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Polymerization of Propylene by Mixed Ziegler-
Natta and Metallocene Catalysts
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The polymerization of propylene using a mix-
ture of racemic metallocenes and Ziegler—Natta
catalysts was investigated. The polypropylene
was obtained as a mixture of a fine powder and
beads, with the powder being absorbed partially
on the beads. The relative amount of the powder
can be controlled by the concentration of the
metallocene. The compatibility between the
components of the mixed catalytic systems and
the effect of the components on the rate of
polymerization and on the properties of the new
polymers were studied. The metallocene system
dramatically affects the melt viscosity, isotacti-
city and molecular weight of the polymers. The
two catalytic systems are able to act jointly,
producing different polymers, for which sep-
arate melting and crystallization temperatures
are obtained. © 1998 John Wiley & Sons, Ltd.
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INTRODUCTION

catalysts, the Lewis acid strength of the co-catalysts
and the polarity of the solvent for homogeneous
catalysts; or on the nature of the solid support for
heterogeneous catalyst$ It was realized that the
real importance of the acidity of the Lewis co-
catalysts, and of the solvent polarity in weakly
coordinating media, could be explained in terms of
the formation of intermediate transition metal
cations having an available coordination site for
the olefin monome?**

Besides the discovery of methylalumoxane
(MAO) by Sinn and Kaminsky? the major break-
through for metallocene complexes of the early
transition metals was achieved by the synthesis of
stereorigidansametallocenes by Brintzinger and
co-workers'® The complexes have been used as
stereoselective catalytic precursors for the produc-
tion of isotactic polypropylene reé:)orted by Ewen
and Kaminsky in the mid-1980¢<:*

Over the last 17 years, in both academic and
industrial laboratories major efforts have been
devoted to developing these promising catalysts.
Recent scientific advances now allow a better
understanding of the polymerization mechanism
and the close relationship between polymer proper-
ties and metallocene structure. A clear correlation
has been established between the geometry of the
metallocene and polymer tacticity, molecular
weight, etc®~?*1t has also been demonstrated that
the metallocenes, as olefin polymerization cata-

Since the landmark discoveries by K. Ziegler's lysts, are not only matching their heterogeneous
group in 1953 and by G. Natta's group in 1954, thecounterparts in every point of producing a variety

Ziegler—Natta polymerization process for olefins of comparable olefinic homo- and co-polymers, but

and diolefins has come to be recognized as one dhey can also produce polymers that could not have
the most important and far-reaching findings everbeen produced by other catalytic systems.

made in polymer chemistr72 From the beginning

As far as the unique performance of the

it was known that the activity of such polymeriza- metallocene complexes in the polymerization of
tion catalysts depended on the nature of theolefins are concerned, some general conclusions
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can be stated: (1) metallocenes show the highest
polymerization activities, as compared with MgCl

supported titanium catalysts; (2) metallocenes
produce polymers with the highest stereospecificity
as compared with the conventional Ziegler—Natta
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catalysts;(3) being single-site catalysts,metallo-
cenesseemnto havethehighestability to polymerize
propylene, producing polypropylene chains with
like structuresandof almostequallengths,.e. with
high compositional uniformity and very narrow
molecularweightdistribution(MWD). In addition,
metalloceneshowa greatability to copolymerize
various monomers, including polar ones, with
uniform distributionof the co-monomerg: 2%~
ThenarrowMWD andlow meltingtemperatures
of the metallocene-ba polyolefinsmay be either
an advantageor a drawback,dependingon the
processingmethod and the end-productapplica-
tions. Thus, commercialgradesof first-generation
metallocene-basegolypropyleneavailable today
areintendedfor the productionof fibers, biaxially
oriented films and thin-wall injection mold-
ings26-3°
Major drawbacksof the metallocene(Group
IVB)-basedpolypropylenesarisingfrom low shear
sensitivity of polymerswith a narrow MWD, are
low melt strengths, high die pressure,and a
tendencyto melt-fracture332 These drawbacks
limit the areasof applicationof thesematerialsand
inhibit their introductioninto the market,at present
occupiedby conventionalZiegler—Nattagrades.
The processability of polypropylene can be
improvedby melt-blendingof gradeswith different
molecular weights in an extruder. This process
requiresprolongedmixing to achievefine disper-
sion, is highly energy-consumingand is usually
accompaniedy polymerchainsdestructiorf.” An
alternative method is to polymerize propylene
using two successivereactors.In the first, the
polymerizationis carried out by the conventional
Ziegler—Nattacatalystin the absenceof hydrogen,
in orderto obtain high-molecular-weigt fractions
of polypropylene,while in the secondthe poly-
merization is accomplishedin the presenceof
hydrogento obtain fraction of lower molecular
weight33*~3°A similar optionis polymerizationin a
singlereactor,n the presencef differentcatalysts,
underthe sameconditions,providing simultaneous
formation of polymers with different molecular
weights.Thus,hasbeenproposedhe combination
of two or morehomogeneoumetalloceneatalysts
for ethylenepolymerization®>
Herewereportthesynthesisindcharacterization
of isotactic polypropylene obtainedin a single
reactor by mixing a conventional Ziegler—Natta
catalyst(commercial T; on MgCl,) with racemic
zirconiummetallocenecomplexesThe interaction
betweenthe componentof the Ziegler—Nattaand
themetalloceneatalyticsystemsthe compatibility

