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ABSTRACT.  

The activation of a prototypical nickel(II) Brookhart catalyst by either methylalumoxane 

(MAO) or diethylaluminumchloride (AlEt2Cl) under a variety of conditions showed that a 

proper choice of the mode of activation is a powerful tool to modulate the polymer 

microstructure. In particular, use of  AlEt2Cl instead of MAO resulted in the production of 

more branched polyethylenes with a higher content of long chain branches and even some 

"branches on branches". Characterization of these materials by NMR, thermal, X-ray 
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diffraction and mechanical analyses provided insight in the relationships between the 

microstructure and the crystallization behavior and the elasticity of the polymers. For 

these branched polyethylenes, a transition from plastomeric toward elastomeric behaviour 

occurs for branch concentrations much lower than for ethylene-propylene copolymers and 

like those observed for ethylene copolymers with bulkier comonomers.  For elastomeric 

materials, reduction of branch concentration implies two relevant advantages: i) reduction 

of glass transition temperature becoming closer to that of polyethylene; ii) more efficient 

radical crosslinking with reduction of degradation reactions. An additional advantage is, of 

course, a polymer production process involving only ethylene. 
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INTRODUCTION 

The discovery of a novel class of catalysts based on Ni(II) or Pd(II) α-diimine compounds by 

Brookhart et al. in 19951 was a main breakthrough for the development of late transition metal 

and "post-metallocene" olefin polymerization catalysts.2-11 The unique feature of these catalysts 

resides in their ability to promote a "chain-walking" mechanism of polymerization, a process 

involving a number of β-hydride eliminations and reinsertions with opposite regiochemistry.1,12-

15 In the case of ethylene polymerization, this mechanism results in the production of 

macromolecules with a variable content of branches of different lengths, methyl branches being 

the most abundant, affording polymers ranging from semicrystalline plastics to thermoplastic 

elastomers to hyperbranched amorphous waxes and oils. For Ni catalysts, as shown already in 

the first Brookhart's reports,1,12-15 the degree of branching is a function of temperature, monomer 

pressure and catalyst structure: an increase of polymerization temperature results in higher 

branching, while an increase of monomer pressure produces the opposite effect; finally, an 

increase of the steric bulk in the axial positions of the square-planar coordination sphere 

produces higher branching and plays a decisive role for the achievement of high molecular 

weight polymers. These findings were thoroughly explained by a mechanism involving a 

cationic 16-electron β-agostic Ni(II) complex as the resting catalyst state (in equilibrium with the 

alkyl ethylene complex) for which the relative rates of chain-walking and monomer coordination 

are affected by temperature, pressure and the steric hindrance of the ligand (note that for Pd 

catalysts the degree of branching is always higher and independent on monomer pressure since 

the catalyst resting state is the alkyl ethylene complex).12-15  
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In the following 20 years, hundreds of studies by researchers from both academia and industry 

have flourished building upon these concepts, introducing a large number of variants in the 

ligand design and substantially confirming and extending Brookhart's initial findings.16-21  

Some 20 years ago, we reported that the degree of branching is also significantly influenced by 

co-catalyst effects,22 but this finding was apparently overlooked, although some subsequent 

studies discussed this issue, with contrasting  conclusions.23-27 Here we report the results 

concerning the performance of a prototypical bis(arylimino)acenaphtene dibromo nickel(II) 

Brookhart catalyst (1, chart 1) activated by either methylalumoxane (MAO) or 

diethylaluminumchloride (AlEt2Cl) under variable conditions, confirming that the polymer 

microstructure is substantially affected by the mode of activation. More interestingly, we found 

that high molecular weight amorphous polyethylenes displaying excellent elastomeric properties 

can be produced under suitable conditions.28-30 Full characterization of these materials by 

structural, thermal, mechanical analyses provides insight in relationships between microstructure, 

crystallization behavior and elasticity of these branched polymers. 

 

Chart 1. 

