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Synthesis of EPDM-g-PMMA through atom transfer radical
polymerization
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Abstract

A new method to prepare the graft copolymers that have an ethylene-propylene-diene terpolymer (EPDM) rubber backbone and
poly(methyl methacrylate) (PMMA) branches was described. Firstly, the brominated EPDM (EPDM-Br) was produced by the reaction
between the EPDM and N-bromosuccinimide(NBS), then the EPDM-g-PMMA was created by the ATRP of MMA initiated by EPDM-Br in
the presence of CuBr/bpy at ¥ The study shows that the free radical transfer grafting polymerization does not existed in the ATRP of
MMA initiated by allyl bromide/CuBr/bpy in the presence of pure EPDM. The propagation of the PMMA graft chains are in situ initiated by
EPDM radicals which is created through the reaction between the EPDM-Br and CuBr. Moreover, the reaction conditions, such as solvent,
reaction time, molar ratio of EPDM-Br : CuBr : bpy, were examined. The maximum graft efficiency(93%) was obtainé@ &ir%D h,
when the ratio of EPDM-Br : CuBr : bpy was 1: 0.8 : 2.4. The graft copolymers were characterized by solvent extraction, tRNafid H
spectra technique® 1999 Elsevier Science Ltd. All rights reserved.
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1. Introduction number of monomers capable of reaction. So the EPDM
graft copolymers with well-controlled structure can be
The graft copolymer of the ethylene-propylene-diene easily synthesized through controlled radical polymeriza-
terpolymer (EPDM)with the second polymer containing tion.
functional groups, such as PMMA, could dramatically Some transition metal species complex by suitable
increase the interaction of EPDM to a broad range of mate- ligand(s), M/L,, e.g., CuX (X = Cl, Br)/2,2'-bipyridi-
rials. The graft copolymer could be used as compatibilizers ne(bpy), in conjunction with suitable alkyl halide, R-X
for polymer blends and composites. (X = Cl and Br), can efficiently initiate the Atom Transfer
Earlier attempts to prepare the EPDM graft polymers by Radical Polymerization (ATRP) of a large variety of olefins,
free radical [1,2] or radiation [3-5] “graft-from” [6] as well  e.g., styrene(St), methyl methacrylate (MMA) and metha-
as “graft-onto” [7] methods have always resulted in ill- crylate (MA). ATRP has been considered as a controlled
defined products as a result of gel formation, backbone free radical polymerization. For example, the R-CI/CuCl/
degradation, or simultaneous formation of homopolymer. bpy system initiates the ATRP of styrene by the following
Cationic pathway has been used to get graft copolymer mechanism [9].
with well-controlled structure [8]. Besides the stringent By extension of this mechanism, various graft copoly-
conditions required for cationic polymerization, e.g., mers have been accomplished using suitable brominated
complete absence of water, the major draw back to the polymer initiators (Polymer-Br) [10,11].
system is the limited scope of monomers. So this method In order to get EPDM-g-PMMA, the EPDM backbone
can not be used in the synthesis of the EPDM-g-PMMA. In is brominated with N-bromosuccinimide (NBS) to intro-
contrast, the controlled free radical polymerization is duce allyl bromine on the backbone and then the bromi-
combination of the ease of polymerization and the large nated backbone (EPDM-Br) is used in conjunction with
CuBr/bpy to initiate the polymerization of MMA. Fig. 3
* Corresponding author. Tel.: + (021)-64253018; fax: + (021)- summarizes the principle stages of our study in this
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R-Cl + CuCl z—> Re+CuCl, graft copolymers. The content of bromine in the EPDM-Br
% St l St was analyzed by oxygen-bomb method.
R-St-Cl + CuCl —> R-Ste + CuCl, 2.3. Graft-from reaction

The graft polymerization was carried out in a previously
dried glass tube equipped with a magnetic stirring bar under

R-(St);St-Cl + CuCl R-(St),-Ste + CuCl,

W Ar. A typical experiment of the polymerization is given
Kp below: The EPDM-Br and solvent were put into the glass

tube. After complete soluble, the CuBr, bpy and MMA were

added. Then the reaction system was bubbled by Ar for
) 20 min. Finally, the mixture was stirred at @under Ar.

2. Experimental After the heating was stopped, the reaction mixture was
precipitated into methanol containing small amount HCI,

and the precipitate were dried at°@0for 8 h.

Fig. 1. The Mechanism of ATRP.

