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Predicting the Young's modulus and the impact strength of immiscible polyolefin blends
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This paper focuses on the prediction of Young's modulus and impact strength of immiscible polyethylene / polypropylene blends, prepared in the melt, on the whole composition range, starting from the composition, interfacial tension, rheological properties and processing conditions. For this, the model proposed by Veenstra and a tentative model relating respectively the modulus and the impact strength to the composition were used. They were combined with a micro-rheological model developed previously to predict the limits of dispersed phase and co-continuous morphologies, and the characteristic sizes of the phase. The predictions were compared with experimental data for blends of isotactic and syndiotactic polypropylenes and low-and high-density polyethylenes originating from different polymerization process, especially regarding the catalyst systems. The effect of the catalyst systems and the type of morphology on the properties were analyzed, showing better properties for blends of metallocene polyolefins in comparison to those obtained using Ziegler-Natta catalysts.

INTRODUCTION

Polyolefins are of immense interest because of their ease of processing, low production cost and large variability of the structures. They have a great chemical resistance and good mechanical properties. They are classified among the most consumed thermoplastic with a stable annual growth rate. Polyethylene (PE) is one of the most produced resins. Various polymerization processes make it possible to synthesize PE with different structures such as high-density polyethylenes (HDPE), low-density polyethylenes (LDPE), linear low-density polyethylenes (LLDPE) which are copolymers with α-olefins or ultra-high molecular weight polyethylenes (UHMWPE). The polydispersity index (Ip) of the PE depends on the catalysis system and on the polymerization process. The use of Philips (Cr) or Ziegler-Natta (ZN) catalysts, that are multi-sites catalysts, leads to the formation of homopolymers or ethylene copolymers with heterogeneous structures and a wide molecular weight distribution. On the contrary, the use of metallocene catalysts, that are single-site catalysts, enables the synthesis of polymers with a narrower molecular weight distribution and a more uniform incorporation of comonomers [START_REF] Kaminsky | Polyolefins: 50 years after Ziegler and Natta I: polyethylene and polypropylene[END_REF][START_REF] Kaminsky | Polyolefins: 50 years after Ziegler and Natta II: Polyolefins by Metallocenes and Other Single-Site Catalysts[END_REF]. The variety of molecular structures and of their distribution gives the opportunity to fine tune the properties of the obtained PE, for example their density and crystallinity degree.

Polypropylene (PP) is the second most produced polyolefin. With three possible stereospecific forms (isotactic, syndiotactic or atactic).The stereo-configurations or tacticity affect its properties namely the density or the degree of crystallinity [START_REF] Kaminsky | Polyolefins: 50 years after Ziegler and Natta II: Polyolefins by Metallocenes and Other Single-Site Catalysts[END_REF]. Isotactic PP presents the highest crystallinity degree. The syndiotactic configuration usually leads to a lower crystallinity degree mainly due to a low crystallization rate. Atactic polypropylene is unable to crystallize. Due to the specificity of the single site catalysis, PP obtained with metallocene catalysts polymerization present a more controlled stereo-regularity and a narrower molecular weight distribution in contrast to PP obtained with Ziegler-Natta catalysts [START_REF] Kaminsky | Polyolefins: 50 years after Ziegler and Natta II: Polyolefins by Metallocenes and Other Single-Site Catalysts[END_REF]. The development of improved metallocene catalyst systems allows the production of a resulting polymer with improved properties.

In addition to this great variety of polymers, additional tuning or synergizing of properties may be obtained by polymer blending [START_REF]Polyolefin blends[END_REF]. Though olefinic polymers such as PE and PP are similar in their chemical structure, and though the interfacial tension in the melt is generally low, PE and PP are generally immiscible. Therefore, a large panel of materials can be generated by means of specific dispersed or co-continuous morphologies opening the route to a wider range of properties. In this view, it is necessary to understand the influence of the new generations of metallocene catalysts on the properties of the polyethylene polypropylene (PE/PP) blends. Especially, the control of the interfacial adhesion through the choice of the catalyst system might be an interesting alternative to the use of compatibilizers for PE/PP blends.