 

EXPERIMENTAL SECTION 

General procedures 
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All manipulation involving air and/or moisture-sensitive compounds were performed under an 

atmosphere of nitrogen in a Braun Labmaster glovebox or using Schlenk techniques. Glassware 

used were dried in an oven at 120 °C overnight and exposed three times to vacuum–nitrogen 

cycles. Toluene and o-dichlorobenzene were refluxed over metallic sodium, dichloromethane 

was refluxed over CaH2 and hexane was refluxed over sodium-benzophenone. They were 

distilled under nitrogen before use. Deuterated solvents were purchased from Aldrich and stored 

in the glovebox over 3 Å molecular sieves before use. All other reagents were purchased from 

Aldrich and used as received. Ethylene was purchased from SON and used without further 

purification. Complex 1, bis(arylimino)acenaphtene dibromo nickel(II) was synthesized 

according to the literature.1,31,32 

Characterization Techniques 

The NMR spectra were recorded at 373K on a Bruker 600 MHz Ascend 3 HD spectrometers. 

Chemical shifts (δ) were expressed as parts per million. 1H NMR spectra were referenced using 

the residual solvent peak at δ 6.85 for C2Cl4D2 (TCDE) and δ 7.91 for C6D4Cl2 (o-DCB). 

13C NMR spectra were obtained on a Bruker 600 MHz Ascend 3 HD spectrometer in a 5 mm 

probe on o-dichlorobenzene-d4 solutions of polymers locked at 100°C using a 90° pulse of 12 µs, 

a spectral width of 12 kHz (80 ppm), a relaxation delay of 4 s, an acquisition time of 5 s.13C 

NMR spectra were referenced internally to the major backbone methylene carbon resonance, 

which was taken as 30.00 ppm from Me4Si. 

SEC measurements for some representative samples were carried out by using an integrated 

GPCV2000 SEC system from Waters equipped with two on-line detectors: 1) a differential 

viscometer (DV); 2) a differential refractometer (DRI) as concentration detector. The 
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measurements were made at 145 ◦C using 1,2-dichlorobenzene as a solvent. Every value was the 

average of two independent measurements, using an universal calibration (SEC-CU) constructed 

from 18 narrow MMD polystyrene standards, with the molar mass ranging from 162 to 5.48 × 

106 g/mol. For sample 5, Mw =  215000, Mw / Mn = 3.9; for sample 6,  Mw = 87000, Mw / Mn = 

2.2. 

DSC measurements were carried out under nitrogen in the temperature range -120⁰C + 170⁰C, at  

heating or cooling rates of 10 °C/min, on a TA instruments (DSC 2920). 

Wide-angle X-ray diffraction (WAXD) patterns of unstretched samples were obtained by an 

automatic Bruker D8 Advance diffractometer, operating in the θ/2θ Bragg–Brentano geometry, 

at 35 kV and 40 mA, using the nickel filtered Cu-Kα radiation (1.5418 °A). A degree of 

crystallinity (Xc) has been determined by resolving the diffraction patterns, in a selected 2θ range 

(7°-32°), into two areas Ac and Aa that are taken as proportional to the crystalline and amorphous 

fractions of br-PE. The degree of crystallinity is then calculated as  Xc = 100 Ac/(Ac + Aa). As a 

reference fully amorphous X-ray diffraction pattern, the pattern of the sample with 68‰ of 

branches, was used. 

Wide-angle X-ray diffraction patterns of the stretched films were obtained by a D8 QUEST 

Bruker diffractometer (CuKα radiation) sending the X-ray beam perpendicular to the film 

surface. For stretched films, the degree of axial orientation (χ), that is of the orientation of the 

chain axes of the crystalline phase with respect to the stretching direction, has been formalized 

on a quantitative numerical basis using the usual Hermans orientation function33  

                       ____ 
χ = (3cos2γ - 1)/2 
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where cos2γ is the squared average cosine value of the angle, γ, between the crystallographic c 

(chain) axes and the stretching direction. The quantity cos2γ has been experimentally evaluated 

by the intensity of azimuthal distribution of the most intense equatorial reflection (110 for 

samples with orthorhombic structure and 100 for samples with pseudo-hexagonal structure). In 

these assumptions, when χ is equal to 1, the c axes of all crystallites are perfectly parallel to the 

stretching direction while, when χ is equal to 0, there is a random crystallite orientation. For 

amorphous samples, a degree of axial orientation of polymer chains has been analogously 

evaluated, by using by the intensity of azimuthal distribution of the amorphous diffraction halo. 