2.1. Instrument and materials

All *H-NMR were recorded on a JEOL FX-90Q spectro-
photometer. Infrared (IR) spectra were recorded on a Nico-
let Magna-IR 550 spectrophotometer. Molecular weight and 3. Results and discussion
molecular weight distribution were measured using Waters
150C-ALC/GPC with Waters Styragel HT,, Styrage® 3.1. Characterization of the graft copolymer
HT, columns. The -calibrated molecular weight was

obtained by using a correction factor(0.56) with polystyrene  Isolation of the Graft Copolymer: The final product of the
standards. ATRP grafting polymerization may consist of ungrafted

A commercial EPDM rubber, Vistollon 2727, was EPDM, EPDM-g-PMMA and PMMA homopolymer. The
obtained from Exxon Chemical Company. The rubber was ungrafted EPDM and PMMA homopolymer can be sepa-
purified by the solution-precipitation process using toluene rated from crude product by extraction using hexane and
as solvent and acetone as precipitant. NBS was receiveddcetone, respectively. The hexane soluble fraction is almost
from WuLian Chem. Factory, China. Methyl methylacrylate identical with pure EPDM. However, the acetone soluble
was vacuum distilled from CaHbefore polymerization.  fraction usually contains both PMMA and EPDM with
CuBr were purified according to the published procedure significantly high PMMA content [6]. In our experiment,

[12]. 2,2"-bipydridyl (bpy) were recrystallised from acetone. there is almost no weight loss, when the product was
Allyl bromide was obtained from the Xing Hua Living extracted by hexane, which means all EPDM backbones

Material Institute, and used as received. are connected with the PMMA branch chain. However,
the weight loss were observed, when the products were
2.2. Allylic bromination of EPDM extracted using acetone, suggesting the homopolymer

(PMMA) might be produced. The weights of the acetone
Ten grams of the EPDM rubber was dissolved in 500 ml soluble fractions of final products, which were varied under
CCl,. The bromination was carried out by adding 0.45 g different conditions, were summarized in the tables below.
(2.5 mmol) NBS and 0.06 g (0.36 mmol) AIBN to the solu- IR spectra of polymers: IR spectra of the films of the pure
tion. After reflux at 90C for 1.5 h, the reaction system was EPDM and isolated EPDM-g-PMMA cast from tetrahydro-
cooled, filtered and then precipitated by methanol. The furan (THF) solutions are shown in Fig. 4. The spectrum of
resulted product was dried in a vacuum oven &G66or the isolated graft copolymer shows an absorption band at
20 h, and used for graft-from reaction to prepare the EPDM 1730 cm* which is a characteristic peak of the € O

Table 1
The results of the ATRP of MMA initiated by allyl bromide : CuBr: bpy1 : 1 : 3 with or without EPDM
No. EPDM/g Solvents Conv.(%) Graft ratios(%) MW of PMMA®

M, x 107 MM,
1 0 / 97 / 1.68 1.55
2 0 xylene 20 / 1.82 1.31
3 0.5 xylene 67 0 1.86 1.28
4 0.5 THF 63 0 1.36 1.16

2MMA: 8 ml solvent: 25 ml reaction temperature: *@reaction time: 8 h.
P Graft ratio= [(weight of acetone insoluble fraction in the final produet)the weight of feeding EPDM)]/(weight of feeding EPDM)
¢ Acetone soluble fraction of the final product.
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<— > Polymere + CuBr,*

l MMA

<~ Polymer-MMAe + CuBr,

Polymer-(MMA) n-MMA-Br + CuBr === Polymer-(MMA) rMMA# +CuBr2

Kp

Fig. 2. The Mechanism of Graft Copolymerization through ATRP.

Table 2

The comparison of the Polymerization of MMA in EPDM-Br/CuBr/bpy and EPDM/CuBr/bpy sysfems

No. Initiating System Solvent Time/hr Total weight of the final Weight of fractior?
product/g
EPDM-Br / —Br:CuBr:bpy soluble insoluble
EPDM/g g g
1 0.5/0 1:1:3 THF 20 2.122 1.710 0.412
2 0/0.5 0:1:3 THF 8 4.156 3.736 0.420
3 0.5/0 1:1:3 xylene 20 0.556 0.006 0.550
4 0/0.5 0:1:3 xylene 20 0.500 0 0.500
5 0.5/0 1:1:3 hexane 20 0.546 0.011 0.535

#Reaction temperature: 80, MMA: 8 ml, solvent:25 ml.
® The final products were extracted using acetone.
¢ Br: the total number of Br in feeding EPDM.

present in PMMA. It indicates that the PMMA is grafted to initiators, such as benzoyl peroxide and 2,2’-azobisisobutyro-

the EPDM.

