrate the DSC curves obtained respectively for PHBV and PCL.  

It can be observed in Figure 1 that, PHBV indicated the existence of multiple melting 

peaks, and this phenomenon has been already observed by other authors [8]. Such multiple 

melting peaks are caused by the inhomogeneity in the distribution of hydroxyvalerate in the 

macromolecules of the PHBV, causing a change in behavior of the PHBV crystallinity.  

Figure 1   

Figure 2   

In Figure 2, we can observe that the PCL, an oligomer with molar mass of 2,000g/mol, 

indicated the existence of multiple melting peaks, and this phenomenon has already been 
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observed in the literature [2]. These multiple melting peaks are generated by chains of low 

molar mass, where there is no homogenization of crystallinity in the PCL.   

It is worth to point out that it was not possible to determine the glass transition 

temperature (Tg) of PHBV and PCL by DSC, due to the high crystallinity of these polymers 

and the sensitivity limitation shown by the technique itself.  

Table 1 presents data about the crystalline melting temperature (Tm), enthalpy of fusion 

(ΔHm) and the percentage of crystallinity (%C) for the PHBV and for the PHBV and PCL 

polymers in the polymeric blends studied. The percentage of PHBV and PCL crystallinity was 

calculated as of the data of theoretical fusion heat of the hypothetically 100% crystalline PHB 

(ΔHm100%=146J/g) [9] and the hypothetically 100% crystalline PCL (ΔHm100%=136J/g) [10]. 

According to Table 1 and Figures 3 and 4, there can be observed a small decrease in the 

crystalline melting temperature for the pure PHBV polymer and for the PHBV polymer in the 

irradiated blends. This shows the radiation effect on the PHBV polymer, with the breakup of 

chains in competition with the crosslink caused an increase in the pure polymer crystallinity 

and the polymeric in the blends. The splitting of the chains occurs more frequently in larger 

chains causing the molar mass distribution curve to become narrower and shifted to the left, 

favoring the order and regularity of the chains and in this case, increasing the crystallinity.  

Table 1 

Figure 3  

Figure 4  

For the PHBV/PCL blend, there was an increase of PHBV crystallinity in the blend, 

which was previously explained, and a significant decrease of the crystallinity of the oligomer 

(PCL). Due to the low molar mass of PCL, with radiation there was a greater molar mass 

decrease. With very small chains, there was a decrease of crystallinity and there may have 

been a more favorable interaction between blends phases. 

Dynamic mechanical thermal analysis (DMTA) 

The literature presents no consensus on which variable to use and how to determine the 

glass transition temperature, indicating several methods recommended, such as: the 

temperature of the beginning of the fall in E´, of the beginning or peak in the curves of E´´ or 

tanδ, where E´ is the elastic storage modulus and E´´ is the elastic loss modulus. In this 

paper, we used the temperature of the tanδ (Td) curve’s peak to define the glass transition. 

This choice is due to the constancy of the glass transition temperature value defined by this 

variable, obtained by the relationship between the elasticity modulus (E´´/E´) [11]. 
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Figure 5  

Figure 6  

Figure 7  

Figure 8  
 Analyzing the dynamic mechanical thermal analysis curves for PHBV, with and 

without irradiation, we observed that there were no significant changes in the glass transition 

temperature (Tg) of this copolymer, thus not affecting the mobility of chains in amorphous 

phase.  

Scanning electron microscopy (SEM): 

Figures 9 and 10 show micrographs of PHBV and PHBV irradiated at 50 kGy and 100 

kGy.  Figures 11 and 12 show the micrographs of the PHBV/PCL and PHBV/PCL blends 

irradiated at 50 kGy and 100 kGy. 

Figure 9  
Figure 10  
Figure 11  
Figure 12  

It can be observed through Figures 9 to 12 that the PHBV and PHBV phase in the 

blends show the presence of surface micropores distributed, visible from a 5.000x 

magnification.  It is believed that these micropores originate in the evaporation of waste 

liquids (water, waste solvent) removed during processing.  There can also be observed in the 

micrographs of the irradiated samples, the presence of microcracks in the PHBV due to the 

radiation effect on the division of the chains that accentuate the weakening of the polymer.  

The PHBV and the blends without irradiation do not indicate microcracks on their structure. 

Mechanical tensile tests: 

According to the results presented in Table 2, a rigid and fragile character of the PHBV 

could be observed, characterized by the low deformation of the material, its sudden rupture 

and high elastic modulus.  These properties are associated with the high crystallinity of PHBV 

[12]. The weakening of PHBV is prolonged for some time until its complete crystallization 
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(approximately 3 days (72 hours)).  This phenomenon, called “aging of PHBV”, has not been 

clearly explained yet, being attributed by some authors to the occurrence of secondary 

crystallization in the polymeric matrix [13, 14]. 

Table 2  

For the pure PHBV polymer and for the PHBV/PCL blend, after the irradiation there 

was a slight variation reducing the value of the elastic modulus. The tensile strength at break 

considerably increased for the pure PHBV polymer. The doses of irradiation of 50 kGy and 

100 kGy for the PHBV/PCL blend caused small changes in the tensile strength, as for the 

pure PHBV polymer, there was an increase in the tensile strength with the increase of the 

irradiation dose from 50 kGy to 100 kGy.  

