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Abstract 

Low density Polyethylene (designated hereafter as “PE”) is known for its inactivity, durability 

and resistance to degradation. For this reason adding pro-oxidants as additives in PE matrix 

could be efficient to elaborate a material designated as Ox-PE, exhibiting chemical reactivity. 

This modification could lead to an enhancement of compatibility between Ox-PE and other 

functionalized polymers. This approach has been exploited in this report to elaborate blends 

of Ox-PE with poly (ε-caprolactone) (PCL), a biodegradable polymer. Fourier Transform 

InfraRed spectroscopy (FTIR), Scanning Electron Microscopy (SEM) and thermal 

characterization by DSC, TGA were applied to investigate structural and thermal properties of 

PE/PCL (75/25 wt%/wt%) blends, compatibilized with 1 Phr and 5 Phr of Ethylene-co-

Glycidyl MethAcrylate (EGMA) copolymer or with a Ox-PE/PCL mixture. 

Structural observations of the PE75/PCL25 blend by SEM revealed a phase separated 

morphology indicating incompatibility between PE and PCL. This was also confirmed by 

FTIR spectroscopy where no changes were noticed concerning the characteristic bands of 

either PE or PCL. Incorporating EGMA in the PE75/PCL25 blend resulted in reduced particle 

sizes of the dispersed PCL phase in the PE matrix confirming the reaction of epoxy groups of 

EGMA with hydroxyl end-groups of PCL at the interface. Regarding the thermal behavior, all 

PE/PCL blends exhibited an intermediate response between that of PE and PCL 

homopolymers. Interestingly, a high degree of compatibility was achieved for the Ox-

PE75/PCL25 blend, together with a lower thermal stability compared to PE75/PCL25. 

 

Keywords: Polyethylene (PE); poly (ε-caprolactone) (PCL); Ox-biodegradable Polymer;  

thermo-oxidation; pro-oxidants additives; compatibilizer. 
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1. Introduction 

Despite the strong development of green polymers in recent years, the use of synthetic 

polymers has doubled due to their successful application in various domains: packaging, 

automotive components, transportation, medical equipment, electric, electronic and aerospace 

parts, among others [1,2]. These materials present good physico-chemical properties such as 

resistance to corrosion and microbiological attack, insolubility, impermeability towards 

aqueous media, ensuring their service in different fields [3]. 

Among the family of polyolefins, low density polyethylene (designated hereafter as “PE”) 

occupies a significant position because of its large tonnage, and its mechanical, thermal and 

chemical performances, which have enlarged use of PE in a wide range of industrial 

applications, especially in packaging and agricultural films. However, after this rush of 

consumption, end-of-life PE accumulates in nature as waste [4]. 

Consequently, waste accumulation of PE has become a real risk to biodiversity and a source 

of environmental pollution [5]. The resistance of PE to degradation and biological attacks is 

attributed mainly to its high molecular weight, hydrophobicity and lack of functional groups 

on its main chain [6,7]. Indeed, the chemical structure of PE is responsible for its 

incompatibility with other materials and makes thus the attack by microorganisms difficult, 

which has a substantial impact on the degradation process [8]. As a result, many research 

groups proposed different approaches to reduce the accumulation of considerable quantities of 

non-biodegradable PE waste in the environment [9]. One possible approach consists to blend 

PE with biodegradable polymers, which could be a notable alternative since each component 

can contribute by its favorable properties to make the resultant material more interesting 

[10,11]. In this context, several studies have focused on PE/aliphatic polyester blends such as 

poly(lactide) (PLA) and poly(hydroxybutyrate-co-valerate) PHBV [12–20]. Nevertheless, 

only few studies are dealing with the PE/Poly-(caprolactone) (PCL) system despite the 
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excellent properties that make PCL an outstanding candidate to be blended with polyolefins to 

achieve specific mechanical and degradation properties [11,21]. PCL is a prominent aliphatic 

polyester due to its numerous advantages including extraordinary mechanical properties, 

biocompatibility, hydrophobicity, solubility in several solvents, non-toxicity, and 

biodegradability [22,23]. Nonetheless, when developing polymer blends, the risk of 

incompatibility between multiphase components represents a critical factor to be considered. 

