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Summary

Low molecular weight atactic pgpropylene APP) was functionalized with 4-
allyl-2-methoxyphenol (eugenol), alyl-1,2-dmethoxybenzene GMAB), 4-
propenylanisole(trans-anethole), cis-2,4jm&thoxypropenylbenzene B{asarone) and 4-
allyl-2,6-dmethoxyphenol ADMP) in the presence of dicumyl mxide (DCP) at 170°C.
Amount of grafted eugenolDMAB and anethole on APP and chaterization of the
products were carried by UV-VIS and FTIR esproscopies respectively. The effects of
the reaction time, concentrations of theactional compounds and DCP on the extent of
grafting were examined.

Introduction

Among the polyolefins, polypropylene (PP) is one of the widely usedigdawith
very suitable mechanical and chemiqaiopeties. However, its applications are limited
due to inertness toward chemicalgpor hygroscoity, sensitivity to photo or thermal
oxidation, low dyeaility, low melting point and sticking temperatures, inadequate
compatibility with other synthetic polymers and no adhesion to metalsooganic filers.

PP cannot be modified by polar groups via copolyma¢ion of propylene with polar
monomers because of the high sensitivity of Ziegler-Natta catalysts to heteroatoms
present in the polar monomers. Therefore, an increase in the polarity of PP can only be
obtained hrough addional functionalization processes (1,2). Halogation (3,4) or
substitutions of halogen containingroups and graft copolymieation of several vinyl
monomers onto PP are widely used techniques in the functional modification of PP (5-
11). Recently, inorder to avoid famation of bng side chains and marked changes in the
mechanicalpropeties of PP, mmnomers which are unable to give propgn step up to

an appreciable extennder the eaction onditions have been used (9-12).

In this work, with regard to easier prepion of the reaction mixtures and to the
characterization of the reactioproducts, APP was used in thdunctionalizations with
several allyl and 1,2-disubsituted alkene comounds. Fuctionalizations with these
compounds are imilar to the graft opolymeizations in which the polymer radicals
reacting with the copounds are dhined by using pexides. The study covered the
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influence of the reaction time and the concentration of fthestional compounds on the
extent of grafting, as &l as the mechanistic aspects of grafting reactions.

Experimental

Atactic polpropylene was supipd from Turkish Petrockmical Industry,

PETKIM, Aliaéa, TURKEY. It was first treated with boiling acetonearder to remove
the low molecular weight copounds and then with Bmg benzene. The fraction soluble
in the last solvent was used in the functionalization experiments1(8% kg/mol,
determined by ryoscopy).

Chemicals,DMAB, ADMP, B-asarone and DCP were the products of Aldrich and
eugenol and trans-anethole were purchased from Merck. Laboratory grade solvents and
reagents were purified and dried by standaedhods before used.

The functionalization mixtures were prepared by dissolving a calculatediranof
DCP (8, 15 and 25 wt. % with rexgt toAPP) in a benzene solution ofkmown weight of
APP sample in a glass awoule. After evaporating the solvent by freedeying, a
calculated amunt of furctional compound (5, 15, 25 and 35 wt. % with exipto APP)
was added onto APP-DCP mixture. Theaction arpoules were evacuated and sealed
under vacuum. The mixtures for theactions betwee®PP and DCP were also prepared
in the similar way. The reactions were carried1at0°C for different eaction times(20,

30, 40 and 60 min) imelt. Theproducts were twe dissolved in toluene and precipitated
in methanol. In similar @nditions, no precipitation was observém the eactions carried
between DCP and functional compounds in the absenc&PBf This showed merely the
precipitation ofAPP withbound groups from the fgtionalization mixtures.

Functionalizations ofAPP with DMAB, eugenol and anethole were studied in
detail. Dependence of the content bbnded groups on the concetion of these
compounds was exmined with various concentrations of DCP BIO°C for different
reaction times. Functionalizations carried with rase and ADMP were studied in the
presence of 8% DCP for 40 min and the products were onlyactiesized by FTIR
spectroscopy.

The contents of the bonded eugenol, anethole RKNEAB groups ontoAPP were
followed by a Shimadzu, W60 A UV-VIS spectrophotoneter. Measurements were
carried at A values of the hydrogeted compounds as described previously (12).
Hydrogerations were carried under hydrogen gasatin) in the presence of platinum
oxide and the obtaine@roducts were purified by vacuum dlistion through a vigreux
column (yield =80-90%).

FTIR spectroscopic characterizations of the samples were carried with a Jasco
FTIR-430 sectrometer by using films prepared on KBr pellets.