Mechanical tests were performed on compression molded samples, kept at 23°C for 24 h. Tensile 

tests were carried out on a rectangular specimen 50 mm long and 6 mm wide, cut from a 1.5 

mm-thick compression-molded sheet. The cross head rate was fixed at 500 mm/min. 

Tension set measurements were performed according to the ASTM D412 method. The specimen 

had a 1.5-mm thick, 50 mm-long and 2 mm-wide span. It was held at 200% elongation for 1 min. 

The tension was then released and measured according to the following formula: 100 ((Lf-Li)/Li), 

where Lf and Li are the final and initial lengths of the specimen, respectively. 

 

RESULTS AND DISCUSSION 

Effects of the activation conditions on the polymer microstructure.  

The performance of precatalyst 1 activated by either AlEt2Cl or MAO under a variety of 

conditions was evaluated, focusing on the effects of the activation conditions on the polymer 

microstructure. The polymerization conditions and results of some representative experiments 
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are summarized in Table 1. The data confirm that, under otherwise identical condition, the 

degree of branching is significantly higher when AlEt2Cl is used as the activator: e. g. using 1 

mmol of Al activator and 1 µmol of Ni, 68 branches per 1000 C's are produced with AlEt2Cl but 

only 49 with MAO (cf. entries 2 and 13).22 Interestingly, the degree of branching can be 

efficiently modulated by proper choice of the AlEt2Cl amount under identical conditions of 

temperature and monomer pressure, resulting in the production of PE's containing a variable 

branching content ranging from 56 branches per 1000 C's at low Al content up to 80 branches 

per 1000 C's at high Al content (cf. entries 1-5). In comparison, MAO activation under identical 

conditions results in lower branching densities for all the Al/Ni ratio tested (see entries 11-14). 

Some influence of the amount of Al activator on the polymer microstructure was previously 

observed, although apparently contrasting tendencies were reported.23-27 Our findings suggest 

that a proper choice of the mode of activation is a powerful tool to modulate the polymer 

microstructure, resulting in larger effects than, e. g., those recently observed when a chemical 

reductant was added to the same precatalyst.34,35  

Table 1.
 Polymerization conditions and results a) 

Entry Ni cat 

(µmol) 

cocatalyst 

(mmol) 

T 

(°C) 

P 

(atm) 

time 

(min) 

yield (g) branchesb)  

1 1.0 AlEt2Cl (0.5) 20 1 30 1.40 56 

2 1.0 AlEt2Cl (1.0) 20 1 30 1.30 68 

3 1.0 AlEt2Cl (2.0) 20 1 30 1.51 67 

4 3.0 AlEt2Cl (3.0) 20 1 30 2.54 80 

5 3.0 AlEt2Cl (2.0) 20 1 60 3.95 76 
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6 3.0 AlEt2Cl (2.0) 50 1 60 3.75 97 

7 1.0 AlEt2Cl (2.0) 20 5 10 3.94 28 

8 1.0 AlEt2Cl (2.0) 40 5 7 4.48 49 

9 1.0 AlEt2Cl (2.0) 60 5 7 5.10 56 

10 1.0 AlEt2Cl (2.0) 80 5 10 2.32 68 

11 1.0 MAO (0.5) 20 1 30 0.42 48 

12 1.0 MAO (1.0) 20 1 30 0.45 49 

13 1.0 MAO (2.0) 20 1 30 1.25 57 

14 3.0 MAO (3.0) 20 1 30 2.16 50 

a) solvent = toluene 100 mL. b) Number of branches per 1000 carbons in the polymer chain, 

including those of the branches, calculated from 1H NMR.36
 

 

We have also investigated the catalyst performance using AlEt2Cl activation under variable 

temperature and pressure. As expected from the literature data,1,15 the degree of branching 

increases (and the molecular weigth decreases) while the polymerization temperature increases 