In this context, the most common method for overcoming such a problem is to add 

compatibilizing agents, such as copolymers containing fragments that are compatible with at 

least one of the components. Furthermore, interaction between the components at the interface 

has a significant impact on the morphology of the resulting material, which is a criterion that 

will determine its final properties [24]. 

Another interesting way to modify PE structure was recently adopted, based on the 

incorporation of pro-oxidants or pro-degradants. These additives are usually transition metal-

ion complexes in the form of stearates, which may initiate the oxidation of long PE chains in 

the presence of UV light (photo-oxidation) or heat (thermo-oxidation) [7,25–28]. Cobalt 

stearate (Co2+), Manganese stearate (Mn2+) and Iron stearate (Fe3+) represent the commonly 

used pro-oxidant additives with polyolefins [29–34]. 

Incorporating these compounds facilitates the long PE chain scission leading to the formation 

of hydrophilic groups, together with a decrease of the molecular weight. The formed 

fragments, with lower molecular weight and higher hydrophilicity, are more susceptible to be 

attacked by microorganisms, either in abiotic or biotic environment [35,36]. 

In this report, the aforementioned approaches were combined to create a blend that poses little 

environmental risk when discarded after use. Two types of blends have been prepared: (i) 

blends based on PE/PCL with and without (Ethylene-co-Glycidyl MethAcrylate) (EGMA) as 

copolymer, and (ii) blends containing Ox-PE (PE with pro-oxidant) and PCL at a fixed 
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blending ratio of Ox-PE75/PCL25 (wt%/wt%). The physicochemical properties of these 

blends were assessed using analytical techniques such as Fourier Transform InfraRed 

spectroscopy (FTIR), Scanning Electron Microscopy (SEM), Differential Scanning 

Calorimetry (DSC), and Thermo Gravimetric Analysis (TGA). 

 

2. Experimental 

2.1. Materials 

The low density PE (LDPE 1003/FE/23) was supplied by Total Petrochemicals (Belgium) 

with a volumetric density of 0.92g/cm3, a molecular weight (Mw) of 450,000 g/mol, and a 

melting point of 111°C. Poly(ε-caprolactone) (PCL) (CAPA 6500) was obtained from 

Perstorp group (Sweden), possessing a Mw~50,000 g/mol and a melting point about 58-60°C. 

The (ethylene glycidyl methacrylate) (EGMA) copolymer (Lotader) was produced by Arkema 

group (France). The pro-oxidants used in this study, cobalt stearate, manganese stearate, and 

iron stearate, were synthesized in our Algerian laboratory according to protocols described in 

[29] and [31]. 

 

2.2. Sample Preparation  

2.2.1. PE-PCL-compatibilizer blends 

The homopolymers LDPE, PCL were dried at 40°C for 24h. The PE/PCL blends were 

prepared with different ratios of PCL ranging from 0 to 100 weight% (wt%). The 

compatibilizer EGMA was added to the PE75/PCL25 blend at two concentrations 1 and 5 Phr. 

The melt blending for all formulations was carried out at 130°C and 40 rpm for 20 min in a 

Brabender plasticorder® equipment (Duisburg, Germany). 

For simplicity reasons, the designation 75/25 PE/PCL will be used instead of writing 

75wt%/25wt% PE/PCL. The PE75/PCL25 blend was selected for two reasons, firstly PE 
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should present the major part of the mixture to investigate its degradation, and secondly, 

observations of sample morphology by SEM of this blend showed a continuous PE phase 

including dispersed PCL spheres as minority phase. EGMA was chosen as compatibilizer 

following promising results obtained for a PE/polyester system [20]. Applying the 

PE75/PCL25 blend, low concentrations of EGMA are likely to reduce the size of dispersed 

nodules and promote compatibility at the interface. The EGMA concentrations applied (1 Phr, 

5 Phr) were chosen similar to work on polyolefin/polyester blends [37]. 

Table 1 describes designation and composition of samples used in this study. 

