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Summary 

A study on the solution grafting of monoethylmaleate onto a saturated 
ethylene-propylene rubber was conducted. The grafting degree was followed 
by titration methods as function of the time of reaction and amount of 
initiator. The insertion of unsaturated molecules always led to some 
degradation of the polymeric backbone. The subsequent cyclization 
reaction of grafted monoethylmaleate to maleic anhydride was also studied 
by Fourier Transform Infrared Spectroscopy either in bulk or in solution. 
A different behaviour was found in the two cases; furthermore, a 
different mechanism of reaction led to different amounts of inter- and 
intra-chain anhydride formation. 

INTRODUCTION 

Fu~ctionalization of polyolefins can be accomplished by grafting suitable 
unsaturated molecules bearing a functional group of interest through 
radical reactions initiated by organic peroxides (1-5). Polyolefins 
modified by insertion of polar groups have been prepared to promove 
properties as adhesion to metals, dyability, cross-linking, or other 
physico-chemical characteristics. The polyolefins so modified can be used 
as starting materials for the preparation of graft copolymers. Such 
copolymers have been extensively used as interfacial agents in blends of 
two incompatible polymers (6-10). For example, the presence of 
EPR-g-Succinic Anhydride (EPR-g-SA) in blends of EPR and polyamide 6 led 
to a large improvement in the mechanical properties and in the 
morphological appearance of the blend, mainly attributable to the 
formation of (EPR-g-SA)-g-PA6 copolymer molecules (9,11). Another method 
to achieve similar results is to add EPR-g-SA in the course of the 
hydrolitic polymerization of caprolactam. 
The preparation of EPR-g-SA is normally carried on by solution grafting 
of EPR with maleic anhydride using peroxides as initiators. Such process 
is not convenient for industrial preparations, where bulk or aqueous 
suspension processes are preferred. Unfortunately, maleic anhydride is 
very corrosive in normal extruders, and in aqueous suspensions this 
molecule leads to the less reactive maleic acid. A convenient monomer 
which in principle can be grafted in suspension is monoethylmaleate 
(MEM); it can, upon grafting, be converted to the cyclic form of 
anhydride by simple heating (12). 
In this paper we deal with a preliminary study on the functionalization 
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by solution method of the EPR by the insertion of monoethylmaleate, to 
give an EPR grafted with monoethylsuccinate groups (EPR-g-MES). The 
functionalized EPRs have been characterized by IR and viscosimetric 
techniques. Furthermore, the cyclization process of monoethylsuccinate 
groups grafted onto EPR to anhydride has been investigated either in 
solution or in bulk at high temperatures by IR spectroscopy. 

EXPERIMENTAL 

Materials 

EPR was a random ~thylene-propylene copolymer, kindly supplied by Dutral 
S.p.A., Mw = 1.8xi0 ; Melt flow index (100~ = 40 g/min. 
Dibenzoylperoxide was recristallized from absolute ethanol and stored 
under vacuum. 
Maleic anhydride, a Fluka reagent analytical grade, was used without 
further purification. 
All the solvents were of analytical grade and were purified according to 
standard procedures when necessary. 

Techniques 

Titrations were carried out by a Metrohm AG-CH-PI00 Herlsau potentiometer 
equipped with a processor for the analysis of the collected data. An 
Ag/AgCI electrode in a saturated solution of LiCI in isopropanol was used 
as reference electrode. 
The IR spectra were obtained with a Nicolet 5DXB FTIR apparatus, equipped 
with a control temperature cell which allows scans of temperature from 
-200 to 250~ (SPECAC 20-100). 
The viscosity measurements were performed at 135"C by a Cannon-Ubbelhode 
vlscosimeter. Concentrations of I00 mg/10cc in tetrahydronaphtalene were 
used. 

Monoesterification reaction of maleic anhydride 

In a flask equipped with nitrogen inlet 10g of MA were added to 50 mL of 
absolute ethanol under stirring at room temperature (molar excess EtOH/MA 
= I0/I). Anhydride reacts completely with alcohol to give 
monoethylmaleate, which is soluble in ethanol. The excess of ethanol is 
removed by rotovapor and the product is purified by dissolution in 
benzene and filtration to remove by-products like dicarboxylic acid. The 
benzene was finally removed under vacuum at room temperature. 