(cf. entries 5 and 6). In particular, a highly branched PE (97 branches per 1000 C's) is obtained at 

50 °C, but the sample is sticky due to the low molecular weight (Mw is 87000 compared to 

215000 for the sample prepared at 20 °C under the same conditions, see the Experimental 

section). On the other hand, as expected, an increase of monomer pressure results in a decrease 

of branching frequency: at 20 °C polymerization temperature, using 2 mmol of AlEt2Cl and 1 

µmol of Ni, the branching  content decreases from 67‰ at 1 atm to 28‰ at 5 atm (cf. entries 3 

and 7). However, proper selection of the values of pressure and temperature allowed us to 
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produce highly branched, high molecular weight PE samples also under technically more 

interesting conditions, e.g. at 80 °C  (see entry 10). 

Detailed analysis of the polymer microstructures was achieved by 13C NMR analysis according 

to Galland et al.
37 The content of branches of different lengths of some representative polymer 

samples are reported in Table 2. Interestingly, polymers prepared using a higher amount of 

Al(C2H5)2Cl as the cocatalyst (such as sample 4, see the 13C NMR spectrum of Figure 1) have a 

significantly higher content of branches longer than five carbons ("hexyl+") and also some 

"branches on branches" (as indicated by the presence of the "fingerprint" resonances of sec-butyl 

groups). It is also worth noting that in all samples there are significant amounts of neighboring 

methyls and hexyl+'s, i. e.  1,4-dimethyl, 1,5-dimethyl, 1,6-dimethyl and 1,4-dihexyl+, while 

1,2-dimethyl and 1,3-dimethyl branches, which are always present in ethylene-propylene 

copolymers, are absent (v. infra). 
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Figure 1. 
13C NMR spectrum of a highly branched polyethylene (entry 4).37 

  

Table 2. Number and type of branches per 1000 carbons evaluated from 13C NMR analysis for 

some representative samples. 

Sample 1,4-

Me 

1,5-

Me 

1,6-

Me 

isolated 

Me 

Et Pr Bu Am 1,4-

hexyl+ 

isolated 

hexyl+ 

sec-

Bu 

total 

2  9.3 2.4 10.1 22.6 4.2 2.8 3.1 2.6 2.0 8.7 0.4 68 

4 14.1 4.2 15.4 10.4 6.2 2.8 5.6 3.5 6.0 10.2 1.5 80 

12 6.0 1.2 4.6 18.5 3.0 1.7 2.3 2.0 1.2 8.4 - 49 

 

Crystallinity of branched polyethylenes 

Differential Scanning Calorimetry (DSC) scans of some of the synthesized branched 

polyethylene samples (hereinafter br-PE) have been collected, after erasing their previous 
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thermal history by melting at 170 °C in the DSC apparatus. Cooling scans from the melt and 

subsequent heating scans, both at a rate of 10 °C/min, are shown in Figure 2.  As already 

observed for analogous br-PE samples28 as well as for ethylene copolymers,38-42 broad 

endothermic and exothermic peaks are observed that are superimposed to the glass transition 

temperature. This, of course, reduces the accuracy in evaluation of both temperature and 

enthalpy of the observed transitions. 

 

Figure 2. DSC scans (A = cooling from the melt; B = second heating) of representative samples 

of branched PE’s, with different number of branching: (a) 80 ‰; (b) 68 ‰; (c) 49 ‰.  

 

Melting temperatures (Tm) and enthalpies (∆Hm), as taken by heating scans like those shown in 

Figure 2B, are plotted, versus the number of branches per thousand carbon atoms, in Figures 3A 

and 3B, respectively. For the sake of comparison, Tm and ∆Hm literature values for ethylene 

random copolymers with propene,41 1-octene38,41 are also plotted Figure 3. It is apparent that Tm 

and ∆Hm values observed for br-PE are close to those observed for ethylene copolymers with 
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hexyl substituents, while are largely shifted toward lower values of chain branching, with respect 

to ethylene-propylene random copolymers (exhibiting only methyl substituents along PE chains). 

