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Full Paper: Copolymerizationof ethyleneand styrene
was carriedout with CpTiCls/MgCl,-PMAO asa catalyst
at various temperaturesand comonomerconcentrations.
The presentcatalyst system producesa pseudorandom
copolymer of ethylene and styrene beside syndiotactic
poly(styrene)(sPS)and poly(ethylene)(PE). The copoly-

(c)

merswere obtainedat temperatue =60°C, indicating the
active species promoting the copolymerization being
formed at elevatedtemperaturesOn the otherhand,styr

ene incorporationin the copolymer increasesprogres-
sively with theincreaseof styreneconcentration.
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13C NMR specta of benzene-saible (a) and benzee-insoluble(b) fraction of copolymeization

productpreparedvith CpTiCls/MgCl, catalyst
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Intr oduction

Most of the conventonal Ziegler-Natta catalysts fail to
incorpoatemore than1 mol-% of styrene(S), whenused
for ethylene(E) styrenecopolymeization. The resultirg
polymeas show a substatially polyethyleric structure
contaning a low amountof styrené?. The recent devd-
opmens in homog&eousZieglerNatta catalysis, how-

ever enabkdthe synthess of E-S copolymes®™ of var
iouscompositonsandstructures.

Copolymerizatbns of ethyleneand styreneusing sim-
ple cataltic systens like CpTiCl;-MAO havebeenpre-
viously reportec#®. The copolymeization readions
dependon the reaction conditions, in paticular, on the
Al/Ti molar ratio: at a high Al/Ti ratio, a mixture of
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poly(ethylene) and syndiotactic poly(styrene) or at most
block copolymes, were prodwced, whereasat low Al/ Ti
ratios,E—S copolymerscontainng up to 35% of styrene
were obtained. On the contary, other recent reports
deniedthe production of E-S copolymerin the presece
of CpTiCl;-MAO™. The polyme obtainedwasnot a true
copolymerbut a mixture of poly(styrene)andpoly(ethyt
ene).

A Dow paten® disclosedthe synthess of “pseudbran-
dom” E-S copolymes using bridged monog/clopent-
dienylamid titanium complexes as catalysts On the
other hand, Kakugo et al*® reported that a catalyst
based on 2,2-thiobis@-methyt6-tert-buylphenoxytita-
nium dichloride and MAO affords a fractionablemixture
of syndotactic polystyrene(sPS)andan alternding E-S
copolymer Newertheless,Inoue et al¥ reported that
pseudoradom E—S copolymers can be obtainedusing
ansa-zircaocenebasedcatalysts Furtheralterrating E—
S copolymershavealsobeensynthe&zed by Pelecchiaet
al*? andArai et al.'® usinga MAO-free half-metalloene
catalyst and ansa-metllocene catalysts respetvely.
More recerily, the synthesisand chamacterizaton of E—-S
copolymes obtaned from titanium-based complexes
were reportedby Xu et al.**'® and Mulhaupt et al®,
respectivéy.

In a previouspape'”, we reportedthat monocyclopen-
tadienyl titanium (CpTiCls) that was suppoted on acti-
vatedMgCl, using a novel precipitaton metod showed
high activity for polymerizdion of ethylenein the pres-
enceof polymehylaluminoxane(PMAO). In this article,
an attemptwasmadeto copolymeize ethylenewith styr-
eneusingthe MgCl,-supporté catalyst”. The properties
of thesepolymerswere examined

Experimental part

Materials

Ethylene(from KoreaPetrochengal Ind. Co., 99.5%purity)
was usedwithout further purification. Nitrogen of an extra
pure grade (from Korea Petrochemicalind. Co., 99.999%
purity) wasdried by passingit througha column containing
molecularsieve 3A. Toluene (MatsuneonChemicals.,Ltd.)
wasrefluxed 48 h over sodiumand distilled undernitrogen
atmosphereStyrenewas dried over CaH, for one hour and
distilled underreducedhitrogenpressurePolymethylalumin-
oxane (PMAO, 9.5 wt.-% in toluene) (from Tosoh Akzo
Corp.) was used without further purification. The MgCl-
supportedCpTiCl; catalyst(Ti, 3.4 wt.-%) was synthesized
accordingto the previouspapet”.

