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T
his investigation attempts to elucidate the copolymerization reaction ethylene

and allylbenzene via the homogeneous metallocene catalyst, Et(Ind)2ZrCl2 and

(nBuCp)2ZrCl2. The pendant benzyl groups of ethylene-allylbenzene copolymer

(EAB) are potentially ready for numerous chemical reactions, such as halogenation

and acylation, which can introduce functional groups at the side benzyl groups under

mild reaction condition. In this study, polyethylene-g-poly(methyl methacrylate) and

polyethylene-g-atactic polystyrene were synthesized by a heterogeneous atom trans-

fer radical polymerization (ATRP) using α-phenyl-chloroacetyl chloride modified

poly(ethylene-co-allylbenzene) (PCAEAB) as macroinitiator and copper chloride com-

bined with 2,2′-bipyridine as catalyst in a heterogeneous process. The macroinitiator

with 0.78 mol% chlorine content was prepared from Friedel-Crafts acylation reaction

of ethylene-allylbenzene copolymer (1.0 mol% allylbenzene content) with α-phenyl-

chloroacetyl chloride in a heterogeneous process. The structure of resultant polymers

was determined by 1H NMR and FTIR spectroscopies. In addition, the thermal prop-

erties of polymers were also investigated with differential scanning calorimetry (DSC).

Morphology of resultant polymers was investigated by SEM.

INTRODUCTION

Polyethylene (PE) and polypropy-

lene (PP) have been one of the most

useful polymers among polyolefins

because of an impact resistance,

chemical stability, thermal stability,

etc. However, a low degree of com-

patibility of such polymers with

other polymers, dyes, fillers and so

on has been the point at issue. The

lack of reactive groups in the poly-

olefins has limited their end use

applications. When the interaction

with other materials is important, a

modification of these polymers is

required [1]. Although side group-

functionalized polyolefins present

the most conceivable structure of

functionalized polyolefins, they
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have limitation in functional group concentration. The

higher concentration of the functional side group is

accompanied by greater loss of the desired properties

(such as melting point and crystallinity) of poly-

olefins. To achieve high functional group concentra-

tion, and yet retain the polyolefin properties simulta-

neously, it is necessary to synthesize functional poly-

olefins with a grafted structure [2]. The grafting of

other polymers to the polyolefins is one method of the

modification [1]. In an investigation carried out by

Jiang et al. on the preparation of polyolefin graft

copolymers, the transformation process was imple-

mented via the reactive polyolefins [3-5]. In other

words, the process involves the transition metal cata-

lysts copolymerization to produce polyolefin copoly-

mer containing reactive comonomer units, which can

be transformed to initiators for graft-from polymer-

ization. To be successful, the transformation reaction

must be effective and selective to produce the initia-

tion site only in the comonomer units of the polyolefin

backbone. In addition, the resulting polymeric initia-

tors must be sufficiently stable for the following graft-

from polymerization that is essential to prevent side

reactions, such as cross-linking and homopolymeriza-

tion [6]. Recently, the development of graft copoly-

mers by free radical process was made possible by the

discovery of several controlled living radical poly-

merization systems [7]. One of these systems is called

atom transfer radical polymerization (ATRP) [8-10].

By using functional polymers containing appropriate

alkyl halide along the backbone as a macroinitiator, it

is possible to obtain copolymers with a well-con-

trolled structure. ATRP catalyzed by transition metal

(such as copper, ruthenium, nickel, etc.) halide com-

plexes with 2,2′-bipyridine (bpy) derivatives for poly-

merization of various monomers, such as styrene,

methacrylates, acrylates, etc., has been developed in

our laboratory and other laboratories [11-13]. For

example, several polymers carrying halide groups

such as ethylene-propylene diene (EPDM) copolymer

[14], poly(vinyl chloride) (PVC) [15], poly(styrene-b-

ethylene-co-propylene) (SEP) copolymers [16], poly-

styrene [17], and polyethylene have been developed

and used in conjunction with copper bromide or cop-

per chloride to initiate the polymerization of styrene,

acrylates and methylacrylates via ATRP process.