 

 

Figure 3. Melting temperatures (A) and melting enthalpies (B) versus the number of branches 

per thousand carbon atoms, for branched PE samples of Table 1 (dark circles) and, for 

comparison, of ethene-propene40(triangles) and ethylene-octene (squares38 and stars41) 

copolymer samples. 

 

Representative WAXD patterns at room temperature, as taken by an automatic powder 

diffractometer, of br-PE rubbery slabs with different amount of chain branches are collected in 

Figure 4. For low branching content (e.g., 49 ‰, Figure 4c) crystalline peaks of the 
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orthorhombic form of polyethylene are clearly present. As the branching content increases, the 

amorphous halo becomes predominant and only an amorphous halo is present for high branch 

content (e.g., 68‰ and 80‰, Figures 4a,b).   

 

 

Figure 4. WAXD patterns, as taken by an automatic powder diffractometer at room temperature, 

of branched PE’s with different number of branching: (a) 80 ‰; (b) 68‰; (c) 49 ‰.  

 

 

Degrees of crystallinity at room temperature derived by WAXD patterns like those of Figure 3, 

are plotted versus the content of branches and compared with those of random ethylene 

copolymers with propene40 and styrene43 in Figure 5. The complete loss of crystallinity for 

branching content higher than 60‰ (Figure 5) is, of course, easily rationalized by the 

corresponding reduction of melting temperature to values lower than room temperature (Figure 

3). 
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Figure 5. Degree of crystallinity as evaluated by X-ray diffraction patterns at room temperature, 

versus number of branches per thousand carbon atoms, for branched PE’s (dark circles), and, for 

comparison, for random ethylene-propene41 (triangles) and ethylene-styrene44 copolymers 

(hexagons).  

 

Of course, for all copolymers, the introduction of substituents in linear polyethylene chains 

gradually leads to complete loss of crystallinity and hence loss of melting (Figure 2) and 

diffraction peaks (Figure 4). As expected, minimum disturbance to crystallinity is given by 

methyl branches, which are able to enter into the lattice of orthorhombic polyethylene, gradually 

increasing the disorder in the crystalline phase but leaving substantially unaltered the trans-

planar conformation of the chains.44,45 To have a complete loss of crystallinity at room 

temperature for ethene-propene copolymers, methyl branch content has to be higher than nearly 

120‰ (Figure 5, roughly corresponding to ethylene content below 75 mol %). Differently from 

methyl branches, longer alkyl branches cannot be accommodated in the polyethylene based 

crystalline phases and as a consequence their presence in polyethylene based chains leads to a 

more drastic reduction of crystallinity.43,46,47 (Figure 4) 
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X-ray diffraction patterns, like those of Figure 4, also show that unit cell parameters for br-PS 

samples only slightly increase with branch content. In fact, only increases of a and b lower than 

1%, with respect to values observed for orthorhombic polyethylene, are observed. An analogous 

behavior has been observed for ethylene copolymers with comonomers bulkier than propene, 

which although produce drastic reduction of crystallinity, cause only minor deformations to the 

orthorhombic unit cell parameters.43.46,47
 

It is worth adding that although more than one half of branches of br-PE samples are methyl 

groups (Table 2), the observed behavior is completely different from that one observed for 

ethylene-propylene copolymers. In fact, for ethene-propene copolymers, the dimension of the a 

axis of the unit cell of polyethylene markedly increases, almost proportionally to methyl 

branches, whereas b and c axes practically retain the dimensions found in polyethylene. For high 

content of methyl branches, a becomes nearly equal to b x √3 and hence the unit cell becomes 

pseudo-hexagonal, where long-range positional order in three dimensions is maintained only for 

chain axes.42,44,45 For unstretched br-PE samples formation of an analogous pseudo-hexagonal 

form is not observed.  