 

2.2.2. PE/pro-oxidant mixtures 

PE was blended with 0.9 Phr of the synthesized pro-oxidants containing 0.3% cobalt stearate, 

0.3% of manganese stearate and 0.3% of iron stearate. The melt blending of ingredients was 

performed in the Brabender plastograph at 140°C and 40 rpm for 10 min. The use of a 

masterbatch [34], containing the pro-oxidants, presents the advantage to obtain high 

efficiency compared to the employment of individual pro-oxidants which risk to yield an 

antagonism effect. The choice of the masterbatch concentration (0.9 Phr) was based on a 

study of the evolution of the carbonyl level [30], followed by FTIR during 10 days of thermo-

oxidation, to detect oxidation products generated by the degradation of PE. 

The extrudate of PE/pro-oxidants (Ox-PE) was placed in an air-circulating oven at 70°C for a 

period of 10 days in order to catalyze the pro-oxidant and accelerate the thermo-oxidation 

reaction, which is composed of three stages, initiation, propagation and termination [38]. In 

the first stage, the pro-oxidants undergo thermal decomposition, forming unstable free 

radicals which subsequently react with hydrogens from PE chains. At the propagation stage, 

alkyl radicals formed during the previous stage react with atmospheric oxygen to create 

peroxide radicals, which combine with hydrogens from PE chains leading to the formation of 
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hydroperoxides and macroradicals. These hydroperoxides decompose thermally, which leads 

to the formation of new radicals which make it possible to create other oxidation products 

(alcohols, ketones, carboxylic acids, etc.). The propagation reactions stop when the generated 

radicals react with each other to give stable species, insensitive to oxidation. 

 

2.2.3. Ox-PE/PCL blends  

Blends containing 75wt% of Ox-PE and 25wt% of PCL (Ox-PE75/PCL25) were prepared in 

the Brabender plastograph at 130°C and 40rpm for 10 min. Thick films (1 mm) were prepared 

from the different formulations using a hydraulic press at a temperature of 160°C. 

 

Table 1 

Composition and designation of the prepared samples 

 

  

Composition and 
designation  

PE (wt %) PCL (wt %) EGMA (Phr) Pro-oxidant (Phr) 

PE 100 0 / / 

PE75/PCL25 75 25 / / 

PE50/PCL50 50 50 / / 

PE25/PCL75 25 75 / / 

PCL 0 100 / / 

PE75/PCL25EG1 75 25 1 / 

PE75/PCL25EG5 75 25 5 / 

Ox-PE75/PCL25 75 25 / 0.9 
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2.3. Characterization 

2.3.1. Fourier Transform Infrared Spectroscopy 

FTIR spectra of polymer films were obtained in Attenuated Total Reflection-mode at room 

temperature in the interval of 500-4000 cm-1 using a Perkin Elmer Frontier model with a 

spectral resolution of 4 cm-1 applying 32 scans. 

 

2.3.2. Scanning Electron Microscopy 

Fractured surface morphologies of polymer films were observed with a FEI Tecnai 200 kV 

SEM applying an accelerating voltage of 15 kV and using energy dispersion X-ray analysis. 

The sample surfaces were coated with a carbon layer to avoid electrostatic charging during 

analysis. 

 

2.3.3. Differential Scanning Calorimetry 

DSC measurements of PE, PCL and the elaborated blends were carried out on a DSC 8000 

instrument (Perkin Elmer). The samples were prepared by introducing 8 to 10 mg of the 

polymers into aluminum pans. Three successive heating and cooling cycles were conducted 

under nitrogen flow, applying a ramp rate of 10°C/min in the range of temperatures from -

70°C to 160°C. Only thermograms of the second heating cycles were taken into account for 

data analysis. The crystallinity degree (Xc) of samples was calculated using the following 

equation (1): 

XC (%) = (ΔHm / W × ΔH0m)*100       (1) 

where ΔHm represents the measured fusion enthalpy, ΔH0m is the fusion enthalpy of 100% 

crystalline polymers in the blends (PE: 293.1 J/g [39] and PCL : 139.5 J/g [40]), and W stands 

for the weight fraction of PE and PCL. 
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2.3.4. Thermogravimetric analysis 

TGA and Differential Thermal Analysis (DTA) were performed on a Pyris 1 TGA device 

(Perkin Elmer) with a resolution of 1μg. Heating of the sample was carried out from 25°C to 

700°C with a rate of 10°C/min under nitrogen atmosphere, and a flow rate of 20 mL/min. 