© 1998JohnWiley & Sons,Ltd.

effectson the activity of the mixed systemsandthe
propertiesof the polymersobtainedwere studied.

EXPERIMENTAL

Materials and general operations

All manipulationswith air-sensitivematerialswere
performedwith rigorousexclusionof oxygenand
moistureusingflamedSchlenk-typeglasswaren a
dual-manifold Schlenk line and high-vacuum
(10°Torr) techniquesFor storageof air-sensitive
materialsa nitrogen-filled Vacuum Atmospheres
gloveboxwith a medium-capacityrecirculator(1—
2ppmO,) wasused Argon, nitrogenandpropylene
gaseswere purified by passagehroughanp MnO
oxygen-removalkolumn and a Davison4 A mol-
ecular sieve column. Analytically pure solvents
(diethyl ether, tetrahydrofuran,hexane, toluene)
weredried by refluxing over Na/K alloy or sodium
metalunderargon.

Zirconium  metallocenes [C,H4(Ind),ZrCl,
(Ind =indenyl) and Me,Si(Ind)ZrCl,] were pre-
paredaccordingto literatureprocedures® Methyl-
alumoxane (Witco) was preparedfrom a 20%
suspensioim tolueneby vacuumevaporatiorof the
solventat 25°C/10 °Torr. Ziegler—Nattacatalysts
(commercialT; on MgCl,) were obtainedfrom an
industrialsource.

NMR spectrawererecordedon Bruker AM-200
andBruker AM-400 spectrometersChemicalshifts
for '"H NMR and *C NMR were referencedto
internalsolventresonancandarereportedrelative
to tetramethylsilaneThe NMR experimentswere
conductedin Teflon valve-sealedubes(J-Young)
after vacuum transfer of the liquids in a high-
vacuum line. Ether solvents(THF-ds) for NMR
analysiswere distilled under argon from sodium
benzophenoneketyl. Hydrocarbon solvents (to-
luene-¢, benzene-g) were distilled under argon
from Na/K alloy. All solvents for vacuum-line
manipulationswere storedin vacuumover Na/K
alloy in resealabléulbs.

All the polymerization experimentswere per-
formedin awater-cooledacketed4-litre stainless-
steellaboratoryautoclaveprovidedwith inlets for
each of the gases (hydrogen, propylene and
nitrogen),a mechanicalmixer, thermocoupleand
pressuretransducersBefore any experiment,the
autoclavewaspreparedor the polymerizationruns
in the following manner.The reactorwas purged
with N, (70°C, 1h) followed by repeated(2—3
times) filling and venting at 70°C firstly with

Appl. OrganometalChem.12, 401-408(1998)
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hydrogerandthenwith propylene Thereactorwas
then cooled to room temperature before the
catalysts and propylene were introduced. The
Ziegler—Nattaand the metallocenecatalytic sys-
temswere loadedinto the autoclaveundera light
streamof propylene(20-30cm® min™?).

Preparation of the Ziegler-Natta and
metallocene catalytic systems

Preparationof the Ziegler—Nattacatalytic system
wasperformedundera nitrogenstreamasfollows:
80ml of pure dried hexanewas introducedinto a
250-ml dropping funnel; 10ml of a 120gl~*
solution of the triethylaluminium (TEAL) co-
catalystin hexaneand a certainamount(Table 2,
below) of cyclohexylmethyllimethoxysilane(ex-
ternaldonor)wereaddedrrom thedroppingfunnel.
After 5min precontact40ml of this solutionwas
transferrednto atailedflask,into whichaweighted
amountof solid Ziegler—Nattacatalystwas then
addedafterwhichthecatalyticsystemwasreadyto
be introducedinto the polymerizationautoclave.