Generally, copolymers of ethylene and α-olefins, especially ethylene-octene copolymers, are used as compatibilizers. The efficiency of these latter is correlated to their glass transition temperature [START_REF] Lin | Comparison of olefin copolymers as compatibilizers for polypropylene and high density polyethylene[END_REF] but adhesion seems clearly to be a decisive factor since block copolymers are more efficient than random ones [START_REF] Dias | Adhesion of statistical and blocky ethylene-octene copolymers to polypropylene[END_REF]. Actually, the optimum amount of octene comonomer favors the miscibility with both phases but the block length is also a critical factor [START_REF] Lin | Adhesion of olefin block copolymers to polypropylene and high density polyethylene and their effectiveness as compatibilizers in blends[END_REF]. More recently, new metallocene catalysis were used to synthesize multiblock (tetrablock) ethylene-propylene copolymers with high molecular weight [START_REF] Eagan | Combining polyethylene and polypropylene: Enhanced performance with PE/iPP multiblock polymers[END_REF][START_REF] Xu | Compatibilization of Isotactic Polypropylene (iPP) and High-Density Polyethylene (HDPE) with iPP-PE Multiblock Copolymers[END_REF]. These copolymers with controlled block length and structure have successfully improved the interfacial adhesion between HDPE and iPP in blends showing huge improvements of plastic deformation and cohesive failure, which was attributed to interpenetration between the compatibilizer and the homopolymers chains at the interface. Indeed, adhesion in PE/PP blends has been ascribed to long tie molecules [START_REF] Ishikawa | Effect of tie molecules on the craze strength of polypropylene[END_REF] that connect crystalline lamella in each polymer, provided that these molecules are entangled in the amorphous interphase between PE and PP. Conversely, it was shown that the introduction of a small amount of amorphous block copolymer or low molecular weight fraction, that segregate at the interphase in PE/PP blends, decreases the interfacial cohesion [START_REF] Chaffin | Semicrystalline blends of polyethylene and isotactic polypropylene: Improving mechanical performance by enhancing the interfacial structure[END_REF][START_REF] Poon | Adhesion of polyethylene blends to polypropylene[END_REF]. The positive effect of olefinic polymers or copolymers synthesized by metallocene polymerization catalysis compared to those obtained by Ziegler-Natta catalysis was attributed to the narrow molecular weight distribution that avoids the deleterious effect of such short species.

In addition to adhesion, mechanical properties are also clearly connected to the morphology of the blends (type and dimensions of the phases) which depends on rheological characteristics, interfacial tension and processing conditions. Especially, the toughening of polypropylene by elastomeric olefinic copolymers dispersed phases has been widely addressed in the literature regarding the effect of particle diameter and interparticle distance on the brittle-ductile transition [START_REF] Liang | Rubber toughening in polypropylene: a review[END_REF][START_REF] Van Der Wal | Polypropylene-rubber blends: 1. The effect of the matrix properties on the impact behaviour[END_REF] in view of pioneering work of Wu [START_REF] Wu | Chain structure, phase morphology, and toughness relationships in polymers and blends[END_REF][START_REF] Wu | Phase structure and adhesion in polymer blends: a criterion for rubber toughening[END_REF][START_REF] Wu | A generalized criterion for rubber toughening: the critical matrix ligament thickness[END_REF] on the existence of a critical interparticle distance. The dependence of this critical distance to temperature [START_REF] Starke | Fracture toughness of polypropylene copolymers: influence of interparticle distance and temperature[END_REF], particle diameter and its distribution [START_REF] Van Der Wal | Polypropylene-rubber blends: 4. The effect of the rubber particle size on the fracture behaviour at low and high test speed[END_REF][START_REF] Liu | Effect of morphology on the brittle ductile transition of polymer blends: 1. A new equation for correlating morphological parameters[END_REF], composition [START_REF] Hy Lee | Effect of Octene Content in Poly(ethylene-co-1-octene) on the Properties of Poly(propylene)/Poly(ethylene-co-1-octene) Blends[END_REF] and properties of ethylene copolymers has been studied. A homogeneous size distribution of the dispersed phase has been reported to be favorable for the brittle-ductile transition [START_REF] Wu | A generalized criterion for rubber toughening: the critical matrix ligament thickness[END_REF][START_REF] Liu | Effect of morphology on the brittle ductile transition of polymer blends: 1. A new equation for correlating morphological parameters[END_REF][START_REF] Premphet | Quantitative Characterization of Dispersed Particle Size, Size Distribution, and Matrix Ligament Thickness in Polypropylene Blended with Metallocene Ethylene-Octene Copolymers[END_REF], which might be also obtained by a better control of the molecular weight distribution by means of metallocene catalyzed polymerization [START_REF] Premphet | Quantitative Characterization of Dispersed Particle Size, Size Distribution, and Matrix Ligament Thickness in Polypropylene Blended with Metallocene Ethylene-Octene Copolymers[END_REF]. Though most of work dealt with dispersed phase morphology, the benefits of co-continuous morphology on fracture toughness has also been mentioned in iPP-LLDPE blends [START_REF] Kukaleva | Influence of Phase Structure on Impact Toughening of Isotactic Polypropylene by Metallocene-Catalyzed Linear Low-Density Polyethylene[END_REF].