 

4. Results and Discussion 

4.1. Structural analysis 

Figure 1a represents FTIR spectra of homopolymers PE, PCL and their blends. The spectrum 

of PE reveals doublets at 2919–2851 cm-1 and 1473-1463 cm-1, associated to symmetric and 

asymmetric (CH2) stretching and bending deformations of CH2, respectively. A low 

absorption band at 1376 cm-1 can be attributed to symmetric deformation of methyl groups. A 

band appearing at 730-719 cm-1 corresponds to rocking deformation of methylene groups 

(CH2) [41]. 

In neat PCL, CH2 groups manifest themselves in several positions: a doublet at 2944-2865 

cm-1 corresponding to symmetric and asymmetric (CH2) stretching, and the band at 726 cm-1 

can be attributed to CH2 vibration. The intense peak at 1723 cm−1 can be assigned to the 

stretching of the carbonyls (C=O) of the ester groups. The different peaks observed at 1470, 

1397, 1368 cm−1 are associated to CH2 bending mode; peaks at 1243, 1108 and 1045 cm-1 can 

be attributed to C-O-C stretching. Other bands between 1164 cm-1 and 1194 cm-1 are also  

associated to C–O and O–C–O stretching, respectively [42]. 

The spectra of binary PE/PCL blends as function of composition (Figure 1a) were found to be 

similar to that of neat PCL. The different characteristic bands of PCL are present in the 

spectra of the blends, and they are independent of PCL concentration. 
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Fig. 1. (a) ATR-FTIR spectra of PE, PCL, and their blends; (b) the same spectra in the 
wavenumber range between 1800 and 700 cm-1. 
 

Figure 1b represents an enlarged view of Figure 1a between 1650 cm-1 and 680 cm-1. The 

doublet at 1473-1463 cm-1, corresponding to symmetric and asymmetric C-H stretching of 
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PE, decreases and merges to form a large band for PCL-containing blends. Moreover, the two 

bands situated around 730 cm-1 show inversion of their intensities after incorporation of PCL. 

These results indicate the presence of certain interactions between PE and PCL chains. 

Similar results were obtained by Blázquez-Blázquez et al. [43]. 

The FTIR spectra of EGMA and PE75/PCL25, containing 0, 1, and 5Phr of EGMA, are 

shown in Figure 2. The EGMA spectrum exhibits absorption bands at 997, 910 and 848 cm-1 

associated to the epoxy group, a band at 1730 cm-1 indicating the presence of a C═O group, as 

well as the characteristic bands of PE [37,44]. In contrast, peaks from glycidyl groups 

(EGMA) (997-848 cm-1) are imperceptible in the spectra of PE75/PCL25 with 1 and 5 Phr of 

EGMA. A new small band appears, corresponding to a hydroxyl group (OH) in the region of 

3200 cm-1, indicating a reaction between the epoxy group of EGMA and hydroxyl end groups 

of PCL [45,46]. 

 

Fig. 2. FTIR spectra of EGMA, PE75/PCL25 compatibilized with 1 and 5Phr of EGMA. 
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The spectrum of Ox-PE75/PCL25 blend, displayed in Figure 3, presents nearly the same 

bands compared to those of PE. The changes, taking place on the Ox-PE75/ PCL25 spectrum, 

are especially situated in the range from 1400 to 700 cm-1. They are associated to CH2 

bending mode and C-O-C stretching. One observes also a reduction of the band at 1720cm-1, 

and an increase of the doublet at 2944-2865 cm-1. Such findings could reflect the strong 

activity of pro-oxidants to induce thermo-oxidation processes in PE phase [47–51], which 

promote generation of peroxyl and /or alkoxyl radicals, formation of carbonyl groups on PE 

backbone, leading to chain scission, and formation of oxidation products. These processes are 

extensively described in literature [38]. 