NMR spectra of polymers: Th&H-NMR spectra of the
isolated graft copolymers show a peak at 3.6 ppm (Fig.
which is the characteristic peak of OGHt is also indicates

nitrile, and then they are transferred to the EPDM backbones
to form the PMMA grafting chains.

5), However, the radical centers in ATRP are produced by
the reaction between the R-X and CuX and are controlled by

that the PMMA is grafted onto the EPDM. Moreover, the the reversible equillium of the Cu(l)/Cu(ll) redox process as
spectra show that the longer reaction time, the higher described in Fig. 1. Therefore, the radical transfer reaction

content of PMMA in the graft copolymer.

3.2. The possibility grafting through free radical transfer

The EPDM graft copolymers are usually obtained
through the free radical polymerization of the vinyl mono-
mers in the presence of EPDM [1,2], in which the radical

centers are produced by the thermal decomposition

Table 3
Effect of —Br : CuBr : bpy ratio on the ATRP graft copolymerization

No. —BP:CuBr:bpy Total weight of the Weight of fractiorf
final products/g

soluble/g insoluble/g

1 1: 08: 24 0.5226 0.0016 0.5250
2 1:1:3 0.5560 0.0060 0.5500
3 1:15:45 0.6060 0.0210 0.5850

2 EPDM-Br:0.5g, MMA:8 ml, xylene:25 ml, reac. temp.@reac. time:
20 h.

P Br: the total number of Br in the feeding EPDM-Br.

¢ The final products were extracted using acetone.

was retarded. Therefore, little EPDM-g-PMMA graft copo-
lymer would be produced through the radical transfer graft-
ing mechanism during the polymerization of MMA with
allyl bromide/CuX/bpy in the presence of EPDM.

Table 1 shows the ATRP of MMA initiated by allyl
bromide : CuBr: bpy=1:1: 3 in thebulk or in solution.
In the experiments No. 1 and 2, the ATRP of MMA were

of
Table 4
The effect of reaction time on the grafting reacfion
No. Reac. time/hr Weight of fractién
soluble/g insoluble/g
1 20 0.0060 0.5500
2 30 0.0334 0.6426
3 40 0.7056 /

®EPCM-Br:0.5g, EPDM-Br: CuBr:Bpy= 1:1:3, MMA: 8ml,
xylene: 25 ml, reac. Temp.: 90.

® The final product was extracted using acetone.

¢ All of the final product dispersed in the acetone solution.



4518 Xiao-song Wang et al. / Polymer 40 (1999) 4515-4520

DN T e N formed. Phase separation was observed in the reaction
systems with EPDM, when the stirring was stopped after
@ reaction. The upper layer with green color was the solution
N\ of PMMA and the lower layer with yellow color was the
CH—c1l, solution of EPDM. It was caused by the different polarity of
AIBNans the PMMA homopolymer and the EPDM, they are not
compatible without compatible agent, such as EPDM-g-
SIS T TS PMMA.
% The results discussed above indicate that the radical
_ centers of the ATRP do not transfer to the EPDM backbone,
\\(,”m N which is different to the conventional radical grafting poly-
i T 2 merization. The result may be caused by the lower radical
CUBF/bpyl MMA B concentration during the ATRP process [8] or the radical
centers coordinated by the translation metal [13].

SNl T TN
@ 3.3. Initiating capability of EPDM-Br for the graft-from

polymerization

o T”Z When the EPDM-Br was used as a macroinitiator, the
PMMA allyl bromine in the EPDM-Br would in situ react with

CuBr/ bpy to produce polymeric radicals which could initi-

ate the polymerization of MMA to form the graft PMMA

chains as described in Fig. 2. Itis the essential for graft-from
initiated by allyl bromide/CuBr/bpy without adding EPDM.  polymerization.

The pure EPDM was fed in the eXperimentS of Nos. 3 and 4 To examine the |n|t|at|ng Capabmty of EPDM-Br, the

(Table 1) in order to examine the possibility of the free ATRP of MMA were carried out in the EPDM-Br/CuBr/
radical transfer grafting polymerization in ATRP. bpy systems (Nos. 3 and 5 in Table 2) in comparison with
As shown in Table 1, there are no graft copolymers the polymerization of MMA in EPDM/ CuBr/ bpy (Nos. 2
produced in these systems. THé-NMR spectrum of the  and 4 in Table 2). When the EPDM was chosen instead of
acetone insoluble fraction of the final products of No. 3 in  EppM-Br, the polymerization system (EPDM/CuBr/bpy)
Table 1 is identical with the spectrum of pure EPDM. It \was absence of any initiator for ATRP. The results were

further proved that no graft copolymer produced during shown in Table 2.

the graft copolymerization. As evidenced by lower yield recovered after a definite
Moreover, the phenomenon during the polymerizations of reaction time, the reaction rate of the system with EPDM-

Nos. 3 and 4 in Table 1 also suggested no EPDM-g-PMMA By (No. 1 in Table 2) is slower than that of the system with

W
(.