Because of the influence of the morphology on stiffness, many models have attempted to predict the stiffness and particularly the Young's modulus (E) of polymer blends [START_REF] Nielsen | Mechanical properties of polymers and composites[END_REF][START_REF] Takayanagi | Viscoelastic behavior of polymer blends and its comparison with model experiments[END_REF][START_REF] Xie | Mechanical properties and morphology of polypropylene / polystyrene blends[END_REF] using series model (Equation 1a) or parallel model (Equation 1b) that are respectively the lower and upper bounds of the modulus variation and their combination.

E= Φ 1 E 1 +Φ 2 E 2 (1a) 1/ E= Φ 1 / E 1 +Φ 2 / E 2 (1b) 
For higher concentration and co-continuous morphologies, Davies [START_REF] Davies | The theory of elastic composite materials[END_REF] proposed Equation 1c:

E 1/5 = Φ 1 E 1 1/ 5 + Φ 2 E 2 1/ 5 (1c) 
With Φi the volume fraction of component i.

Kolarik [START_REF] Kolarik | Simultaneous prediction of the modulus and yield strength of binary polymer blends[END_REF] derived equations from two geometrical models. The Cross Orthogonal Skeleton Model (COS) model, consists of three orthogonal bars of component 1 embedded in a unit cube where the remaining volume is occupied by component 2. It is intended to model a co-continuous blend. The Three Perpendicular Plates Model (3PP) imitates particulate blends or composites for which the modulus of discontinuous component is comparable or higher than that of the continuous phase. Willemse [START_REF] Willemse | Tensile moduli of cocontinuous polymer blends[END_REF] tested these various models and showed that the predictions are similar and always underestimate the experimental results that are closer to the upper bound model. Veenstra [START_REF] Veenstra | On the mechanical properties of co-continuous polymer blends: experimental and modelling[END_REF] proposed a model derived from those of Takayanagi and Kolarik to predict the Young's modulus in the whole composition range including co-continuous morphologies.

The purpose of this paper is to predict the Young's modulus and the impact strength of blends of polyethylene and polypropylene without compatibilizer from their morphology. It aims at making use of a micro-rheological model developed in a previous work to predict the type and characteristic sizes of the morphology [START_REF] Charfeddine | A model for the prediction of the morphology of immiscible blends of polymers[END_REF]. It will be shown how these results can be combined with the model of Veenstra to predict the Young's modulus by using similar topological description of the morphology.

A relationship between the impact strength and the continuity degree will also be presented. On this basis, a preliminary model is proposed to take into account the effect of the type of morphology on the impact strength on the whole composition range including positive effects of co-continuous morphologies that have sometimes been reported [START_REF] Kukaleva | Influence of Phase Structure on Impact Toughening of Isotactic Polypropylene by Metallocene-Catalyzed Linear Low-Density Polyethylene[END_REF]. Finally, improvement of interfacial adhesion between polyethylene and polypropylene by a better control of their structures using single site catalysts without compatibilizer will be assessed.

THEORETICAL MODELS

The Veenstra's model to predict the Young's modulus

In the present paper, the Veenstra's model [START_REF] Veenstra | On the mechanical properties of co-continuous polymer blends: experimental and modelling[END_REF] is used to calculate the Young's modulus of the PE/PP blends from the blend morphology. It is based on a topological presentation of the droplet/matrix morphology and the co-continuous one. The three-dimensional geometries illustrating the dispersed morphology in a unit cube is used to describe the droplet/matrix structure as shown on Figures 1a and1b. The co-continuous structure is described as in the COS model [START_REF] Kolarik | Simultaneous prediction of the modulus and yield strength of binary polymer blends[END_REF] by three orthogonal bars representing polymer 1 inserted in a unit cube, the remaining volume of the cube being occupied by polymer 2 (Figure 1c and1d). The repetition of this geometry constitutes the three-dimensional co-continuous phase. the blend modulus is calculated assuming series or parallel assemblies of the cubes presenting the dispersed or co-continuous topology. The type of assembly and the corresponding equations depends on whether the major component is stiffer (Figure 1b and1d) or weaker (Figure 1a and1c).