 

Crystallization under stretching 

Variations of X-ray diffraction patterns of br-PE because of room temperature stretching, up to 

strain ε=4, are shown in 2D WAXD patterns of Figure 6. Depending on branch content, largely 

different kinds of behavior are observed.  
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A sample being amorphous at room temperature, with a branching content of 80‰ (and more in 

general samples with melting temperature roughly in the range –10°C +10°C), is reversibly 

oriented under stretching but remains amorphous (Figure 6A). In fact, the amorphous halo 

centered at d=0.46 nm (2ϑCuKα = 19.4°) becomes polarized on the equator, reaching an 

orientation factor close to χ= 0.5 for ε=4, while completely lose its polarization because of stress 

release (Figure 6A). 

A second kind of behavior is that one of an amorphous sample, with a branching of 68‰ (and 

more in general for samples with melting temperature close to room temperature), that reversibly 

crystallizes under stretching (Figure 6B). The 2D pattern show the appearance of a well-defined 

crystalline peak located at d=0.44 nm (2θ= 20.2°), definitely shifted with respect to the 

maximum of the starting amorphous halo (at d=0.46 nm, i.e. 2θ=  19.3°). The patterns of Figure 

5B also indicate the reversible achievement, for high strain, of a remarkable degree of orientation 

(for ε=4, χ=0.71).   

A third kind of behavior is that one observed for br-PE sample with 49‰ of branches (and more 

in general for samples with melting temperature in the range 50-70°C), which in the unstretched 

state exhibits an orthorhombic crystalline phase (Figure 6C). As also shown by the pattern of 

Figure 4, for the unstretched film, an intense 110 diffraction ring at d=0.41nm and a minor 200 

diffraction ring at d=0.37nm are observed. After stretching, already for ε=2, the two 

orthorhombic crystalline peaks are replaced by a broader diffraction peak centered at d=0.43nm  

(2θCuKα= 20.6°). The patterns of Figure 6C also indicate the achievement, for high strain (ε=4), 

of a relatively high degree of orientation (χ=0.65). This kind of crystallinity remains stable even 

after stress removal, and also its orientation is in part maintained (χ=0.37).  
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Figure 6.  X-ray diffraction patterns (CuKα) as a consequence of room temperature stretching of 

branched polyethylene samples having: (A) 80‰ of branching and Tc = –14°C; (B) 68‰ of 

branching and Tc = 33 °C; (C) 49‰ of branching and Tc = 60 °C. 

 

Finally, br-PE samples with melting temperature higher than 90°C, with a content of branching 

lower than 30‰, have the typical behavior of polyethylene, exhibiting an orthorhombic 

crystalline form, which irreversibly orients as a function of stretching.  

The 2D patterns of stretched samples of Figures 6A and 6B indicate the formation under 

stretching of a disordered crystalline phase different from the orthorhombic one, both starting 

from amorphous samples (Figure 6A) as well as from suitable orthorhombic crystalline samples 
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(Figure 6B). The replacement of the two orthorhombic crystalline peaks by a broader diffraction 

peak centered at higher Bragg distance (d=0.43-0.44 nm rather than at 0.41nm) clearly indicates 

the formation of a pseudo-hexagonal crystallinity43-48 (with a = 0.496-0.508 nm).  

Hence, br-PE samples, which roughly include 50% of methyl branches and 50% of bulkier 

branches, generally exhibit the orthorhombic form as typical of ethylene copolymers with 

excluded bulk branches. However, as a consequence of stretching, if the branch content is higher 

than 40‰, this orthorhombic form is replaced by a pseudo-hexagonal form, analogous to that 

one typical of ethylene-propylene copolymers.44,45 It is worth adding that this crystallization 

behavior is particularly similar to that one observed for ethylene-styrene random copolymers, 

which present only the orthorhombic form in the unstretched state, while a very similar pseudo–

hexagonal form has been obtained by stretching of amorphous samples.43 

 

Stress-strain curves and tension set  

Typical stress-strain curves at deformation rate of 500mm/min (corresponding to a strain rate of 