The metallocenecatalytic systemwas prepared
asfollows: 40mg of the metalloceneanda certain
amount of toluene (Table 1, below) were intro-
ducedinto a Schlenkflask (glovebox). The mix-
turewasexposedo anultrasonicbathfor 60secin
order to obtain a homogeneoussolution. A
determined amount of the methylalumoxane
[MAO,(CH-ALO),, n=19-21] co-catalyst was
introducedinto a secondSchlenkflask, in which
measured/olumesof the metallocenesolutionand
solvent(tolueneor hexane)wverethenadded After
this mixture hadbeenexposedo anultrasonicbath
to obtainafine dispersionthemetalloceneatalytic
systemwas ready to be insertedinto the polym-
erizationautoclave.

One-step polymerization

The Ziegler—Nattaand metallocenecatalytic sys-

tems were loaded successivelyunder a light

propylene stream. After both catalysts were

chargedandthe injection port sealedbff, measured
amounts(seeTables)of H, (to cut the polypropy-

lenechains)andpropylenewereintroducednto the

autoclave.Polymerizationreactionswere run for

2h at 30-4C°C when the metallocenewas used
alone or at 70°C for either the Ziegler—Natta
catalystaloneor the mixed catalytic systemsThe

polymersobtainedweredriedin a vacuumovenat

70-10CC for 1-2h beforeany characterization.

© 1998JohnWiley & Sons,Ltd.

Two-step polymerization

The Ziegler—Nattacatalyst and half of the total
quantitiesof hydrogenand propylenewere intro-
ducedinto the autoclave.After 1h of polymeriz-
ation at 70°C, the excess of hydrogen and
propylene were discharged.Then, the autoclave
was cooled and the metallocenecatalytic system
and the rest of the propylene(i.e. the other half)
(without H,) were loaded. The polymerization
processvascontinuedat 30-40°C for anadditional
hour.

Polypropylene characterization

The polymersobtainedwerecharacterizedy melt

flow index (MFI) (230°C; 2.16kg), xylene-insolu-
bles (XI), determinedasthe weight percentagef

the polypropylenethat was insoluble in cold o-

xylene,intrinsic viscosity([#]) in tetralinat 135°C

(for polypropyleneproducedby metallocenecata-
lysts) andzero-sheawiscosity ([#0]) (for polymers
producedby the mixed Ziegler—Natta—metalloces

catalytic systems) Shearviscosity of the polymer
melts was measuredusing an ARES dynamic
rheometer (Rheometric Scientific). A parallel-

plates set-up was usedfor the tests. Frequency/
temperaturescan experimentswere conductedin

the temperaturerange 180-240C and frequency
range0.05-1%Hz. Mastercurveswere constructed
basedon the resultsfor a referenceemperaturenf

200°C. Theviscosit éldatawereapprommatedjsmg

the Carreaumodel’’ Zero shearviscosity deter-
mined from the approximation was used for

estimationof themolecularweightof the polymers.
Melting temperatureswere measuredusing a

Perkin-Elmer differential scanning calorimeter
DSC-7.Threeruns (heatlng cooling—heatinat a

rate of 10°C min—* in the range30-19C°C were

performedfor eachsampleof polymer.The second
heating—meltingpeaktemperaturevasusedasthe

melting temperature.