On the basis of Takayanagi's and Kolarik's models [START_REF] Xie | Mechanical properties and morphology of polypropylene / polystyrene blends[END_REF][START_REF] Kolarik | Simultaneous prediction of the modulus and yield strength of binary polymer blends[END_REF], the blend modulus is calculated assuming series or parallel assemblies of the cubes presenting the dispersed or co-continuous topology. The type of assembly and the corresponding equations depends on whether the major component is stiffer (Figure 1b and1d) or weaker (Figure 1a and1c).

For the dispersed case, the volume fraction of the dispersed phase Φd is expressed as a function of geometric dimension λ with:

Φ d = 1-Φ m = λ 3 (2) 
where: Φm is the volume fraction of the matrix.

In the case of the co-continuous morphology, the volume fraction of the minor component Φ is 

Φ= 3a' 2 -2a' 3 (3) 
The predicted blend modulus E is then related to the volume fraction and the moduli of the components E1 and E2.

In the case of a stiff dispersed phase of polymer 1 in a weak matrix of polymer 2 (Figure 1 a), a series assembly is assumed, and the Young's modulus of the blend (E) is calculated using the following equation, λ being graphically defined in figure 1:

E= (1-λ 2 )E 2 + λ 2 E 1 E 2 λ E 2 +(1-λ)E 1 (4a) 
In the case of dispersion of weak polymer 2 in a stiff matrix of polymer 1 (Figure 1b), a parallel assembly is considered, and the Young's modulus is calculated by the following equation:

E= E 1 λ 2 E 2 +(1-λ 2 )E 1 (1-λ)λ 2 E 2 +(1-λ 2 + λ 3 )E 1 (4b)
When the weak phase is the major component (Figure 1c), a series assembly is assumed, and Equation 4c must be used. In the opposite case, when the stiff phase dominates, a parallel assembly is assumed, and Equation 4d is relevant:

E= a' 2 b' E 1 2 +(a' 3 +2a' b' +b' 3 )E 1 E 2 +a' b' 2 E 2 2 b' E 1 +a' E 2 (4c) E= (a' 4 +2a' 3 b' )E 1 2 + 2(a' 3 b' +3a' 2 b' 2 +a' b' 3 )E 1 E 2 +(2a' b' 3 +b' 4 )E 2 2 (a' 3 +a' 2 b' +2a' b' 2 )E 1 +(2a' 2 b' +a' b' 2 +b' 3 )E 2 (4d)
Coupling with a micro-rheological model for the prediction of the blend morphology

In a previous paper, a model to predict the type of morphology, degree of continuity of each polymer and the characteristic dimensions of the co-continuous phases from the composition, rheology of the components, interfacial tension and processing conditions was proposed [START_REF] Charfeddine | A model for the prediction of the morphology of immiscible blends of polymers[END_REF]. The topology of dispersed and co-continuous phase was described as in The calculation results were used to feed the Veenstra's model with the boundaries of the various regions for the applicability of equations 4a-4c and with the characteristic sizes in Equation 3, 4c, 4d. Four volume fractions (Φ1, Φ2, Φ3, Φ4) were defined to bound the various domains. When the volume fraction of PP is lower than Φ1, PP is dispersed in a matrix of PE. Between Φ2 and Φ3, both polymer phases are continuous. When the volume fraction is larger than Φ4, PE becomes dispersed in the PP matrix. In the intermediate zones, between Φ1 and Φ2, or between Φ3 and Φ4, both dispersed and continuous structure may coexist and the amount of each is given by the degree of continuity d c .

A preliminary model to predict the impact strength

In most of blends prepared in this study, polyethylene had a better impact strength compared to polypropylene, except for blends involving sPP. This is not surprising since the PE relaxation temperatures, either gamma transition related to crankshaft mechanisms or beta transition related to branching points are both lower than that of the iPP. Based on the experimental results, it is clear that the impact strength is mainly dictated by polyethylene as it is the less brittle component.

Therefore, a simple model predicting the impact strength was developed. In this model, the PE/PP behavior depends on the impact strength of the pure components (IPE and IPP) and on their volume fraction (ΦPE and ΦPP) on one hand and on the degree of continuity of the PP (d c PP) on the other hand, since the continuous PP phase has a detrimental effect on the toughness of the blend. The continuity diagram calculated using the micro-rheological model presented in our previous work [START_REF] Van Der Wal | Polypropylene-rubber blends: 4. The effect of the rubber particle size on the fracture behaviour at low and high test speed[END_REF] is used to find the limit of each structure (dispersed, co-continuous or both structures) and to calculate the contribution of each component to the impact strength of the extruded blends.