All materials suffered a sharp reduction in the deformation at break with doses of 

radiation of 50 kGy and 100 kGy. For the PHBV/PCL blend with no irradiation, in 

comparison with the pure PHBV, there was an increase in the deformation at break. 

CONCLUSIONS 

By analyzing the results obtained in this study, we tried to evaluate the physical and 

mechanical properties of PHBV through the simultaneous or isolated modifications with low 

molar mass PCL and irradiation doses of 50kGy and 100kGy. It was concluded that the 

processing carried out with all materials, through the sequence described, that is, extrusion, 

drying and injection, were adequate, providing uniform specimens. The irradiation with doses 

of 50 kGy and 100 kGy degraded (split and crosslinking of macromolecules) the pure 

polymer and the blend, being evidenced by the mechanical properties (more evident in the 

deformation and tensile at break). The radiations caused a division in competition with the 

crosslink in the polymer chains.  

It is also possible to conclude that the PHB/PCL blend appeared to be immiscible in 

accordance with the data obtained from Differential Scanning Calorimetry (DSC), 
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complemented by the Dynamic Mechanical Thermal Analysis (DMTA) results. The 

characterization through Scanning Electron Microscopy (SEM) proved to be efficient, 

enabling the visualization of microcracks and micropores in the PHBV and the PHBV blends 

with PCL.   
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Tables 

Table 1 – Tm, ΔHm values and % of crystallinity 

Materials 
PHBV PCL 

Tm(°C) ΔHm (J/g) %C* Tm(°C) ΔHm (J/g) %C*

PHBV 157.0 39.0 26.7 - - - 

PHBV – 50kGy 152.5 57.0 39.0 - - - 

PHBV – 100kGy 156.0 43.0 29.5 - - - 

PHBV/PCL (75/25) 152.0 20.0 18.3 43.0 12.0 35.3 

PHBV/PCL (75/25) – 50kGy 149.0 32.0 29.2 36.0 9.0 26.5 

PHBV/PCL (75/25) – 100kGy 151.0 29.0 26.5 42.0 5.0 14.7 

• Of pure polymer or normalized by the actual content of PHBV and PCL in the 

polymer blend. 

 

 

Table 2 – Tensile tests result 

Material 

Tension at 

Break 

 (MPa) 

Deformation 

at Break 

 (%) 

Elastic 

Modulus 

(GPa) 

PHBV 4.2 ± 1.0 14.2 ± 2.8 0.15 ± 0.02 

PHBV – 50kGy 11.8 ± 2.0 1.0 ± 0.1 0.10 ± 0.02 

PHBV – 100kGy 17.8 ± 2.0 1.0 ± 0.1 0.11 ± 0.02 

PHBV/PCL (75/25) 2.0 ± 0.5 35.2 ± 5.6 0.11 ± 0.03 

PHBV/PCL (75/25) – 50kGy 3.9 ± 0.9 1.1 ± 0.1 0.11 ± 0.02 

PHBV/PCL (75/25) – 100kGy 5.7 ± 0.9 1.0 ± 0.1 0.15 ± 0.02 
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Legend of figures 

 

Figure 1 - DSC curve of PHBV 

Figure 2 - DSC curve of PCL 

Figure 3 - DSC curves of the PHBV irradiated and without irradiation 

Figure 4 - DSC curves of the PHBV/PCL blend (75/25) irradiated and without irradiation 

Figure 5 - Behavior of Tanδ and E´ for the PHBV due to the temperature. 

Figure 6 - Behavior of Tanδ and E´ for the PHBV, irradiated 50 kGy (a) and 100kGy (b), due 

to the temperature. 

Figure 7 - Behavior of Tanδ and E´for the PHBV/PCL blend, due to the temperature. 

Figure 8 - Behavior of Tanδ e E´ for the PHBV/PCL blend, irradiated 50 kGy (a) and 100kGy 

(b), due to the temperature. 

Figure 9 - Micrographs obtained through SEM for the pure PHBV, magnified 5.000x 

Figure 10 - Micrographs obtained through SEM for the PHBV irradiated with 50kGy (a) and 

100kGy (b), magnified 10.000x 

Figure 11 – Micrographs obtained through SEM for the PHBV/PCL blend, magnified 10.000x 

Figure 12 - Micrographs obtained through SEM for the PHBV/PCL blend, irradiated with 

50kGy (a) and 100kGy (b), magnified 10.000x 
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Figures 

 

Figure 1 

F. Rosario et al. 

 

 

Figure 2  

F. Rosario et al. 
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Figure 3  

F. Rosario et al. 
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Figure 4  

F. Rosario et al. 
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Figure 5  

F. Rosario et al. 

      

                            (a)                                                                 (b) 

Figure 6  

F. Rosario et al. 
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Figure 7  

F. Rosario et al. 

 

          

                            (a)                                                                  (b) 

Figure 8  

F. Rosario et al. 
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Figure 9  

F. Rosario et al. 
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Figure 10  

F. Rosario et al. 
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Figure 11  

F. Rosario et al. 
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Figure 12  

F. Rosario et al. 

 

 

 

 

19º Congresso Brasileiro de Engenharia e Ciência dos Materiais – CBECiMat, 21 a 25 de novembro de 2010, Campos do Jordão, SP, Brasil

161

161