Copolymerizations

The copolymerizationruns were carried out at atmospheric
pressuref ethylenein a 200-mL glassreactorequippedwith
a magneticstirrer. The reactorwas chaged under nitrogen

sequentilly with toluene,styrene,and PMAO; the inert gas
was removedand the polymerizationmixture was saturated
with ethylene,which was continuouslyfed during the run,
andthermostatedn anoil bathatthe onsettemperatureThe
copolymeizationreactionwasstartedby addingthe catalyst.
The copolymerizationwas terminatedby the addition of a
dilute solutionof hydrochloricacidin methanolThe precipi-
tatedpolymerwasfiltered, washedwith an excessof metha-
nol, anddriedundervacuum.

Analysis

To removethe homopolymersselectivesolventfractionation
was performedusing a Soxhlet extractor In detail boiling
methyl ethyl ketone(MEK) and boiling benzen&!*1® were
appliedsequentially

The melting (T,) andthe crystallizationtemperature¢T.)
of the obtainedpolymerswere measuredy meansof differ-
ential scanning calorimety (DSC, PERKIN-ELMER
Pyrisl). The DSC traceswere recordedbetween30°C and
300°C at a heatingrateof 10°C/min. **C NMR spectrawere
recordedon a Varian Unity-Inova-300spectrometepperat-
ing at 299.71MHz in the Fouriertransformmodeat 130°C.
A 1,2,4-trichlorobenzene/benzeng-thixture was used as
solvent (8/2). M,, (weight-averagemolecular weight) and
M,/M, (molecularweight distribution) of the polymerswere
determinedoy meansof GPC (gel permeationchromatogra-
phy, Waters 150-CV) in 1,2,4-trichlorobenzenat 135°C,
and the data were analyzedusing poly(styrene)calibration
curves.

Resultsand discussion

Copolymerizatons of ethylene(E) with styrene(S) were
carried out under various conditions using CpTiCls/
MgCl,-MAO as catalyst system”. The main resultsare
summarizedin Tab.1 and 2, whereadetailsof the poly-
merizationsarereportedn the Experimentalpat.

To determinehoma@oolymea and/or copolymerin the
copolymerizaton products selectve solvent fractionation
was carried out succesisely using boiling MEK for the
removal of atacticpoly(styrene)aPg andboiling benzne
for the remowal of E-S copolymer from syndotactic
poly(styrene) (sPS)and poly(ethylene) (PE) homaoly-
mers.It wasfoundthatMEK wasagoad solvent for atactic
PS,whereasbenzenavasa poor solventfor syndotactic
PSandPEhomaolymerbut, howewer, agoodsolvent for
E—S copolymers.The amauntsof MEK-solublefractions
were nedigible (=0.3%),andthe amouns of MEK-inso-
luble fractionswerehigherthan99.®%, indicating thatthe
production of atactic polystyrene was negigible. The
copolymerizaton produds wereanalyzedby mears of 1°C
NMR andDSCasshownin Fig. 1 andTab.1 and?2.

Runsl to 5 werepefformedat elevaedtenperaturesn
toluenewith ethyleneat atmospleric pressureandstyrene
at constantamaunt asshown in Tab.1. The copolymei-
zation prodwct obtainedat 20°C is insolulde in benzae
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13C NMR spectn of benzene-selble (a) and benzene-insluble (b) fraction of copolymeization productpre-

paredwith CpTiCls/MgCl, catalyst,anda crudecopolymerizatiorprodict (c) preparedvith CpTiCl; catalyst

and corsists essentidly of poly(ethyleng (NMR spec-
trum of benzenessolublefraction displaysa strongsin-
gle resmanceat 29.9ppm and T, is 131.2°C), whereas
those obtainedat 40, 60, 80, and 100°C show a more
complex composition The benzenesoluble fraction
showsa much lower melting tempeature(T,,) thanthose
of typical sPSand PE homaolymers.In cortrast, the
benzenansolubk fraction displaystwo distinct melting
tempenturesand crystallization tempergures (T,) which
coindde with the respetive T,/’s andT,'s of PE andsPS
homomlymers Thesereslts indicate that the benzene-
solublefraction of the copolymeization produd is aE—S
copolymer while the berzene-instuble fraction is a
blend of sPS and PE homomlymers The aliphatic
regionsof the °C NMR spectraof berzene-instuble and
benzenesolublefraction are givenin Fig. 1 asan exam
ple. In the NMR spectrum(b) of the benzenesisoluble
fraction, only three peals could be found at 44.8 41.4
and 29.9ppm. Two peaks at 44.8 and 41.4ppm are
assignedo the semndarycarton (S,,) andtertiary carbon
(T in the syndotactic styrene sequepe. The peak at
29.9ppm is assignedto S, in the ethylene sequene.
Theseresultsindicatethat the benzendnsolubk fraction
is a mixture of syndiotatic poly(styrene)andpoly(ethy-
ene)homaolymers.The NMR spectrumof the benzene-
soluble fraction was quite differentin compaison with