RESULTS AND DISCUSSION

The catalytic polymerization of propylene to

isotactic polypropyleneby CoH4(Ind),ZrCl, (In-

d=indenyl) (1) and Me,Si(Ind),ZrCl, (2) with an
excesof the co-catalystMAO (methylalumoxane)
were performedin the sameexperimentalcondi-
tions (pressuretemperature)as for the Ziegler—
Natta polymerizationof propylenein an autoclave
reactorto obtaincomparablelata.The polymeriza-
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S tion conditions and propertiesof the powdered
- | 88888 |28 isotactic polypropylene obtained are shown in
2l guges |[£8 Table 1. The polymerswere obtainedin the form
we of afine powder which adheredo themixerandto
3 the autoclavewalls, reducingheattransferthrough
~wovon | 85 thewalls andcausingproblemswith the cooling of
%a‘@ wOOIN | 82 thereactionmixture.As aresult,abruptincreases
3/ 7=|°°°°° | 53 the temperatureand pressurein the reactorwere
@ >3 observed.This effect was particularly appreciable
g % 3 whenrelatively large amountsof the metallocenes
8o = kS wereintroducedinto the autoclave(Expts2, 4 and
2 5 5’ BHEN @ § 5). Optimalamountsof metallocenesindmethyla-
s g‘ié Iumoxatnef aIIIowing pro?utlzlti(()jn o:‘j_t'sufficient
£ <3 amountsof polymerin controlledconditions,were
S S3 foundto be between6—7mg for metallocenel and
© ’-‘"_EG §§§§§ 8T 3-4mg for metallocene2, with 1000-2000ng of
2 = £ MAO.
o S
4 s Accurate MFI measurement®f the polymers
= S E obtainedin standardconditions(230°C, 2.16 kg)
2 o o Moo é’ % could not be performeddueto the high flowability
g XS 533888 g of the melts (>500g min~%). Viscosity average
g >0 molecular weight (M,) of the polymers was
Q o Cc g p y
c Q= estimatedusingthe Mark—Houwinkequation(Eqn
Q ™ =5
§ é 0L W© LW gg’ [l])
3 x| doSa< | ES o
sl = g2 ] = KM ]
o S © - d) . . .
7|2 5 Constant$or equation{1] for tetralinsolutionsat
NS = € 1 38,39
51 5| Elowowown!|E£S 135°C, K=0.917x 10" dl g ~ and«=0.8,>
E| g 28 00N |70 were usedfor the characterizatiorof the metallo-
g| 8 c g cene isotactic polypropylenes. The calculated
S| o "D .
8| 5 N molecularweightsM, of themetallocene-catalyzed
5 NE polypropyleneswere in the range33 000-53000
8 O 9B | E3 for 1 and 45 000-65000 for 2, which are much
o cl lower thanthoseof polypropyleresproduceddy the
c () .
§ g% heterogeneousZiegler—Natta system under the
= - °v sameconditions(seebelow).
‘uE‘a e Q7| ennnn |28 Interestingly, increasing concentrationof the
- 22199899 |a¢ llocenesleads to lower intrinsic viscosities
Qs A > metalloce . .
59_, > g 2 (Expts 1 and 2; 3 and 4), i.e. to a decreasen
518 25 molecularweights.Thisis theresultof self-heating
S| % 0Bl monme |3 of the reaction mixture and an increaseof the
IR A polymerizationtemperaturewhich enhanceshe -
°E; 22 g caocoo | £3 hydrogereliminationpathway(Egn[2]). Thesame
3| 5 53 trend, of decreasingmolecular weight of the
o (e} O ’
§' Slos ?g polymers, is observedwhen hydrogenis being
@ ‘g‘ =¥ “(3'@ addedto 3trgge system(compareExpts 4 and 5 in
5| e/ E€g| 7 TNNN I8 Table 1).”~° Furthermore,increasingthe metallo-
5 § Oa % 3 cene concentrationleads to a decreasein the
é 32 xylene-insolublefractions. Assumingthe effect is
hap = beingdeterminedmainly by isotacticity,but not by
— g; xylene-soluble low-molecular-weifpt fractions,
2 5 — o this could be dueto the higherZr/Al ratio, arguing
[ x Lo
~ Wl aaoSb s 2
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Cp
Cp
\® \g? N
M > / \
Cp Cp H x-1
X
Cp (2]
= C,H (Ind), , Me Si(Ind),
Cp

that the lower the ratio the better are the
isotacticities!®2*

It is noteworthythat meltingtemperature§,, of
themetallocengolymersarein therangefrom 134
to 147°C, while the Ziegler—Natta catalysts
produce polypropyleneswith T,, in the range
164-167°C (Fig. la—d). The polymersproduced
by 2 havehighercrystallinity (asestimatedrom the
enthalpyof fusion, AH;), andmeltingtemperatures
thanthoseobtainedwith 1.

Experimentalconditionsfor the polymerization
of propylenepromotedby the mixed Ziegler—Natta
and metallocenecatalytic systems,and the poly-
mers’ properties, are shown in Table 2. For
comparison,results of propylene polymerization
promotedby the Ziegler—Nattacatalystalone are
alsogiven (Expt 6).