Fig. 3. The process of the Synthesis of EPDM-g-PMMA.
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Fig. 4. IR Spectra of the Pure EPDM and EPDM-g-PMMA (1. Pure EPDM, 2. EPDM-g-PMMA).
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Fig. 5. "H-NMR Spectra of the Pure EPDM and Isolated EPDM-g-PMMA (Spectral conditions: solvent;G€tiperature Z&, frequency 90 MHz. (1).
Pure EPDM, (2). EPDM-g-PMMA after reaction for 7 h, 3. EPDM-g-PMMA after reaction for 20 h).

EPDM (No. 2 in Table 2) in the solvent of THF. It suggests 3.4. The effect of the molar ratio of —Br : CuBr : bpy on the
that the free radical concentration in system with EPDM-Br graft from reaction
is lower than that in system with pure EPDM, because the
polymeric radical centers are controlled by the reversible  As shown in Table 3, when the molar ratio of CuBr rela-
equilibrium of the Cu(l)/Cu(ll) redox process in the tive to —Br (total number of Br in the feeding EPDM-Br) is
EPDM-Br system (Fig. 2). On the contrary, the radicals increased, the weight of final product increased, and more
were produced by thermal initiating and were uncontrolled homopolymer (as evidenced by the increasing of the weight
in the system with EPDM, which lead to higher concentra- of acetone soluble fraction in Table 3) is produced. It indi-
tion of free radical centers and more homopolymer obtained cates that the reaction rate is accelerated and there is simul-
(evidenced by higher weight of acetone soluble fraction, No. taneously a drop in the graft ratio owing to the higher
2 in Table 2). concentration of free radical. It might be caused by the
When the xylene was chosen as solvent instead of THF, higher concentration of [C{ in the Cu(l)/Cu(ll) redox
there was no polymer produced in the EPDM/CuBr/bpy system which shifts the equilibrium from the dormant
system (No. 4 in Table 2), which suggests the thermal initi- species towards the active species (Fig. 2), and leading to
ating is not occurred. It is different to the polymerization in the poor control of the radical active species.
the similar system in THF (No. 2 in Table 2), the reason will Although NBS is an excellent allylic bromination agent,
be researched further. However, the comparable reactionthe side reaction cannot be avoided completely. For exam-
system with EPDM-Br(No. 3 in Table 2) produced the ple, the agent would attack the double bond or substitute in
graft copolymer, which exactly proofed capability of the other positions except allylic position [14,15]. Thus the
EPDM-Br to initiate the ATRP graft-from polymerization.  allylic bromination efficiency is usually about 90%. This
Among the solvents, such as THF, xylene and hexane, means that when the feeding ratio of —Br: CuBr is 1: 1,
used for the ATRP of MMA initiated by EPDM-Br, the graft  the molar ratio of allylic Br : CuBr is smaller than 1 : 1. This
efficiency is the highest in xylene. It is evidenced by the is why the grafting efficiency was the highest (as evidenced
lowest weight of acetone fraction offinal products (Table 2). by the smallest weight of acetone-soluble fraction), when
It suggests that xylene is a suitable solvent for the grafting the feeding Br : CuBr : Bpyis 1 : 0.8 : 2.4 in which the radi-
polymerization. cal center is better controlled.
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3.5. The effect of reaction time

The effect of reaction time on the grafting copolymeriza-
tion is shown in Table 4. The grafting copolymerization was
carried out in xylene at 9€ with constant concentrations of
EPDM-Br and CuBr/bpy. It was found that the grafting ratio
increased, which is reflected by the increasing of the weight
of acetone-insoluble fraction with extending the reaction
time owing to the higher monomer conversion. When the
final product obtained after 40 h extracted using acetone, the
product all dispersed in acetone and the acetone solution
become turbid. It suggests that longer PMMA chain formed,
because of the limited grafting spots (the number of allyl Br
in EPDM-Br) and the absence of transfer reaction as
discussed above.

In conclusion, the EPDM-g-MMA has been synthesized
though ATRP initiated by allylic brominated EPDM-Br. It
provides a new way to synthesize graft copolymers with
well-controlled structure.
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