Typical grafting reaction 

In a flask equipped with a nitrogen inlet and a condenser 5.0g of EPR 
were dissolved in 100 mL of chlorobenzene (CB) at room temperature. When 
the dissolution was complete, the temperature was allowed to rise to 85"C 
and a solution containing 8.0g (5.5xi0-" mol) of monoethylmaleate in 
10 mL ^of solvent was added to the system, together with 0.50g 
(2.07xi0 -j mol) of dibenzoylperoxide, previously dissolved in 10 mL 
of CB. After two hours, the reaction was stopped and the polymeric 
product was precipitated in methanol, repeatedly washed with acetone and 
finally dried in a vacuum oven for 24h at 50~ 
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very sensitive to the concentration of primary radicals, which influences 
the mechanism of the grafting reactlon. 
Furthermore, the grafting of unsaturated molecules onto EPR chalns leads 
to a decrease of the reduced viscosity of the polyoleflnlc substrate 
(13). Measures of reduced vlscoslty at different reaetlon tlmes eonflrm 
this trend, as we can see from the plot of fig. 3. Obviously, a greater 
concentration of peroxide leads to a greater degradation of EPR cbalns. 
An investlgatlon of grafting degree as function of the amount of starting 
peroxide has been performed, and the results are reported in the plot of 
fig. 4. The curve shows a marked increase In the functlonallzatlon degree 
at Increaslng DBPO concentrations, up to 30 mmol per 100g EPR, while 
reaches a plateau at hlgher concentratlons. Thls trend is common to other 
unsaturated molecules and can be ascribed to three main effects: a) 
partial saturation of reactive sltes onto EPR; b) decreasing efflclency 
of the inltlator, due to reeomb~natlon reactions between prlmary 
radlcals, and c) increasing probab~llty of secondary re~ct~ons of 
macroradlcals. 

I I I I P I I I 
4uoo .o  3aoo .  o ~ooo .  D 22oo ,  o | soo .  o ~oo .o  ] ooo .  o eoo .  oo  soo .  oo  4oo .  oo  

WAY~NUH~RS ( r  

ua 

so 

x 
In 4 0  

�9 3O 

I~  2O 

E 
E 

0 

Fig. I )  FTIR spectrum of  EPR-g-MES 
at  6.2% g r a f t i n g  degree. 

L 

. 2) Dependence or the g ra f t i ng  degree or 1 F 
j~ J HEr4 on tile react ion time. Reaction condit ions: 

y / / ~  T=~}5=C; chlorobenzene=lOOmL; EPll=5.0g; HEI4=8.0R; 
DDPO (111)=0.50g and (0)=1.25g.  
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F ig .  4) I n f l u e n c e  o1" the DBPO c o n c e n t r a t i o n  
on the g r a f t i n R  deRree,  l l e n c t l o n  c o n d i t l o n n :  

h T---85=C; t=2h;  eolvent--lOOmL; EPR= MEM--8. Og; 
\ \   .og. 
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Fig. 3) Dependence o f  the reduced viscosi ty  oF 
EPR-g-MES on the r e a c t i o n  t ime .  Reac t ion  con-  
d i t i o n s :  T=85"C; chlorobenzene=lOOmL; EPR=B.Og; 
NEN=8.0g; DBPO ( Q ) = O . 5 0 g  and ( l ) = 1 . 2 5 g .  

Thermal cycltzatton of EPR-g-MES to EPR-g-SA 

The cyclization of monoethylsucclnate groups grafted onto EPR is an 
equilibrium reaction (12): 

0 
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Preliminary investigations on an EP~-g41ES at high grafting degree (>5%) 
showed that the cycltzatton occurs at T >130~ while for T >170~ the 
degradatlon of EPR begins to be evident. Studles on the cycllzat~on in 
bulk have been performed on films obtalned by casting from a xylene 
solution dlrectly onto a KBr disk at room temperature. The coated KBr 
disk was put inside the temperature cell which was already at the test 
temperature, and spectra have been collected at selected times. While 
collecting spectra, the cell was carefully flushed with a stream of 
N . 