the benzenessolublefraction. In the NMR spectrum(a)
of the benzee-solublefraction, four resonancepeaks
were observedat 46.5, 37.2,29.9,and 27.9ppm can be
assignedio Ty, Su, Sw, and S in the E—S copolymer
sequene®®121% From theseresults,it is concludal that
copolymeization of ethyleneandstyrenewith the present
catalystsystemgivesa mixture of E—S copolymer, poly-
(ethylene) andsyndiotatic poly(styrene)

As apparentfrom Tab. 1, it wasfound thatthe compo-
sition of the copolymerizaton prodwcts depended
strongly on the polymerizdion temperégure. Only poly-
(ethylene)(PE)wasobtainedat 20°C. A smallamaunt of
the E—S copolymerwas obtainedat 40°C, althoudh syn-
diotactic poly(styrene) (sPS) was also producel. The
weight fraction of the E-S copolymer as well as the
copolymeization activity showed a maximum value at
60°C. The cataltic activity thendecrease at 80°C. The
amountof sPShomomlymer increase with increasim
temperatue, whereasthe amount of PE homopolyner
decreasé. The variation of the conposition of copoly
merizatbn productswith temperatureindicatesthat the
formation andtype of activesitesdepend on the polymer-
ization temperatue. The resultsare in agreemen with
thoseof Xu etal**.

The infuenceof styreneincorporation on the melting
(T) andthe crystallizationtemperature(T,) were investi-
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Tab.1. Copolymeizatior? of ethylene(E) andstyreng(S) usingCpTiCls/MgCl,-MAO catalystat differenttemperatures

Run Temp Activity®

C¢He-soluble(MEK-insoluble)fraction

CsHes-insolublefraction

°C x 10®

Yield T T, Styrere? Yield T T, Styrend

% °C °C incorp. % °C °C content

mol-% mol-%

1 20 0.52 0 - - - 100 131.2 115.0 0

2 40 0.55 trace - - - 100 128.0,261.7 115.3,224.3 1.2
3 60 1.07 4.8 88.7 74.6 6.2 95.2 126.2,259.4 111.6,223.4 3.4
4 80 0.65 4.0 92.9 78.8 4.6 96.0 126.6,260.3 112.3,224.2 6.1
5 100 0.05 2.9 107.5(248.49 83.7(206.9Y 34 97.1 129.1,259.4 115.0,231.8 23.5

®  Polymerization conditions catalyst= 14.2 pmol of Ti, Al/Ti(mol/mol) = 420, toluene= 100 mL, time = 1 h, styrene= 1.46

mol/L, ethylenepressue = 1 atm.
® g of polymer/molof Ti - atm- h.
9 Weightpercentof benzer-solublefraction.
9 Estimatedfrom 3C NMR specta of E—S copolyme.
®  Weightpercentof benzer-insolublefraction.

) Estimatedfrom 3C NMR specta of the benzene-insluble fraction.

9 Weakpeakof sPShomopdymer.

Tab.2. Copolymeizatior? of ethylene (E) andstyrene(S) usingCpTiCls/MgCl,-MAO ascatalystat differentmonomerconcentra-

tion
Run [Styrene] Activity® Comp.of copolyme prodicts (wt.-%) E—Scopolyme
in thefeed x 10°
_ E-&9 PEY sPY Styrere M, x 10 M./M,
mol/L
mol-9¢
6 0.79 1.25 4.2 92.7 3.1 3.9 2.5 3.9
7 1.46 1.07 4.8 91.8 34 4.8 3.2 3.8
8 2.01 1.01 5.3 91.4 3.3 54 4.9 4.3
9 2.49 0.96 5.2 89.9 4.9 6.8 6.2 4.5
10 291 0.81 3.9 89.6 6.5 9.0 7.3 4.1
110 2.01 0.02 - 19.9 80.1 - - -

@  Polymerizationconditions seeTab. 1, polymerizationtempeature= 60°C.