Moreover, ethylene homopolymer and styrene-1-hex-

ene copolymer based metallocene catalysts, sPS-g-

aPS and sPS-g-PMMA also synthesized in our labora-

tory by combination of metallocene and ATRP [18-

20]. In contrast to sPS graft copolymers, there is a

limited report about the synthesis of side group func-

tionalized polyethylene through controlled living

polymerization. In this study, we used a novel route

containing a three-step approach to prepare polyethyl-

ene-g-poly(methyl methacrylate) and polyethylene-g-

atactic-polystyrene involving i) preparation of the

polyethylene containing allylbenzene through copoly-

merization of ethylene and allylbenzene which has an

methylene spacer between the vinyl and aromatic

ring, ii) subsequent selective α-phenyl-chloroacetyla-

tion reaction of poly(ethylene-co-allylbenzene) units

in the copolymer, and iii) the product was then used as

macroinitiator in the polymerization of styrene and

methyl methacrylate in the presence of copper chlo-

ride (CuCl) and 2,2′-bipyridine (bpy) were effective

to produce polymeric side chain (Scheme I).

EXPERIMENTAL

Materials

Ethylene was purified by passing it through columns

containing activated molecular sieves (4 Aº).

Et(Ind)2ZrCl2 and (nBuCp)2ZrCl2 were prepared

according to methods in the literature with some mod-

ifications. Zirconium tetrachloride (+98%; Merck)

was used without further purification. Butyllithium

(n-BuLi, reagent grade in hexane solution; Merck)

was used without further purification and titrated

before use. MAO was purchased from Aldrich as a

toluene solution (10 wt% aluminium, density of 

0.87 g/mL). Allylbenzene was analytical grade pur-

chased from Fluka was used as received. Styrene and

methyl methacrylate monomers (99%) were vacuum

distilled over CaH2 and stored under N2 at 0ºC.

Indene (90%, Merck) was purified by vacuum distil-

lation. Anhydrous aluminium chloride sublimed in

vacuum before use. Copper (I) chloride, 2,2′-bipyri-

dine, 2,2′-azoisobutyronitrile (AIBN) were used with-

out further purification. All solvents were provided by

Merck, and dried and deoxygenated according to

common procedures in the literature [21]. All opera-

tions were carried out with standard Schlenk and vac-
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uum techniques under a dry argon atmosphere.

Instruments
1H NMR Spectra were measured on a Brucker 400

MHz NMR spectrometer using 1,2,4-trichloroben-

zene and deuterated benzene as solvent at 110ºC. The

FTIR spectrum was measured using Shimadzu FTIR-

8101 M that cast on KBr. Thermal analysis was per-

formed using a TA instrument DSC-Mettler 4000. For

all samples, the following procedure was used: sam-

ples were heated at 150ºC for 2 min in order to elim-

inate the influence of thermal history and the effect of

heat treatment on the crystalline structure of the mate-

rials, then cooled down to 10ºC to record the crystal-

lization temperature, and then reheated to 150ºC, all at

a rate of 10ºC/min. Meanwhile the scanning electron

microscopy (SEM) image of gold-coated polymer

powders was recorded using Bruker Leo 440i.

Preparation of Catalysts

Bisindenyl ethane zirconium dichloride and bis(n-

butylcyclopentadienyl)zirconium dichloride was syn-

thesized by modification of the literature methods

[22-24]. A brief description of this method is as fol-

lows:

Preparation of rac-Ethylenebis(indenyl)zirconium
Dichloride 
1,2-Bisindenyl Ethane
Indene (6 mL, 46 mmol, 90% grade) was dissolved in

50 mL of dry THF under argon atmosphere. n-

Butyllithium (30 mL of 1.6 M solution in hexane) was

added dropwise to the solution over 30 min at -78ºC

with stirring. Then the mixture was warmed to room

temperature and stirred for additional 1 h. The solu-

tion was cooled to -78ºC and 1,2-dibromoethane (1.8

mL, 20.8 mmol) in 20 mL of THF was added drop-
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wise within 0.5 h over addition funnel. The resulting

purple solution was warmed slowly to room tempera-

ture and quenched at 0ºC by the addition of saturated

NH4Cl solution (50 mL). The two phase mixture was

diluted with petroleum ether (30-60) and the organic

layer was washed with water and dried over MgSO4,

filtered and concentrated in vacuum to provide an oily

solid. Crystallization from acetone and ethanol pro-

vided 4.5 g (76% yield) product.