Below Φ1, the droplets of polypropylene are dispersed in the continuous phase of the polyethylene matrix. Therefore, the impact strength of the blend (I) is dominated by that of PE and the contribution of the polypropylene impact strength is negligible as its continuity degree is equal to zero. PP in the dispersed phase does not bring any embrittlement of the material. Therefore, the impact strength of the blend equals that of PE according to equation 5:

I = I PE (1-d PP c Φ PP )= I PE (5a)
When the PP amount increases, in the intermediate composition range where both structures, filaments and droplets, are stable and coexist (Φ1 < Φ < Φ2), the polyethylene remains continuous, but the polypropylene contributes to the reduction of the impact strength of the blend because a part of it is in a continuous phase. The impact strength of the blend is then calculated by the following equation:

I = I PE (1-d PP c Φ PP )+I PP d PP c Φ PP (5b)
Finally, above Φ2, the PP percolates and a dramatic fall of the impact properties of the PE/PP blend is observed. In this case, the impact strength of the blends is calculated as a function of the polypropylene impact strength only, its continuity degree which equals one and its volume fraction.

The polyethylene contribution being negligible, the following equation is used:

I= I PP d PP c Φ PP = I PP Φ PP (5c)

MATERIALS AND EXPERIMENTS

Materials and blends

Polyethylenes and polypropylenes were supplied by the Total company (Feluy, Belgium). Their physico-chemical properties are presented in Table 1 with information on the catalyst system used during polymerization process. LDPE was stabilized with a mixture of 50/50 wt-% of Irganox 1010 With help of the Ludovic ® software, an average shear rate value of 70 s -1 was determined in these conditions [START_REF] Charfeddine | A model for the prediction of the morphology of immiscible blends of polymers[END_REF] The obtained pellets were injection-molded using a Babyplast 6/10 injectionmolding machine at 190°C under mild injection conditions to get samples for analyzing mechanical properties. 

(

Mechanical testing

Tensile tests were performed at room temperature (23°C) using a Shimadzu tensile tester with an optical extensometer at a crosshead speed of 1mm/min and 50mm/min for linear and ultimate properties respectively. Due to a limited number of samples, the Young's modulus was first determined from the initial slope of the stress/strain curve between 0.05% and 0.25% strain at a crosshead speed of 1mm/min, then, the crosshead speed was increased at 50mm/min until break.

Impact tests were performed according to ISO 179 standard at room temperature. All specimens were notched using a manual notching machine. The mechanical measurements were made one week after injection to stabilize the samples. Mechanical properties were calculated as an average of 6 measurements.

Scanning Electron Microscopy

Scanning Electron Microscopy (SEM) observations were carried out on a FEI Nova nanoSEM 200 instrument using an electron backscatter diffraction detector. The accelerating voltage was 10 kV.

Ruthenium tetroxide RuO4 was used as a staining agent to enhance the contrast of images of blends by increasing the electron density. Staining also makes the samples harder and makes possible to get a smooth surface by cutting at room temperature with a diamond knife. Conductive carbon was coated on the surface by sputtering. The stained phase appeared bright and the less stained phase appeared dark in SEM. Average dimensions of the phase were calculated using the ImageJ sofware after binarization of the images. In the case of the co-continuous morphologies, the characteristic dimension lc was calculated according to the method described in [START_REF] Charfeddine | A model for the prediction of the morphology of immiscible blends of polymers[END_REF].

Differential Scanning Calorimetry

Differential scanning calorimetry (DSC) analysis was performed using a TA Instruments DSC Q10 calorimeter under nitrogen atmosphere to avoid degradation of the sample. Measures of melting temperature and melting enthalpy were performed on 5 to 10 mg of sample disposed in nonhermetic aluminum pans. Samples were analyzed during heating from -40 °C up to 180°C for PE and 230°C for PP and their blends at a scanning rate of 10°C/min. Deconvolution of the PE and PP melting peaks was easy for samples containing iPP because the melting peaks are well separated due to a large difference between melting points of the polymers. For the HDPE/sPP sample such a deconvolution of the peaks was not possible because of the similar range of melting temperatures within less than a few degrees and the complex melting pattern of sPP.

RESULTS AND DISCUSSION

Continuity Diagram

Figure 3 presents the continuity diagrams calculated for various blends. The calculation was performed for an average shear rate of 70 s -1 corresponding to the extrusion conditions. The interfacial tension was 0.7 mN/m for LDPE/iPP blends, 1 mN/m for HDPE(m)/sPP(m) and 1.3 mN/m for all other blends as explained in the previous paper [START_REF] Charfeddine | A model for the prediction of the morphology of immiscible blends of polymers[END_REF]. 