The polypropylenes prepared by the mixed
catalytic systemswere obtainedas a mixture of
fine powder and beads.Relative amountsof the
powderfraction diminishedwith a decreasen the
metallocene content in the catalytic mixture.
Analysisof Table 2 allows usto estimatecompat-
ibility between different componentsof both
catalytic systems and their influence on the
catalytic polymerizationprocessand the polymer
propertiesinterestingly all thecomponentsf each
catalytic system have to be present. Thus, for
examplemethylalumoxanensteadof TEAL, does
not act as a co-catalystwith the Ziegler—Natta
catalystin the conditionsstudied andno polymeris
producedExpt 7).

It is noteworthythatthe mechanicalyiscoelastic
and optical propertiesof the polymers obtained
using the mixed catalytic systemin the one-step
process are different from those of polymers
synthesizedseparatelyby each catalytic system
(Ziegler—Natta, metallocene) and then melt-
blended (the differencesamong blend, extruder

© 1998JohnWiley & Sons,Ltd.
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Figure 1 DSC heating curves for metallocene-obtained
polypropylenein Expts1 (a), 2 (b) and 3 (c); polypropylene
obtainedusing Ziegler—Nattacatalystin Expt 6 (d).

Appl. OrganometalChem.12, 401-408(1998)
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g andreactomixturesof polymersfor polypropylene
. § § § § § § § § § 2 preparedby metalloceneand Ziegler—Nattacata-
a S8 IB3888N3S | & lystswill be reportedseparately).
S DA = Introduction of the metallocenecatalyst alone
g ° (without MAO) togetherwith the Ziegler—Natta
2 < system hardly changesthe properties of the
® o 79 33388383 |3 polymerformed(Expts6 and8). However,addition
S| g SEISISIVSRET| 2 of MAO to the Ziegler—Nattasystem(without the
S| £ S metallocene)pr increasingts contentin the mixed
[¢3]
é °§- € catalyticsystem)eadsto anincreasen theMFI and
| g S to adecreasén zero-sheaviscosityof thepolymer,
% Glv ol  2wonndo o 5 i.e. to a decreasdn molecular weight (compare
e | BX2|3'13RBESIEI | Expts6 and10 or 11 and12). This effectis dueto
= 8 the known ability of the co-catalystMAO to break
‘@ = u down the growing polymer chainsresultingin the
o g formation of polypropylenewith lower molecular
3 . Ol OoOoONdHOY© ) . 19244% yp py A !
S Id/N |of¥dwmcco |8 weight=“"""While MAO is not a good starting
I =° e fﬁ =z co-catalysfor the Ziegler—Nattasystem(Expt 7), it
£ § is capableof cutting the polymer chainsfrom the
g 5 g Ziegler—Nattasystemby a chain-transfemechan-
z 2 = g3gl2y2II2 s, ism, allowing these chains to interact with the
5 =3 NH A =g metalloceneandthusproducingaseconddomainin
E E 3 the polymer (seebelow). _
N < Also, addition of MAO to the Ziegler—Natta
§ ® g catalytic system causesa decreasein the Xl
= 5% 5 (compareExpts6 and 10). The effect of MAO on
g S ooNdonN88y | 5 theisotacticity of the polypropylenes presumably
] 8g|oocccoceces | § due to the reversiblecomplexationof the methy-
I sE p lalumoxane(Lewis acid) with the externaldonor
§ % (Lewis base)’ Becauseof suchcomplexation the
£ o5 S latter is unableto deactivatethe lessstereospecific
Tl e & 2 g polymerizationcentersof the heterogeneougieg-
3 g g g R N T ler-Nattacatalyst;~**"*?andtheisotacticityof the
o| @0& S % polypropylenedecreasesThis effect is corrobo-
N fi 23 rated by the fact that decreasingthe MAO
ﬁ Tg 5 29 concentration(Expts 11 and 12) in the mixed
8| S%53 | naannoonm | 3E Ziegler-Nattaandmetallocenecatalyticsystemsor
g S| 5L OOOMEGEHTM | =D increasingthe externaldonor concentratior(Expts
g5 0g £0 13 and14) resultsin anincreasen the isotacticity
% é IS § of the polypropylenesbtained.
N[ g ®g Zero-shearviscosity of melts was used for
= 1N Q
2 gl sl2 dg9gdgggcog|esd estimatiorof themoleculaweightsof thepolymers
2| S|gE 2223822282293 obtainedwith mixed Ziegler—Nattaand metallo-
g = o= cene catalytic systems. Values of the Mark—
RS Yy Yy
3 3 Houwink constants(Eqn [1]) for the melts at
2 < 6 S 200°C were determinedexperimentallyby testing
E= O h
g B8 e o 5 three polypropylenegradeswith known average
S Lx|MAbNCOIONNA | EF molecularweights:580000,340000and250000.
= 2 eeecccecee 88 Zero-sheawiscosity valuesof 84 500, 12 300 and
§ N 22 4500 Pa s respectively, were obtained. The
g o calculated constantsa = 3.5 (in agreementwith
o 29 the theoretical valuef® and K=10"° dl.g %,
o B 29 determinedfor this Ziegler—Nattapolypropylene,
e Gl er*egdyasgy | Ly were usedfor the characterizatiorof the polymers