Bisindenyl Ethane Zirconium Dichloride
A degassed solution of bisindenyl ethane (2.0 g, 7.74

mmol) in 80 mL of dry THF was treated with solution

of n-butyllithium in hexane (9.67 mL of 1.6 M) at 

-78ºC. The mixture was warmed to room temperature.

ZrCl4 (1.8 g, 7.74 mmol) was placed in a two-necked

flask under argon atmosphere, cooled to -78ºC and a

precooled THF was added dropwise via jacket drop-

ping funnel. After formation of ZrCl4/2THF adduct,

additional THF was added until the total volume

reached 80 mL. The contents of both flasks were

simultaneously added at the same rate to a third flask,

containing 50 mL of THF, by two cannular with vig-

orous stirring. After the addition was completed, the

orange-yellow solution was stirred overnight at room

temperature. Then the solution was cooled to 0ºC and

HCl gas passed through the mixture for about 50 s

with stirring. A bright canary yellow solution was

obtained. The solvent was concentrated in vacuum,

and then the precipitation of the complex was com-

pleted by addition of ether. The yellow precipitates

was quickly filtered and dried in vacuum. The yellow

powder was soxhlet by dichloromethane under argon

atmosphere for separation of pure compound from

LiCl, dried in vacuum and stored in a Schema tube

(50% yield). For removing the minor amount of its

meso isomer from the final product, washing of prod-

uct with hot toluene was performed.

Preparation of Bis(n-butylcyclopentadienyl)zirconi-
um Dichloride
Initially cyclopentadiene was prepared by the thermal

cracking of dicyclopentadiene. Sodium cyclopentadi-

enide was prepared by slow addition cyclopentadiene

(10 mL, 121 mmol) in 30 mL THF to the flask includ-

ing sodium sand (2.8 g, 121 mmol) coated with 50 mL

THF at -78ºC over 2 h. Then mixture warmed to room

temperature and stirred for additional 12 h. To a

stirred solution of Na[C5H5] in THF, butyl bromide

(13 mL, 121 mmol) was added over 2 h at -78ºC. Then

the mixture was warmed to room temperature and

stirred for additional 12 h. Addition of water (50 mL)

gave two layers; the THF layer was removed and

aqueous layer was extracted with Et2O several times

followed by fractional distillation of the residue gave

the product, n-butylcyclopentadiene (3 mL, 2.77 g).

To freshly cracked n-butylcyclopentadiene (3 mL) in

THF (30 mL), n-butyllithium (16 mL of 1.6 M solu-

tion in hexane) was slowly added over 1 h at -78ºC

with mechanical stirring and then stirred for further 

2 h at room temperature. ZrCl4 (2.56 g, 11 mmol) was

placed in a two-necked flask under argon atmosphere,

cooled to -78ºC and a precooled THF was added drop-

wise via jacket dropping funnel. After formation of

ZrCl4.2THF adduct, additional THF was added until

the total volume reached 80 mL. To this solution at

0ºC a solution of n-butylcyclopentadiene-lithium in

THF was added with stirring over 2 h. The mixture

was stirred for a further 12 h at room temperature and

then the THF was removed under vacuum. LiCl was

100% precipitated in Et2O/hexane (50/50 mL) solvent

reaction medium. The LiCl was filtered out, 40 mL of

hexane was added to the reaction mixture, and the

Et2O was stripped off at 40ºC. The hexane solution

was cooled to 0ºC and (nBuCp)2ZrCl2 was crystal-

lized. The product was filtered out and dried (58%

yield) to constant weight.  

Copolymerization of Ethylene and Allylbenzene
Copolymerization was performed in a 1 L buchi

Glasuster Bench scale connected to a constant tem-

perature circulators, equipped with a mechanical stir-

rer and inlets for argon and the monomer. The reactor

was initially purged with argon flow at 90ºC for 1 h

and then cooled to 30ºC. Toluene was charged under

an argon atmosphere into the reactor and then the tem-

perature was raised to the desired polymerization tem-

perature. After the toluene solution was saturated with

ethylene, a solution of prescribed amount zirconocene

catalyst and MAO in toluene (prepared by reaction at

room temperature for 30 min) was transferred to the

reactor. Immediately after allylbenzene was injected

into the reactor, the polymerization was started. After

certain stage of polymerization, the reaction mixture
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was precipitated in acidic methanol (acidic work-up),

and filtered. The filtered polymer was adequately

washed with plenty of methanol and dried in a vacu-

um at 60ºC for 24 h.