Table 2: Limits of the continuity diagram for the blends (Φi: volume fraction of PP).

The SEM pictures in Figure 4 

Comparison of experimental Young's moduli with calculations using the Veenstra's model

The Young's moduli were determined from the initial slope of the stress/strain curves and also calculated using the Veenstra's model [START_REF] Veenstra | On the mechanical properties of co-continuous polymer blends: experimental and modelling[END_REF], considering the limits of the continuity diagrams calculated by the micro-rheological model. It was also assumed that the phase properties, namely the Young's modulus, were those of the pristine PE and PP. In other words, the underlying idea was that the crystallinity of the polymers was not changed after processing or by the morphology in the blend. For all blends, polyethylene is considered as the weak phase (polymer 2) and polypropylene is the stiff one (polymer 1) except for the HDPE(m)/sPP(m) blends, because the syndiotactic polypropylene is more flexible than the high-density polyethylene. In the general case, isotactic polypropylene is added to the polyethylene matrix to increase the stiffness, and therefore the calculation was performed with Equation 4a when Φ < Φ1 and Equation 4b when Φ > Φ4. When To discriminate the capacity of the model to predict the Young's modulus, the calculated moduli were plotted as a function of the measured ones on Figure 6. The bisector dotted line is the ideal forecast. Two lines presenting the tolerance range of ± 20% show the quality of the prediction with the Veenstra's model for all the blends. The model agrees generally reasonably well with the experimental data of Young's modulus within the range of uncertainty and especially for the HDPE(m)/iPP(m) blends and HDPE(m)/iPP(Zn). For the HDPE(ZN)/iPP(m) and LDPE/iPP(ZN) blends, the model underestimates the Young's modulus. The experimental data (Figure 5) also indicates a dominance of the matrix component at low amounts of the other one which gives rise to a sigmoidal variation of modulus with composition, with very few influences of the dispersed phase. This fact is not well reflected by the model except in the case of LDPE/iPP(ZN) in Figure 5a.

Except for this blend, the prediction of the model is quasi linear. This seems to be related to the difference between the modulus of the pure components which is weak for blends in Figure 5b to Figure 5d, in the order of 200 to 300 MPa, while it is 900 MPa for LDPE/iPP(ZN). The modulus of the strong phase is 1.5 greater than that of the weak one in the first case while it is 6 times higher in the last case. For the LDPE/iPP(ZN) blends the non-linear variation is captured by the model and therefore it might be discriminant only when the difference between the pure polymers is large. Differences of crystallinity between that of PE and PP in pristine materials and in the phases of the blend could also be invoked. This might change the modulus of the phases in comparison to that of pure components contrary to the hypothesis stated initially. This point was not supported by DSC experiments as it will be shown later in the paper.

A particular attention was devoted to the HDPE / iPP 20/80 blends because another purpose of the present work was to test the possibility of improving the interfacial adhesion between polyethylene and polypropylene (without adding compatibilizer) by controlling their structures through the choice of the polymerization catalysts. Figure 7 presents some results of tensile tests performed at room temperature with a crosshead speed of 50 mm/min comparing blends of polyolefins issued from polymerization using Ziegler-Natta or metallocene catalysts. The yield stress of the blends varies from 33 to 37 MPa whatever the catalyst system. However, the blend of polymers Comparison of the results of impact tests with the proposed model.

The experimental results of impact tests at room temperature of the blends are shown on Figure 8 with the prediction of Equation 5a-c using the limits of the continuity diagrams presented in Table 2 and the continuity diagrams of Figure 3. Details are also given in Table 4. Similarly to what was assumed for the previous model for the calculation of modulus, the impact properties of the phases in the blend are assumed to remain unchanged after blending and processing of the materials.

The failure mode was qualified as ductile or brittle according to visual observation. Figure 8a shows that, at room temperature, the low-density polyethylene presents a ductile fracture. The up arrow indicates that the two parts of the fractured specimen remain linked after the impact strength which means that the energy applied was not enough to break the notched specimens at room The same behavior is observed for the neat sPP(m) and for the HDPE(m)/sPP(m)80/20 blend (Figure 8b). Indeed, the syndiotactic polypropylene presents a lower crystallinity degree compared to isotactic polypropylene and therefore a better ductile behavior was recorded. Equally, LDPE has a low crystallinity in comparison to HDPE. In the case of high-density polyethylene/isotactic polypropylene the impact strength decreases by increasing the volume fraction of polypropylene because the glass transition temperature of this latter is higher than that of polyethylene making it more brittle. The blends containing HDPE(ZN) presents a brittle fracture for all the composition range. On the opposite, for the HDPE(m)/iPP(m) blend (Figure 8c), a ductile failure mode was observed for the neat polyethylene and for composition 80/20 probably because of a better interfacial adhesion.