10 min-1) of the considered br-PE are shown in Figure 7. The observed behavior can be easily 

rationalized with support of the structural information derived by the X-ray diffraction patterns 

under stretching of Figure 6. The amorphous samples (e.g. those of Figures 7A and 7B) present 

rather low and similar elastic moduli (E = 0.5 MPa). Amorphous samples that remain amorphous 

under stretching, only achieving a reversible orientation of the polymer chains in their 

amorphous phase (Figure 6A) are highly ductile (elongation at break higher than 2000% with 

stress at break close to 0.4 MPa). Amorphous samples that crystallize under stretching (Figure 

6B) exhibit a much higher strength associated with a reduced ductility (σB ≈ 1.3-1.5 MPa ; εB ≈ 
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1500%, Figure 7B). Of course, samples already crystalline in the unstretched state (Figure 6C) 

exhibit definitely higher elastic moduli (E = 2 MPa, Figure 7C). Correspondingly, a further 

increase of strength and reduction of ductility are observed (εB ≈ 1000% and σB ≈ 2.5 MPa, 

Figure 7C). 

 

Figure 7. Stress-strain curves at a strain rate of 10 min-1 for three branched polyethylene 

elastomers, with different amount of branching: (A) 80‰; (B) 68‰; (C) 49‰. 

  

For samples like those of Figure 7, a typical elastomeric behaviour is observed with a low initial 

modulus and a gradual increase in the slope of stress-strain curves and a large amount of 

immediate strain recovery after fracture.28,49,50 In agreement with a literature study on br-PE,28 

the transition from localized yielding typical of thermoplastics to uniform stretching typical of 

elastomers occurred at a degree of crystallinity close to 25%. 

A simple quantity suitable to evaluate elasticity of elastomers is the so-called tension set, i.e. the 

percent of residual increase of sample length (100x(Lf -Li)/Li), after 200% of elongation for 1 

min. Tension set values, as evaluated for most of the samples of br-PE of Table 1, are shown in 

Figure 8 versus the amount of chain branching. It is apparent that highest elasticity, i.e. minimum 
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values of tension set, are observed for samples that can reversibly crystallize under stretching 

(like that one of Figure 6B).  

Particularly interesting it is also a comparison with tension set data of ethene-propene random 

copolymers,41 also plotted in Figure 8. The data of Figure 8 clearly indicate, as Tm and ∆Hm data 

of Figure 2, that curves for br-PE with respect those of EP copolymers are shifted to much lower 

values of branching. 

 

Figure 8. Tension set values versus the amount of branching for branched PE’s (dark circles) 

and, for comparison, for ethylene-propene random copolymers (triangles). 

 

Conclusions 

We have re-examined the relationships between the mode of activation of a prototypical 

Brookhart Ni(II) catalyst and the resulting polyethylene structure. Detailed 13C NMR analysis of 

the branched polyethylene samples indicated that the polymers prepared under otherwise 
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identical conditions using AlEt2Cl instead of MAO as the co-catalyst have a higher content of 

long chain branches and of "branches on branches". Consequently, high molecular weight 

amorphous polyethylenes displaying excellent elastomeric properties could be produced under 

suitable conditions. The relationships between the microstructure and the crystallization behavior 

and the elasticity of the polymers were studied by DSC, X-ray diffraction and mechanical 

analyses. For these branched polyethylenes, as for ethylene copolymers, a transition from 

plastomeric toward elastomeric behaviour occurs as the branch concentration increases. The 

branch concentration leading to this transition is definitely lower than for ethylene-propylene 

copolymers while is similar to those observed for ethylene copolymers with bulkier 

comonomers. For instance, negligible crystallinity at room temperature is reached for branch 

content of 65‰ and 115‰, for br-PE and EP copolymers, respectively. Analogously, minimum 

values of tension set, i.e. best elastic response in the absence of covalent crosslinking, are 

observed for branch content of 65‰ and 115‰, for br-PE and EP copolymers, respectively. 

Hence, for br-PE, elastomeric properties are reached not only using only ethylene but also 

minimizing branch concentration. For ethylene based elastomeric materials, reduction of branch 

concentration implies two relevant advantages: i) reduction of glass transition temperature 

becoming closer to that one of polyethylene; ii) more efficient radical crosslinking with 

reduction of degradation reactions, typically associated with propene (and other 1-alkene) 

comonomeric units. 
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