Preparation of Macroinitiator (PCAEAB)
Acetylation reaction was performed in a hetero-

geneous process. In a typical experiment, poly(ethyl-

ene-co-allylbenzene) (EAB, 1g) was suspended in

CS2 (40 mL) in a two-necked, round-bottom flask fit-

ted with a condenser and CaCl2 guard tube. The reac-

tion system was maintained at 20ºC and stirred vigor-

ously with a magnetic pellet. Then AlCl3 (2 g, 

15 mmol) was added rapidly. After the colour of the

mixture turned into orange-red, α-phenyl chloroacetyl

chloride (2.86 g, 15 mmol) was added through a drop-

ping funnel after it was diluted with CS2 (20 mL) the

reaction was conducted at 20ºC for 24 h and then ter-

minated by addition of ice water followed by concen-

trated hydrochloric acid. The polymer was filtered,

washed several times with distilled water and dried

under vacuum at 70ºC. The degree of acetylation

(defined as mole percentage of the allylbenzene units

acetylated) is 0.78 mol% as determinated by 1H NMR

spectrum. 

Preparation of PE-g-PMMA and PE-g-aPS
The ATRP copolymerization was carried out under

argon in a dried flask equipped with a magnetic stir-

ring bar. The flask was charged with anisole (20 mL),

CuCl (0.058 g, 0.58 mmol), bpy (0.15 g, 0.96 mmol),

styrene (4.5 mmol) or methyl methacrylate (46.66

mmol) and chloroacetylated poly(ethylene-co-allyl-

benzene) (0.2 g). After three freeze-pump-thaw

cycles, the glass reactor was under vacuum sealed and

the flask was immersed in an oil bath at 90ºC for

methyl methacrylate monomer for 24 h. In the case of

styrenic monomer, the above procedure was used

except reaction temperature of 120ºC. The reaction

mixture was precipitated in MeOH and washed com-

pletely with MeOH and dried under vacuum at room

temperature for 24 h. Cyclohexane is a good solvent

for aPS and MMA homopolymers. The PE graft

copolymer obtained was extracted with cyclohexane

at 30ºC for three times, to remove polystyrene and

poly(methyl methacrylate) homopolymers.

RESULTS AND DISCUSSION

Properties of Poly(ethylene-co-allylbenzene) by

Using Metallocene Catalysts 

Copolymerization of ethylene with allylbenzene was

carried out at 80ºC in toluene with rac-Et(Ind)2ZrCl2,

or (nBuCp)2ZrCl2 activated with MAO (Al/Zr =

1000). The conditions and the results of polymeriza-

tion processes are listed in Table 1.

Figure 1a illustrates the 1H NMR spectrum of

EAB obtained with rac-Et(Ind)2ZrCl2, containing

1.00 mol% allylbenzene. Besides the major chemical

shifts at 0.88-1.72 ppm, corresponding to methylene

and methine protons in the main chain, there is a

minor chemical shift around 2.57 ppm, corresponding

benzylic protons in the allylbenzene units. 1H NMR

Spectrum of the resulting ethylene-allylbenzene

copolymer did not show any peaks corresponding to

vinyl or vinylidene end groups. The allylbenzene con-

tent of the copolymers was determined based on the

349Iranian Polymer Journal / Volume 16 Number 5 (2007)
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Run 
Catalyst 

Allylbenzene  

concentration  (mol/L) 
Activity

b
 

Allylbenzene in  

 copolymer
c 
(mol%) 

1 Et (Ind)2ZrCl2 - 986.62 - 

2 Et (Ind)2ZrCl2 0.15 175.58 1 

3 (nBucp)2ZrCl2 - 824.30 - 

4 
(nBucp)2ZrCl2 

0.15 242.44 0.5 

Table 1. Results of the ethylene-allylbenzene copolymerization with two metallocene catalystsa.