The prediction shows a fall of the impact properties when polypropylene becomes continuous for all the blends in agreement with experimental results. It also predicts the decrease of the impact strength when the polyethylene content increases. However, for the co-continuous structures the model underestimates the impact strength of the HDPE(m)/sPP(m), HDPE(m)/iPP(m) and HDPE(Zn)/iPP(m) blends. These results show that the limits of this preliminary model, especially for co-continuous morphology. For the dispersed morphology, the model might also be improved by taking into account the toughening effect of a dispersed phase considering the particle diameter and interparticle distance. However, for the blends studied in the present paper, the particle sizes were too large to observe any toughening by this process. As in the case of the calculation of the Young's modulus, one might suspect a difference between the morphology and crystallinity of the PE and PP phase in the various blends in comparison to those of the pure components. Figure 9 shows the enthalpies calculated from the melting peak of the PE and PP in the various blends and expressed by gram of blend. The linear variation with the composition means that the crystallinity of the components remains the same whatever the composition and morphology of the blend. Only a small variation can be observed for compositions with 20% of PP, this might indicate confined crystallization, but the values still remain within the uncertainty of the measurements. Also, because of the superposition of the melting peaks of HDPE(m) and sPP(m), the deconvolution of the enthalpies could not be performed for this particular blends but the total enthalpy of melting was consistent with that calculated from the simple linear mixing law indicating that this blend behaves like the other ones. Therefore, the observed deficiency of the models could not be attributed to this effect, neither for the impact resistance, nor for the Young's modulus. The simple model to predict the impact strength takes into account the impact strength of the pure components, their volume fraction, and the continuity degree of the PP. Indeed, the main assumption of the model is that the impact strength of the blend is mainly brought by polyethylene but that a percolating or continuous phase of PP, even partially, induces a dramatic fall of the impact properties. The results show that the model gives a good overall prediction of the experimental trends, namely the fall of the impact properties when the polypropylene become continuous and also the decrease of the impact strength when the polyethylene content increases for some blends.

However, the predictions remain unsatisfactory for co-continuous morphologies with a systematic underestimation of the impact strength in most cases. For the dispersed morphology an improvement of the model could be made by considering the toughening by dispersed phase by comparison of the interparticle distance calculated from the particle diameter in comparison to a critical interparticle distance. Whatever the morphology, DSC measurements showed that the crystallinity of the polymers was not changed in blends in comparison to pristine materials and could not be at the origin of the discrepancies of the models, neither for the impact strength, nor for the modulus.

At last, the effects of the metallocene polymerization and the type of morphology were finally evaluated on the whole composition diagram. It seems that the blends of metallocene polyolefins present better mechanical properties, especially regarding elongation at break, probably resulting from a better interfacial adhesion compared to Ziegler/Ziegler blends or Ziegler/metallocene blends.
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 1 Figure 1: Veenstra's model for the prediction of Young's moduli: (a) and (b) dispersed morphology (c) and (d) co-continuous morphology.On the basis of Takayanagi's and Kolarik's models [25, 27],

  related to the characteristic dimensions a and b (b = lc -a) of the co-continuous morphology or by using normalized quantities a' and b' (a' = a / lc and b' = b / lc)
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 2 Taking into account the dispersion mechanisms during the mixing step (mainly droplet breakup by capillary instabilities) and coalescence, and by analyzing the stability of the droplets or threads of one phase in the matrix, it enables to calculate diagrams of continuity, sizes of phases and boundaries of the dispersed phase and co-continuity regions. The model requires the knowledge of a limited number of data such as the mean shear rate γ to describe the flow in the twin-screw extruder, the matrix viscosity and the dispersed phase viscosity which are measured at the mean shear rate and finally the interfacial tension (σ).
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 2 Figure2: Topological model used in the previous work[START_REF] Charfeddine | A model for the prediction of the morphology of immiscible blends of polymers[END_REF].The calculation results were used to feed the Veenstra's model with the boundaries of the various regions for the applicability of equations 4a-4c and with the characteristic sizes in Equation 3, 4c, 4d. Four volume fractions (Φ1, Φ2, Φ3, Φ4) were defined to bound the various domains. When the volume fraction of PP is lower than Φ1, PP is dispersed in a matrix of PE. Between Φ2 and Φ3, both polymer phases are continuous. When the volume fraction is larger than Φ4, PE becomes dispersed in the PP matrix. In