© 1998JohnWiley & Sons,Ltd. Appl. OrganometalChem.12, 401-408(1998)
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Figure 2 DSCheatingcurvesfor polypropylenepreparedisingmixed Ziegler—Natteandmetallocenecatalyticsystemsn Expts9
(a), 12 (b), 14 (c) and 15 (d). DSC cooling curvefor the polymerobtainedin Expt 15 ().

obtainedusing the mixed catalytic systemsMole-
cularweightsof the polymerswerecalculatedusing
theseconstantsandare presentedn Table2.

The results of the DSC measurementsf the
polymersobtained(Fig. 1 and Fig. 2) allow usto
estimate the combined action of both catalytic
systems during the propylene polymerization
process.DSC first heating thermogramsof the
polymers produced using the mixed catalytic
systemin the one-stepprocessFig. 2 tracesa—d)
show a strong endothermicpeak at about162°C
partially overlappingwith alow-intensityendother-
mic peakat about140°C, which is absentin the
DSC heating thermogramsof polypropyleneob-
tained using heterogeneouZiegler—Nattasystems
alone(Fig. 1 traced). TheDSCcoolingcurveof the
polymershowstwo exothermicpeaks(Fig. 2 trace
¢). Theendothermi@andexothermicpeaksindicate
the co-existenceof two domainswith two crystal-
line phasesThestrongendothermigeaksathigher
temperatureanbe attributedto the melting of the
polymer fraction producedby the Ziegler—Natta
catalystwhereaghe low-temperaturgpeakscanbe

© 1998JohnWiley & Sons,Ltd.

attributedto melting of the polymer producedby
the metallocenesystem.

Apparently, the two catalytic systems,when
mixed, areableto actjointly, producingindividual
polymer fractions. Eachfraction melts on heating
andcrystallizeson cooling at specifictemperatures
and snowsits own separatemelting and crystal-
lization peaks.

Theratio of thetwo differentpolymericdomains
(asindicatedby DSC) canbetailoredby mixing a
large portion of the metallocene (keeping the
metallocene:MAOQO ratio constant)with the Zieg-
ler—Natta system, producing, as expected,poly-
propylenewith higher MFI and lower molecular
weight (Expt 15; Fig. 2 tracesd ande).

The separatiorof the melting peaksdiminishes
on the secondheating,while the high-temperature
peak shifts towards lower temperaturesHence,
there is an interaction and some degree of
miscibility betweenthe crystalline phasesof the
two polymerfractions.Thesefractionsareprobably
being intimately mixed because,while the two
catalyticsystemsactjointly, the polymerproduced

Appl. OrganometalChem.12, 401-408(1998)
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by the metallocene catalyst is at least partly
absorbedn the growing Ziegler—Nattapolypropy-
lenebeds.

The polymerizationof propyleneby the mixed

catalytic systemsin a two-step processshows
similar separatiorof the melting peaksandsimilar
polymerpropertieso the polymersobtainedin the
one-stegpolymerization.

CONCLUSION

Ziegler—Nattaand metallocenesystemscanjointly
polymerizepropylene producingintimately mixed
polymerfractions.Theresultsobtainedn thisstudy
indicate that the metallocene catalyst produces
polymer, partly adsorbedbn the growing particles

of

the Ziegler—Natta polypropylene, allowing

intimate mixing. Polypropyleneproducedby the
mixed catalytic systemcanbe ‘tailored’ by adding
differentcomponent¢MAO, externaldonor)to the
Ziegler—Nattasystemsor by changingthe concen-
tration of the metallocenesystem. Mechanical,
viscoelasticppticalandthermalpropertiefor each

of

the polymers obtainedwill be presentedn a

separateublication.
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