(a) Polymerization conditions: amount of catalyst= 2.25×10-5 mol, Al/Zr = 1000, ethylene pressure= 5 bar,

solvent = toluene, volume of total solution =400 mL, temperature = 80ºC, polymerization time = 0.5 h. (b)

ctivity = kg polymer per mol Zr per h per 5 bar. (c) Calculated by 1H NMR.



intensity of the benzylic proton (γ= 2.57 ppm) and

methylene and methine protons (γ= 0.88-1.72 ppm) in

the 1H NMR spectrum. Among the two catalysts stud-

ied, rac-Et(Ind)2ZrCl2 produced the copolymer con-

taining the higher amount of allylbenzene units 

(1 mol%; Figure 1a) in the same reaction condition

(run 2 and 4 in Table 1). Thus we used the obtained

copolymer in the following stages of our study.

The increase of comonomer concentration in the

reaction medium seems not to influence greatly the

copolymerization catalytic activity for the lower allyl-

benzene concentrations. However, at higher concen-

tration of the allylbenzene, the proximity of the aro-

matic ring, closer to the olefinic bond, is thus respon-

sible for decrease of the activity in the case of two cat-

alyst systems. Figure 2 shows trends of homopoly-

merization and copolymerization activity of rac-

Et(Ind)2ZrCl2 and (nBuCp)2ZrCl2 homogeneous sys-

tem obtained with different allylbenzene concentra-

tions. The bridging unit of ansa-bisindenyl ethane zir-
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Figure 1. 1H NMR Spectra of: (a) EAB, (b) PCAEAB, and (c) PE-g-PMMA.



Figure 2. Effect of allylbenzene concentrations on catalytic

activity for two zirconocene catalysts.

conium dichloride complex has an important influ-

ence on the catalytic properties of this complex.

Among the investigated catalysts, rac-

Et(Ind)2ZrCl2 activity was high in the homopolymer-

ization and lower allylbenzene concentrations and fol-

lowed by higher decrease activity than that of the (n-

BuCp)2ZrCl2 analogue under same reaction condi-

tion. This could indicate that the polymerization activ-

ity is affected by accessibility of the metal centre by

the comonomer. The bridge catalyst with the spatially

opened active sites is more favourable than the non-

bridge catalyst. 

In order to understand the link between allylben-

zene incorporate and melting point in EAB copoly-

mer, we are beginning to investigate the thermal 

behaviour of ethylene homopolymer and ethylene-

allylbenzene copolymers by means of DSC. In this

study, all samples were heated to 150ºC and kept at

this temperature for 2 min, then cooled at a rate of

10ºC min-1 to the start temperature and then reheated

to 150ºC. The heating curves (Figure 3) and cooling

curves (Figure 4) of (a) PE and (b) EAB with 1.00

mol% allylbenzene content were recorded. The melt-

ing point (Tm) and the crystallization temperature (Tc)

were recorded from the heating and cooling scans of

the sample, respectively. 

The experimental results (Table 2) clearly show 

Figure 3. DSC Scans giving Tm for (a) neat PE, (b) EAB, (c)

PCAEAB, (d) PE-g-PMMA, and (e) PE-g-aPS.

that a small amount of allylbenzene comonomer

incorporation (about 1.00 mol%)  significantly affects 

the melting point of polyethylene (Tm from 132.38ºC

to 126.55ºC). Table 2 lists the thermal data for each of 

Figure 4. DSC Cooling curves giving Tc for (a) neat PE, (b)

EAB, (c) PCAEAB, (d) PE-g-PMMA, and (e) PE-g-aPS.
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Table 2. Thermal properties of virgin PE and samples after

reaction.

(a) The crystallinity of the sample, Xc, is determined by the equation:

Xc =(ΔHf/ΔHf
º)×100, where ΔHf is the melting enthalpy of the sam-

ple and ΔHf
º is the melting enthalpy of 100% crystalline PE (ΔHf

º =

292 J/g [26]). (b) The crystallization temperature (Tc) is determined

from DSC cooling scans from melt at 150ºC at a cooling rate of

10ºC/min.

the samples shown in Figures 3 and 4.