  Pentaerythritol tetrakis (3-(3,5-di-tert-butyl-4-hydroxyphenyl) propionate)) and Irgafos 168 (Tris(2,4-di-tert-butylphenyl) phosphite) for processing. Six binary blends of PE with PP (LDPE/iPP(ZN), HDPE(m)/sPP(m), HDPE(m)/iPP(m), HDPE(m)/iPP(ZN), HDPE(ZN)/iPP(m), HDPE(ZN)/iPP(ZN)) with three compositions of each (20/80, 50/50, 20/80 wt-%) were prepared in a co-rotating twin-screw extruder (Eurolab, Thermo Scientific) with screw diameter D=16 mm and L/D=40 using the same conditions at 190°C and a circular die (2 mm of diameter). The flow rate was 0.6 kg/h and the screw rotation was 200 rpm.

Figure 3 :

 3 Figure 3: Continuity diagram of extruded blends prepared at 190 °C, average shear rate of 70s -1 : a)LDPE/iPP(ZN) σ =0.7mN/m, b) HDPE(m) /sPP(m) σ =1 mN/m, c) HDPE(m)/iPP(m) σ = 1.3 mN/m, d) HDPE(ZN)/iPP(ZN) σ = 1.3 mN/m.

Figure 4 :

 4 Figure 4: SEM Pictures of the blends

Figure 5 :

 5 Figure 5: Young's modulus as a function of composition for a) LDPE/iPP(ZN), b) HDPE(m)/sPP(m), c) HDPE(m)/iPP(m), d) HDPE(ZN)/iPP(ZN). (symbols: experiments, line: model).

Figure 6 :

 6 Figure 6: Predicted Young's moduli as a function of the experimental data.

(

  HDPE(m)/iPP(m) has a much greater extension than the blends containing at least one Ziegler-Natta component. This result shows that the simultaneous use of metallocene polyethylene and metallocene polypropylene promotes a better interfacial adhesion in blends of polyolefins compared to Ziegler/Ziegler blends or Ziegler/metallocene blends. As it was already pointed out in the introductory part, following the conclusions of Chaffin et al. and Poon et al.[START_REF] Chaffin | Semicrystalline blends of polyethylene and isotactic polypropylene: Improving mechanical performance by enhancing the interfacial structure[END_REF][START_REF] Poon | Adhesion of polyethylene blends to polypropylene[END_REF], the positive effect of polymers synthesized by metallocene polymerization catalysis compared to those obtained by Ziegler-Natta catalysis can be attributed to the narrow molecular weight distribution that avoids the deleterious effect of short species. The low molecular weight chains of PE in polymer with a wide MWD tend to segregate at the interface between PE and PP as an amorphous interfacial and they are unable to form effective entanglements. Highly branched chains with a complex topology may play a similar role.

Figure 7 :

 7 Figure 7: Stress/strain curve of HDPE / iPP blends from Ziegler-Natta or metallocene catalyzed polymerizations.

Figure 8 :

 8 Figure 8: Impact strength at room temperature for: a) LDPE/iPP(ZN), b) HDPE(m)/sPP(m), c) HDPE(m)/iPP(m), d) HDPE(ZN)/iPP(ZN). Symbols: experiments, Line: model, Arrow indicating that the specimen is not completely broken.

Figure 9 :

 9 Figure 9: Melting enthalpies for PE and PP in the blends (given by gram of blend). Lines indicate the linear mixing rule with melting enthalpy : 212 J/g for HDPE (m), 199 J/g for HDPE (ZN), 105 J/g for LDPE, 95 J/g for iPP (ZN) and 96 J/g for iPP (m).

Table 1 :

 1 Physico-chemical properties of the polyolefins (rad: radicalar, m: metallocene, ZN: Ziegler

	Polymer	Synthesis	Mn (g/mol)	Mw (g/mol)	Mz (g/mol)	Mw/Mn

Table 3 :

 3 Experimental and calculated Young's Modulus (MPa) for all blends.

Table 4 :

 4 Experimental measurements and predicted values of impact strength (kJ.m -2 ) at room temperature (23°C). The symbol * means ductile failure, the symbol ** means ductile / brittle: half of the specimens presented ductile behavior.
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