F~. 5 shows the spectra of a film of a EPR-g-MES, tn the spectral range 
of interest, for a thermal treatment at 150~ The anhydride band, 
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already present in the starting EPR-g-MES, reaches the same Intenslty of 
the ester-acld in less than 30 minutes and after 3h the ratlo 
anhydride/ester inverts completely. 
Fig. 6 shows the spectra relatives to studies performed ~n solution of 
o-dichlorobenzene. The beha~our in solution at 160"C is quite different; 
in fact, after many hours the conversion has not yet reached 50%, and 
only after several days the anhydride band is more intense than the ester 
band. From a closer inspection of the spectra, it is seen t~j~t the 
principal peak of anhydride group gradual![ shifts from 1775 cm 
(in the EPR-g-MES before heating) to 1783 cm (after hent~n~). Th~s 
last frequency is more characteristic of free SA ~roups (14). The Inltlnl 
shift towards lower frequencies can be attributed to polar interactions 
(hydrogen bonding) between the carbonyl moiety of SA and the acidic part 

of MES: 0 

I / CII-- l / c i o  . . . . . . . . .  if_0 c~ 

--II 7 0 I,3CI,2CO ~ /~l, 2 

Increasing the concentration of SA groups and decreaslnE that o[ MES the 
possibility for such interactions to occur decreases, so the anhydride 
band shifts to the frequency characteristic of a free five-membered 
cyclic anhydride. 
Anhydride groups could in principle be formed also between a carboxyl~c 
and an ester group of two different molecules of MES: 

C C II __~_ 
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The formation of anhydride linkages between groups ~rafted onto d~fferent 
EPR chains should lead to crossllnked EPR. To Invest1~ate on existence of 
such crossllnks, studies of solubility in xylene of EPR-~-MES after 
cyclization have been performed. 
A sample which had been heated in bulk at 150~ for 3h (see f~g.5) was 
treated with boiling xylene for long time. A gel fraction was actua]ly 
found, whose IR spectrum, obtained on a f~Im compression-molded at |50"C, 
shows a high content of anhydride. On the contrary, the soluble fraction, 
recovered from xylene, shows an IR spectrum similar to that of the 
starting material, i.e., before any heat trentment, wlth a very smn]] 
anhydride band. We can conclude that the bulk cycllzat~on reactlon 
proceeds via an inter-chain anhydride formation, which ~s a h~-molec111ar 
process. A similar treatment with boiling xylene was made on a sample of 
EPR-g-MES after solution cycllzatlon. Also in thls case the sample shows 
a small gel fraction which presents at IR analysis no d~fferences from 
the soluble fraction, indicating thus that both mechanisms of inter- and 
Intra-chaln anhydride formation can occur in this case, even If the 
monomolecular mechanism is preferred, due to the d11utlon of the system. 
More work is in progress to characterize prepared rubbers In mechanlcal 
and dlnamlc-mechanlcal tests and to compare their propertles wlth 
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a n a l o g o u s  
EPR. F u r t h e r m o r e ,  a r e s e a r c h  was  
grafting of MEM in aqueous medium. 

EPR-g-SA prepared by solution grafting of maleic anhydride onto 
recently started on the suspenslon 
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Fig. 5) FTIR spectra of EPN-g-MES nt different 

times during the heating process In bulk at 

T=I50~ (the poor resolution of the baseline 

is due to the lower resolutlon obtainable In 

the presence of the temperature cell accesso- 

ry). The first spectrum is referred to the 

starting EPN-g-MES at noom Temperature. 

Fig. G) FTII! np~c l . r ,  o r  EI'II-~-ME~; . l .  d l f f e r - . l :  
t lmen d u r l n  A the h e n t l n ~  p roc .nn  in  n o l u t l o n  n t  
T=IGO~ The f i r s t  specLrum is r e f e r r e d  to  the 
s t o r t i n g  EPN-~-MES a t  Room Tempera tu re .  
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