Results and Discussion

Extent of grafting

In functionalizations ofAPP with DMAB and anethole, in the presence of 8%
DCP at 170°C, amount of the grafted groups ohRP increased withime and reached to
a maximum at 40 min (Fig. 1). Nearly equal content of bondings at 40 and 60 min
indicated the completion dfonding eactions pproximately at 40 min. In addin, it was
observed that in each set ffnctionalization (functionalizations carried out at the same
reaction onditions) the amount dfondedDMAB and anetholegroups increased to a
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Fig. 1. Formation of a) DMAB and b) anethole groups on APP with time (DCP=8 wt. %,
reaction temperature=170°C).

maximum value as the concentrations of the compounds increased inedlogon
mixtures. However, a further increase in the conegion of compounds caused to
decrease in the content of the bonded groups. These decreases itate ititht the direct
reactions between pexide radcals and freefunctional compounds start to compete
remarkably with the formation of reactive radical sites ARP chains. Hence, the
possibility of binding o©OMAB and anetholegroups onto APP decreases. itndar result

4.0 with  a maximum at 15% was also
: reported by Borsig and Brown(12) for the
m 5% eugenol . 7 .

3.5 . functionalization of atactic pgpropylene
e 4 15% eugenol with DMAB in the presence of 8% DCP
g 3.04 ° 25% eugenol at 170°C for 40 min.
ar 71 & 35% eugenol In case of functionalization of
A 257 APP with eugenol in the presence of 8%
g 20: DCP extent of grafting was lower than
g those obtained withDMAB and anethole
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g . functionalizations with previous
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Fig. 2. Formation of eugenol groups on enhances  direct reactions  between
APP with time (DCP=8 wt. %, peroxide rattals and free eugenol

reaction temperature=170°C).

molecules.
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Therefore, the posdilly of these direct reactions increases with eugenol content, since
the possibility of finding eugenol molecules in the vicinity of a DCP radical becomes
higher.

Effect of radical concentration

The effect of radical concentration on the content of Hwnded groups was
examined by increasing the concentration of DCP in the reaction mixtures. An increase in
the content of the bonded groups wadaoted in all cases with the increase in DCP
concentration (Fig. 3). This imzhted the increase in the possibility @&rmation of
polymer radicals, whicbound furctional groups in the poeeding step.

When DCP concentration was increased from 8 to 25% the amount of bonded
DMAB and anetholegroups increased about 2tBnes (Fig 3). However, the increase in
bonded eugenol groups was surprisingly much higher DIsiAB and anethole (3times
for 5%, 10timesfor 15 and 25% and 2fimes for 35%). This result demonstes that the
radical concentration becomes highoagh to eact both with free eugenol molecules and
APP chains tdorm moreactive centers when DCP concentration is increased.
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Fig. 3. Effect of DCP concentration on the formation of functional groups on APP
(reaction temperature = 170°C, reaction time = 40 min), DMAB (---—--—-- );
anethole (———); eugenol (--------- ).

Reaction between APP and DCP

APP was eacted with DCP in reactiononditions similar tofunctionalizations.
These reactions were followed by IRT The sgctra of APP samples that weresacted
with DCP in the ratios 00.6-1.9 mmol DCP/moAPP at170°C for 20-60 min, indated
the formation of two new bands atoand 1642 and 1691 ¢mNo any other significant
change than the spectrum of piéfeP was observed (Fig. 4).
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The band at 1642 ciis associated with the vibrational mode of the béhds
in a =CH group. The famation of aproduct cotaining =CH group is possible through
the chain scission reaction as follows (eq. 1),

CH3 CHy CH3 CHj
i | | |
—CHZ—(;—CHz—CH— =—==» CHy=C— + =CHy—CH (1)

On the other hand, the band observed at 1691 whose intensity increased with

DCP concentration was due to the C-H bond in a -'Gl—gvfﬁup of a product. Foration
of a double bond along thmain chain is possiblehtough a disproporti@tion process

between a polymer radical and a DCP radical,’,R® between two polymer radicals, as
shown in eq. 2. The relative intensities of these bands indicated the increase in the extent
of formation of diproportioration reactions with the increase in DCP concentration.

s s s s
—CH—C— + —CH—C— —> —CH=C— + —CHp—CH— ()
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Figure 4. FTIR spectra of a) Pure APP, b) APP reacted with 25 % DCP
(reaction temperature = 170°C, reaction time = 40 min).
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Mechanism of functionalization

In the functionalizations carried by chain transfer reactions, the polymer radical
formed by the hydrogen abattion after decomposition of fides are important in the
first stage of reactions. In these reactions, methine and then methyenegens were
generally assumed to be most react{ie4,12). In the following steps, polymer reals
may react with thefunctional compound or may be consumed in otlections such as
disproportiomtion, chain scission, cross-linkingetc. The reaction between polymer
radical and functional compound gealkdy follows two different eaction mechanisms;
i. The addition of polymer radical to the olefiniouble bond of the fustional compound,
in which saturation of the olefinic double bond takésce (structures | and Il in eq. 3 for
the addition to allylic and disubstituted alkene qoonds respctively), ii. The
combination of polymer radical with the radical on tlhumctional compound, which may
form at the peceding transfer reaction of tHenctional compound with a pnary radical
of a peroxide or with a polymer radl. The most possible radical that miym on the
used allyl corpounds is anallylic radical, (CH=C H-CH-Ar), and on the used
disubstituted alkene cagmounds is a methylene radica((‘:ﬁ?iCH=\c_I'{—Ar), which
probably rearranges into aallylic radical. Theréore, fomation ot oletinic double bonds
on APP due to thbonded groups is erpted (structurdl).