Properties of Poly(ethylene-co-allylbenzene)-g-

atactic Polystyrene and Poly(methyl methacrylate)

Organic halides (R-X) efficiently initiate atom transfer

free radical polymerization (ATRP) in the presence of

certain transition metal complexes, Mt
n [17]. In this

polymerization, dormant polymer halide, R-

(monomer)n-x, is repeatedly activated by the transi-

tion metal compound to produce the growing radical,

R-(monomer)ºn, and the oxidized transition metal

species, Mt
n+1. The equilibrium between dormant and

growing species is fast and reversible. The low con-

centrations of radicals minimize termination relative

to propagation rate, and a controlled/living polymer-

ization is achieved. In this work, partially halogenated

poly(ethylene-co-allylbenzene) as an organic halide

initiator was synthesized in a new method. Friedel-

Crafts acylation reactions are aromatic substitution

reactions in which benzene (or substituted benzene)

undergoes acylation when treated with carboxylic acid

derivatives (usually acyl halide, anhydride or amides)

and a Lewis acid catalyst such as AlCl3 [25]. In this

study, Friedel-Crafts acylation reaction was used to

prepare slightly acylated PE macroinitiator

(PCAEAB) using α-phenyl-chloroacetyl chloride as

an acetylating agent in a heterogeneous process. 

However, conducting the acylation reaction in a solu-

tion state proved to be difficult, since EAB only dis-

Figure 5. FTIR Spectra of: (a) neat PE, (b) EAB, (c)

PCAEAB, (d) PE-g-PMMA, and (e) PE-g-aPS.

solves in some high-boiling solvents. It is well-known

that high temperature will have opposite influence on

the Friedel-Crafts reaction procedure. Thus, in the het-

erogeneous EAB functionalization experiments, pow-

der EAB was treated with a small amount of α-

phenyl-chloroacetyl chloride, i.e., the acylation level

is low. The final product of acetylating reaction is an

aromatic ketone. The acylated polymer was confirmed

using both FTIR and 1H NMR spectroscopies. The

most prominent bands for confirming acylation on

EAB is observed at 1712 cm-1 (Figure 5b) and can be

attributed to the stretching vibration of carbonyl

group. Further evidence of EAB acylation was gained

by observing the intensity of the band at about 

3025 cm-1, due to C-H aromatic stretching band,

whereas because of a less incorporated of allylbenzene

Iranian Polymer Journal / Volume 16 Number 5 (2007)352
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Sample Tm(ºC) Xc(%)
a
 Tc(ºC)

b
 

PE 132.38 60.54 116.25 

EAB 126.55 60.04 115.12 

PCAEAB 117.39 15.58 106.82 

PE-g-PMMA 116.73 10.85 104.46 

PE-g-aPS     112.76 9.68 101.25 

 



this band absence in pure poly(ethylene-co-allylben-

zene) (Figure 5a). 
1H NMR Spectroscopy was also employed to con-

firm acylation of the aromatic rings of EAB. Figure

1b shows the 1H NMR spectra of (PCAEAB) with the

degree of acylation of 0.78 mol%. After acetylation, a

new peak at about 3.81 ppm, due to methine (CH)

protons of -COCHClPh moiety, is observed. FTIR

and NMR data confirmed that Friedel-Crafs acylation

has indeed occurred. The main product of Friedel-

Crafts reaction is acylated EAB rather than alkylated

EAB. The degree of acetylation (DA) of partially α-

phenyl-chloroacetylated poly(ethylene-co-allylben-

zene)  was calculated by 1H NMR, using the intensi-

ty of aliphatic protons including methine protons of

α-phenyl-chloroacetylated group in copolymer (x)

and benzylic protons of poly(ethylene-co-allylben-

zene) (y).

DA can be calculated by eqn (1):

2x+2y = m                                                          (1)

x = n

DA = 0.78%

where m is the intensity of benzylic protons and n is

the intensity of methine protons of α-phenyl-

chloroacetyl group in copolymer. According to 1H

NMR spectrum (Figure 1c), it is possible to calculate

DA via the following simple eqn (2):

DA = 2n/m = 0.78%                                            (2)

Additional evidence on the effectiveness of the α-

phenyl-chloroacetylated reaction onto poly(ethylene-

co-allylbenzene) was also obtained from DSC data

(Figure 3c). The melting point (Tm) and crystalliza-

tion temperature (Tc) and degree of crystallinity (Xc)

of acetylated copolymer are as expected, because of

the large size of the substituent group highly decrease

with acetylation (Table 2, Figures 3c and 4c). The

degree of crystallinity (Xc) of samples was deter-

mined by measuring the enthalpic changes at melting.