 

Fig. 3. FTIR spectra of PE, PCL, PE75/PCL25 and Ox-PE75/PCL25. 
 

Furthermore, the oxidation products generated along the chains during shear melt blending of 

Ox-PE75/PCL25, can create successful interaction with PCL chains. Indeed, the apparent 

reduction of the band intensity at 1721 cm-1 (carbonyl group) (Figure 3) and the 

disappearance of the bands between 1400 and 700 cm-1 may be a significant proof of 
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interaction between Ox-PE and PCL chains during the melting process, which may result in 

the formation of new polymer chain arrangements. Following these remarks, an attempt was 

made to visualize by SEM observations the change of compatibility in these blends. 

 

4.2. Analysis of morphology 

SEM micrographs of fractured surfaces of the elaborated materials are displayed in Figure 4. 

In the case of the PE75/PCL25 blend (Figure 4a), a typical morphology of an immiscible 

system appears where two separate phases, corresponding to each compound, were observed. 

They are distributed in the form of a nodular morphology, consisting of a dispersion of 

spheres (or nodules) of PCL as the minority phase, in the PE matrix, as majority phase.  

Figure 4b and 4c indicate that, due to the diffusion effect introduced by EGMA chains at the 

interface; addition of EGMA causes a decrease of the size of PCL particles in the immiscible 

PE75/PCL25 blend. This effect is more pronounced for 5 Phr EGMA than for 1 phr. It can be 

deduced that EGMA act synergistically to reduce the particle size of the dispersed phase. A 

relatively uniform particle distribution within the matrix was observed. The same effect has 

been described in literature for other polymer systems [52–54]. 
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Fig. 4. SEM micrographs of the fracture surface of (a) PE75/PCL25, (c) PE75/PCL25EG1, 

(d) PE75/PCL25EG5 and (d) Ox-PE75/PCL25. 

 

  

(c) 

(d) 
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4.3. Differential Scanning Calorimetry 

Figures 5 and 6 illustrate thermograms corresponding to the second heating and cooling 

cycles of PE, PCL, binary PE/PCL blends, and tertiary PE75/PCL25/EGMA systems. The 

thermograms of PE100 show an endothermic peak at 106°C and an exothermic peak at 101°C 

related, respectively, to melting and crystallization occurring in the crystalline phase of PE. 

The DSC curve of PCL exhibits a melting temperature at around 55°C and a crystallization 

temperature at 35°C. Furthermore, the thermograms of PE/PCL blends present exo- and 

endothermic peaks corresponding to fusion and crystallization of the homopolymers. In the 

heating cycle (Figure 5a), the melting temperature (Tm) of PE increases smoothly with 

incorporation of PCL from 106°C (PE75/PCL25) to 111°C (PE25/PCL75). The cooling 

cycles of PE/PCL blends present two crystallization peaks, the first one in the range from  

-101°C to -104°C, and the second one between -31°C and -34°C, which can be attributed to 

PE and PCL, respectively. The thermal data of all samples are illustrated in Table 2. 

A small increase of the crystallization temperature (Tc) of PE as well as a decrease of Tc of 

PCL was observed with increasing PCL content in the binary PE/PCL blends. This is due to 

the fact that PE crystallizes at higher temperatures than PCL. As a consequence, PCL chains 

could undergo confinement effects into small volumes of lamellar crystallized PE [55]. The 

degree of crystallinity (Xc) of both PE and PCL phases in the blends shows slightly decreased 

values compared to those of the neat homopolymers, thus suggesting a certain compatibility 

between PCL and PE chains. Different explanations have been proposed in literature to 

understand this behavior [56]. 
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Fig. 5. Thermograms of (a) second heating, (b) cooling curves recorded at a scan rate of 
10°C/min for PE, PCL and PE/PCL binary blends. 
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Table 2 

Thermal properties of neat LDPE, PCL and their blends obtained from DSC thermograms. 