® g of polymer/molof Ti - atm- h.
9 Calcuatedfrom the benzee-solubleraction.

9 Estimatedfrom 3C NMR specta of the benzene-insluble fraction
) Estimatedfrom 3C NMR spectn of thebenzene-salblefraction.
) CpTiCl; ascatalystwasusedunderthe samepolymerizaton conditions.

gated.Only 3.4 mal-% of styreneincorpordion wassuffi-
cient to lower the T, from 131.2°C, typical for poly-
(ethylene) to 107.5°C. Evenlower melting tempeatures
weredetectedwith 92.9°C and88.7°C for 4.6 mol-% and
6.2 mal-% styreneincorpomtion, respetively. A similar
trendwith respecto T,, wasobservedor the crystalliza-
tion temperatures(T,). Both T, and T, deceasewith
increasingstyreneincorpordion.

Tab.2 showsthe resuts of the copolymeization of
ethyleneand styreneperfamed at 60°C and an ethylene
pressuref 1 atmvaryingthe styreneconentrationsCat-
alyst activity deceasedwith increasimg styreneconcen-
tration This is corsistentwith the observéions for other
catalytic systens>!® usedin the ethylene/syrenecopoly

merization, and can be explained by the much slower
insertion rate of styrenewith respectto ethylene Initially
the fraction of E—S copolymerincreasedbut decrease
at high concentrationsof styrene (Run 10). On the con-
trary, the fraction of sPShomaolymer increasd with
increasng styrene concentation. However the amaunts
of the E-S copolymerand sPShomopolymer are low,
with amaximum valueof 5.3 and6.5%, respectively. For
comparison the amounsg of PE homomlymer was about
90%. This means, that the present catalyst system,
CpTiCly/MgCl,, favorsthe prodiction of PE homapoly-
mer, asdescribedn apreviousreport”.

In contast to the hetergeneous CpTiCls/MgCl,-
PMAO catalyst, homogneousCpTiCl-PMAO catalyst
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produed only a mixture of syndiotacic poly(styrene)
andpoly(ethylen@ without the formation of E-S copoly-
mer, asshownin Tab.2 (Run 11) and Fig. 1(c). This is
consisent with the result of Aaltonenet al.” Basedon
this result, it is confirmedthat E-S copolymersare pro-
ducedfrom the heterog@neougphaseof the active speces
of the CpTiCl/MgClI, catalyst.

On the other hand,with polydispersiies of 3.8to 4.5,
the molecubr weight distributions of E—-S copolymers
weresignificantly broadenedn comparisonto thosetypi-
cal for homogneous metallocee-catalged ethylene/
styrene copolymerizatons 19, as shown in Tab.2. A
larger polydispersiy is also acconpanied by inhomo-
genety of the active speciewith respecto styreneincor-
poration.

Styrene incorporation in the E—S copolymer also
increasedorogresively with the increaseof styrenecon-
centraton; with the styrene concentations varying
between0.79 and2.91 mol/L, the styrenecontents varied
between3.9 and 9.0 mol-%, as shownin Tab.2. These
amouns of styreneincorporationsare much higher than
those obtained when using converional ZieglerNatta
catalystd-?. In addition, irrespecive of the styrene con-
tent in the copolymer all *C NMR spectraof the E-S
copolymes gawe only four resonanceeaksobservedat
around46.5,37.2 29.9,and 27.9ppm. Theseresonanes
were assignedto Ts, Sus, Sw, and Sg, respectivey, as
shownin Fig. 1(a). The absere of signalsfor S,; and Sy
at around34.4 and 25.4ppm indicatesthat a pseworan-
dom E-S copolymeris presentinsteadof an alternatng
type,in contrastto othe report$:101214),

In conclsion, the copolymerizaton of ethylene and
styrene using a MgCl,-supported CpTiCl; catalyst
resulted in copolymers confaining long ethylene
sequenesand isolated styrene units. The production of
the E-S copolymerswere acconpanial by the produc-

tion of sPSand homo PE dependng on the polymeriza-
tion conditions.It is expectedthat ethylene-lasedstyrene
copolymes, egecially in a slurry process are obtained
whenusingthe presentMgCl,-suppated metallocenecat-
alyst.
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