?H3 fﬁs (E:H3
—CHz—?—CHz— — CHy— C— CHy — ——CHz—?—-CHZ—
CHy— }CH— CH,— Ar CHz— CH— (|3H— Ar CHy=CH—CH—Ar  (3)
R R
1 I m

FTIR spectra of thegroducts otamined from different stages of fumionalization of
APP with DMAB, anethole and asme showed a peak at around 1650 cmwhich is
attributed to the vibration of C-Honds of the =CHgroup. 'The presence of =Clgroups
on the functionalizedAPP samples iridate a radical combination mechanisior the
reactions betweenAPP and allyl or 1,2-disubstuted alkene comounds (Fig. 5.a.ll-
5.c.ll). The peak at 1650 c¢min the spectra of theproducts otmined from the
functionalizations carried with asme andADMP in the presence of 8% DCier 40 min
demonstrated also a radical combination mechanism.

FTIR spectra of APP samples withbonded eugenol groups showed a band at
around 3560 cih due to unreacted OHyroups (Fig. 5.c). Therefore, the poditp of
formation of a combination reaction between a polymer and anopide radcal may
expected to be low. This conclusion can also be extended tdumlcéionalizations with
ADMIP, since the FTIR gpctra of theproducts showed the presence of eamted OH
groups oPADMP bondedAPP samples.

The peaks of some products at about 1642 and 1692comd be referred to the
products of chain scission and disproporéiton reactions, respectively. The spectra of
the products of fuctionalizations carried witibMAB, eugenol and anethole up to 30 min
indicated only the peak a650 cnt. M_and f] values of these products increased also
up to 30 min (13). However, this result does not show the lepbsence of chain
scission and disproportiation reactions. The extents &rmation of these reactions are
probably low up to this stage ofeactions. The peak at642 cni, which probably
overlaps the peak at 1650 ¢mwas first observed for the products of dtinnalizations
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carried for 40 min with low concemtions of compounds, i.e. 5% (Fig. 5.a.l-5.c.l).
Decreases in Mvalues of these products were also observed at 40 min (13). However,
this peak (1642 ci) was disappeared with the increase in the concentrations of
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Figure 5. FTIR spectra of APP with bonded a) DMAB, b) anethole, ¢) eugenol groups.
I. 5% (DMAB, eugenol, anethole)-8% DCP, II. 15% (DMAB, eugenol), 35% (anethole)-
8% DCP, III. 5% (DMAB, eugenol, anethole)-25% DCP, 1V. 25% (DMAB), 35%
(eugenol, anethole)-25% DCP. (reaction temperature~170°C, reaction time=40 min)

functional compounds (Fig. 5.a.ll-5.c.ll).indlar behavior was also observefdr the
products of the fuctionalizations carrietbr 60 min.

Among the fuetionalizations of APP with aseone and ADMP (5-35%), which
were only carried in the presence of 8% DCP for 40 min, the FTé&Rtrsp of theADMP
bondedAPP samples differed than the others byidatng only the presence of the band
at 1650 cril.

The spectra of theroducts of fuationalizations carried wittb-15% DMAB and
5% eugenol in the presence of 15% DCPidated also thdormation of the bands &t642
and 1691 cr (less intense band). These peaks were disappeared with the increase in the
concentrations of the compounds. However, they observeadlfgoroducts otained from
the functionalizations carried with-35% anethole in the presence of 15% DCP. In the
functionalizations carried witl25% DCP,although further increases in the contents of the
bonded groups were t#bned (Fig.3), FTIR sgctra of theproducts inttated also the
formation of the peaks a642 and 1692 ci The relative intensities of these peaks with
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respect to the benzene peakl1800 cnt were observed to be decreased with the increase
in the concentration of functional compounds. The decrease in the intensity of 1692 cm
was higher than the decrease in 1642' ¢fig. 5.a.lll-5.c.lll and 5.a.IV-5.c.IV). The peak

at 1650 cril was clear only in the spectra of tipeoduct of eaction carried with 35%
eugenol (Fig. 5.c.IV).

Conclusion

The nature of the functionalization &PP with severalallyl and 1,2-disubstuted
alkene compounds were studied byedposcopic characterizations to clarify thending
mechanism, the reactions oedng during fumtionalizations and the variations in the
amount of grafted groups.

The studied compounds wemdtached toAPP by the combiation of radicals on
APP chains and cgpounds. However, bonding of the compounds by theitiadd of
radicals onAPP to the olefinicdouble bonds of the compounds could also becetga up
to certain extent as noted earl{éd, 12).

In the reactions between DCP a@dPP and in thefunctionalizations, extents of
formation of chain scission and greportioration reactions increase with the increase in
concentration of DCP. However, the observed increases jnad [)] values of the
products with DCP concetmtion indicated the low influence of these reactions on the
increase of molecular weight&l3). An increase in the conceatiion of the functional
compound mainly decreased the extent dbrmation of diproportioration then chain
scission reactin. The efécts of functionalization on the molecular weights and the
thermal propeties of functionalized APP samples i be discussed in the sewed part of
the paper (13).
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