 

 

Sample Heating cycle Cooling cycle XC (%) 

PE PCL PE PCL PE PCL  

Tm ±0.1(°C) ΔHm(J/g) Tm±0.1(°C) ΔHm(J/g) Tc±0.1(°C) ΔHc (J/g) Tc ±0.1(°C) ΔHc(J/g)   

PE 106  64.99  /    101  ‐64.32  /  /  22.17  / 

PE75/PCL25 107  47.78  54  11.56  100  ‐47.41  31  ‐13.53  21.73  33.14 

PE50/PCL50 109  30.35  55  25.51  103  ‐30.23  33  ‐27.57  20.70  36.57 

PE25/PCL75 111  12.11  56  34.86  104  ‐13.59  34  ‐39.11  16.52  33.31 

PCL /  /  55  54.14  /  /  35  ‐55.72  /  38.81 

PE75/PCL25EG1 108  47.80  54  11.91  104  ‐56.82  28  ‐18.47  21.47  34.15 

PE75/PCL25EG5 108  41.23  53  11.88  104  ‐52.71  23  ‐9.31  18.75  34.06 

Ox-PE75/PCL25 109  39.93  55  7.61  110  ‐35.48  33  ‐8.49  18.15  21.82 
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Fig. 6. DSC thermograms of (a) heating and (b) cooling ramps for PE75/PCL25 blends in the 
presence of 1 and 5 Phr of EGMA. 
 

The thermograms of ternary blends composed of PE75/PCL25 and EGMA are presented in 

Figure 6. The displayed thermograms exhibit similar thermal events compared to those of 
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PE/PCL blends, with exception of a change in intensity of PCL peaks. Adding EGMA leads 

to an increase of melting and crystallization temperatures of PE and a decrease of the 

crystallization temperature of PCL (Table 2). The Xc values of PE75/PCL25/EG1 were found 

to be similar compared to PE75/PCL25. However, at 5 Phr of EGMA, Xc (PE) strongly 

decreased, which could be attributed to the interface formation by the reaction between the 

epoxy ring of EGMA and hydroxyl end groups of PCL during melt-blending. This interface 

contributed to modify interfacial adhesion between PE and PCL, which is in good agreement 

with results obtained in the literature [57]. 

Figures 7a and 7b represent DSC thermograms of heating and cooling ramps for PE75/PCL25 

and Ox-PE75/PCL25 blends, respectively. The results from thermal data analysis were 

gathered in Table 2. The thermogram of Ox-PE/PCL (Figure 7a) reveals similar thermal 

events compared to PE/PCL, accompanied with a small increase of the melting temperature of 

Ox-PE. During the cooling ramps a shift of the crystallization temperature of Ox-PE and PCL 

to higher temperatures was observed together with a change of the shape of the crystallization 

curves of PE. Changes of enthalpy and temperature values for PE and PCL in the Ox-PE/PCL 

system can be explained by the reorganization of polymers chains and formation of new 

crystalline phases after incorporating pro-oxidants in the PE phase. 

The crystallinity degrees of PE and PCL phases in the blend decreased from 21.7% in 

PE/PCL to 18.2% in Ox-PE/PCL and from 33.1% in PE/PCL to 21.8% in Ox-PE/PCL, 

respectively. This reduction of the crystallinity in the PE phase can be explained by the 

incorporation of pro-oxidants in the PE matrix, which initiate the oxidation process in the 

polymeric chain and lead to the formation of polar groups [27,58–60]. 

The decrease of crystallinity of the PCL phase in Ox-PE/PCL system is related to the sample 

morphology. Indeed, the decrease of the size of the dispersed phase in the Ox-PE/PCL blend, 

compared to the PE/PCL system (Figure 4), provokes a reduction of the crystallinity of the 
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PCL phase. Similar results were reported by several authors for other polymer systems [61]. 