In this study, α-phenyl-chloroacetylated copoly-

mer was as an organic halide initiator in the presence

of CuCl combined with the ligand bpy as catalyst to

graft methyl methacrylate (MMA) and atactic poly-

styrene (aPS). The overall procedure is summarized

in Scheme I. As mentioned previously, α-haloketones

are among the best initiators for the ATRP of styrene.

The stronger electron-withdrawing power of ketone's

carbonyl induces further polarization of the carbon-

halogen bond, which leads to fast initiation. In this

regard, α-phenyl-chloroacetylated poly(ethylene-co-

allylbenzene) (PCAEAB) is a more efficient initiator

for the ATRP of methyl methacrylate and styrene. The

graft copolymers of St and MMA were analyzed by

DSC, FTIR and 1H NMR spectroscopies. In FTIR

spectroscopy, the spectrum of the PE-g-aPS (Figure

5c) displays an enhanced absorbance band (1600 

cm-1) which is related to the phenyl carbon-carbon

double bond of the styrene units in the polystyrene

side chains. The characteristic absorption peak at

1730 cm-1 can be attributed to the carbonyl groups of

the PMMA segments of PE-g-PMMA (Figure 5d).

The structure of PE-g-PMMA was further confirmed

with 1H NMR spectroscopy as shown in Figure 1c. 

(a)

(b)

Figure 6. SEM Images of: (a) neat EAB, and (b) PE-g-aPS.
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Besides the PCAEAB resonances, there is a new

resonance with chemical shift of about 3.59 ppm,

which is assigned to OCH3 protons in PMMA seg-

ments. Additional evidence on the effectiveness of the

graft copolymerizations was also obtained from the

DSC data (Table 2). The DSC curve of the graft

copolymers was shown in Figures 3d and 3e. The

grafted copolymer studied in this work consists of

crystalline PE backbone carrying amorphous aPS and

PMMA. The presence of the graft segments should

affect the melting behaviour of the PE backbone. The

random incorporation of non-crystallizable monomer

units into the backbone of a crystalline polymer has a

marked effect on the thermodynamics and kinetics of

crystallization [20]. PE-g-PMMA and PE-g-aPS

showed lower melting temperatures (116.73ºC and

114.24ºC, respectively) than that of copolymer

(126.55ºC). Indeed a substantial decreasing the

degree of crystallinity was observed (Table 2). The

crystallization temperature (Tc) was recorded from

the cooling scans of samples (Figures 4d and 4e). The

morphology of the ethylene-allylbenzene copolymer

and polyethylene-g-atactic polystyrene were exam-

ined by SEM. According to Figures 6a and 6b,  the

SEM micrographs of PE-g-aPS exhibit wire-like

regions, indicating grafted polystyrene on the poly-

ethylene surface. 

CONCLUSION

This study discusses the homogeneous copolymeriza-

tion reaction of ethylene and allylbenzene with two

different metallocene catalysts, rac-Et(Ind)2ZrCl2
and (nBuCp)2ZrCl2. Under a similar reaction condi-

tion, allylbenzene incorporation is consistently higher

for rac-Et(Ind)2ZrCl2. We used poly(ethylene-co-

allylbenzene) obtained with rac-Et(Ind)2ZrCl2 as a

very useful intermediate for synthesis of PE graft aPS

and PMMA, by ATRP in a new and efficient method.

Using the α-phenyl-chloroacetylation reaction of

poly(ethylene-co-allylbenzene), and the subsequent

radical graft-from polymerization polyethylene-g-

atactic polystyrene and poly(methyl methacrylate)

could be prepared in a heterogeneous system. The fol-

lowing Friedel-Crafts acylation reaction of allylben-

zene units in the EAB and ATRP mechanism for graft-

ing was supported by 1H NMR and FTIR and more

efficiently by DSC analysis. The SEM micrograph of

obtained copolymer confirms the grafting of poly-

styrene on the polyethylene surface. These methods

of preparation of PE graft copolymer are also attrac-

tive because of the relatively wide scope of monomers

that can be employed, the stability of the catalyst, the

simple polymerization procedure.
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