 

 

Fig. 7. DSC thermograms of (a) heating and (b) cooling ramps for PE75/PCL25 and Ox-

PE75/PCL25 blends. 
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4.4. Thermogravimetric analysis 

The results of TGA analysis of neat homopolymers and the different blends are illustrated in 

Figure 8, and the important degradation temperatures are presented in Table 3. Tonset is the 

temperature corresponding to 5% of mass loss, Tf corresponds to the temperature of the end of 

degradation related to a mass loss of 95%, and Tdmax stands for the temperature corresponding 

to the maximum of mass loss. TGA curves of pure PCL and PE showed single decomposition 

steps with Tdmax of 409°C and 496°C, respectively (see Figure 8b). PE starts degradation at 

around Tonset= 411°C and finishes at around Tf= 496°C, whereas PCL begins the degradation 

process at Tonset =367°C, ending at Tf= 448°C. Figure 8a as well as Table 3 indicates that PE 

is thermally more stable than PCL, since it degrades at higher temperatures. 

Table 3 
TGA data of PE, PCL and their blends. 

 

The PE75/PCL25 blends show an intermediate behavior between PE and PCL (Figure 8a) 

with a decomposition temperature comprised between those of PE and PCL. Indeed, PCL 

decomposes at a lower temperature than PE. The PE75/PCL25 binary blend exhibits a two-

state decomposition process which can be seen in the thermograms where two main peaks 

appeared at 409°C and 475°C, which can be attributed to the decomposition processes of PCL 

and PE, respectively. 

Samples Tonset(°C) Tdmax1(°C) Tdmax2(°C) Tf(°C) 

PE 411 / 469 496 

PCL 367 409  448 

PE75/PCL25 390 409 475 487 

PE75/PCL25EG1 382 404 462 484 

PE75/PCL25EG5 387 407 469 489 

Ox-PE75/PCL25 376 398 478 490 
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Fig. 8. a) TGA and b) DTA curves of neat homopolymers and their blends. 
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Fig. 9. a) TGA and b) DTA curves of PE75/PCL25 and Ox-PE75/PCL25. 
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Similarly, two decomposition states were also observed when EGMA was incorporated into 

the PE75/PCL25 blend (Figure 8), yielding only small changes in Tonset and Tf compared to 

PE75/PCL25. This is probably due to enhanced interaction between the epoxy group of 

EGMA and the hydroxyl group of PCL. 

However, in the case of the Ox-PE75/PCL25 blend, Figure 9a, b and Table 3 show a 

reduction of Tonset of about 20°C compared to the other systems (PE, PCL, PE75/PCL25). 

This may be attributed to the catalyst effect of the pro-oxidant and its efficiency to accelerate 

degradation process of PE [6]. 

These modifications, occurring in the PE matrix, promote the Ox-PE75/PCL25 system to 

begin thermal degradation at lower temperatures than the other blends, resulting in a decrease 

of thermal stability. 

 

Conclusions 

In this paper, several approaches have been developed to enhance compatibility between PE 

and PCL, which can be a solution for the treatment of end-of-life PE waste. 

A series of PE/PCL blends were prepared and examined. FTIR and DSC results showed 

certain interaction between PE and PCL chains. EGMA copolymer was used in an attempt to 

increase compatibility within PE/PCL blends. Morphology analysis demonstrate that the size 

of the dispersed phase was slightly decreased in the presence of EGMA which can be 

explained by the reaction between hydroxyl end groups of PCL and epoxy group of EGMA at 

the interface. However no significant change in thermal degradation was achieved. 

Structure modification of PE was realized by thermo-oxidation in the presence of pro-

oxidants. The crucial point consists in the fact that this thermo-oxidation was performed 

before PE was mixed with PCL. This is the principal reason for the creation of interaction and 

thus enhancement of compatibility, yielding a decrease of crystallinity and thermal stability. 
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The trick of adding pro-oxidants to the PE matrix before blending with PCL ensured that 

thermo-oxidation took place on the PE chain. This method of elaboration allows developing a 

new strategy to obtain compatibility in melt blending with PCL or other biodegradable 

polymers, meeting thus the challenge of preventing pollution in the environment caused by 

end-of-life PE. 
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