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Abstract : Copolymerizations of ethylene with 1-octene have been carried out by using two kinds of
metallocene: highly syndiospecific isopropylidene{1-1°-cyclopentadienyl)(1-1°-fluorenyl)dimethylzirco-
nium (MezC(Flui{Cp)ZtMe:, 1} and less syndiospecific {1-fluorenyl-2-cyclopentadienylethane)dimethyl-
zirconium (Et{Flu){Cp)ZrMe;, 2}, in the presence of [Ph,C][B{CsFs)a] as a cocatalyst. The ethano bridged
2 compound of smaller dihedral angle showed much higher activity than the isopropyl bridged 1 com-
pound in the ethylene homo- and co-polymerizations. The catalytic activities of the two catalysts were
enhanced about twice in the presence of a suitable amount of 1-octene in the feed. The two catalysts
showed a noticeable diffexence in the comonomer reactivity. The compound 1 is characterized by lower
re, taken as an index of ethylene reactivity, and higher reactivity of 1-octene than the compound 2.

Introduction

There is a buzz among the producers of polyole-
fins due to a breakthrough in technology-metal-
locene or single-site catalyst-that gives producers
the power to design precise polymers.' Today, the
commercial polyolefins produced with metallo-
cene catalysts are linear low-density polyethylene
(LLDPE), high-density polyethylene (MDPE), and
polypropylene (PP). In 1997, close to 500,000 tb
of commodity polymers worldwide was made
using so called single-site catalysts? Most of this
products were not produced in facilities dedicated
to metallocene, or single-site, catalysts, because
producers could retrofit an existing plant to pro-
duce polyolefins. Single-site catalysts are particu-
larly useful for LLDPE production, which copoly-
merizes ethylene with various ¢-olefin comono-
mers, because the comonomers are incorporated
more uniformly than they are with conventional
catalysts. The resultant polymers have a narrow
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molecular weight distribution (MWD} and predict-
able physical and mechanical properties. Much
development effort has been focused on LLDPE
due to the fact that the comonomer efficiency
advantage is twofold. Firstly single-site catalysts
can easily incorporate o-olefins into the ethylene
polymerization without reaching a plateau in incor-
poration rate. Also, the catalysts place the co-
monomer evenly throughout backbone, no just
in the low molecular weight zone.

Several groups’ * have studied ethylene copoly-
merizations with a variety of c-olefins {Cz-Cig)
using Group 4 metallocene catalysts with methyl-
aluminoxane (MAO). Among the observations
from this earlier work was that ansa-metallocenes
with one or two atoms as bridging groups were
more effective for incorporating comonomer than
the unbridged metallocenes®” An even greater
tendency for the incorporation of higher a-olefins
is evident for the syndiospecific catalyst, isopro-
pylidene(1 -n"-cyclopentadienyl) (1-1°-fluorenyl}
dichlorozirconium (Me;C{Cp}(Flu)}ZrCly) / MAQ. In
summary, the comonomer reactivity and intramo-
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lecular properties of ethylene based copolymers
may be tuned by investigating the role played by:
{i) & ligands- the bridge connecting the two cyclo-
pentadienyl (Cp) ligands and the substituents on
the Cp rings, (ii} o ligands-chlerine, alkyl, amide,
or binaphtol, and (iii) polymerization parameters
such as [Al}/[Zr] ratio, polymerization temperature
(T,), cocatalytic system, and solvent.

Recently some groups™”° studied the effect of
the structural flexibility of metallocene on the syn-
diospecific polymerization of propylene by chang-
ing the isopropyl bridge of MeC(Flul{Cp)ZrCL
compound to C:Hs. The polymers the ethano
bridge metallocene(1-flucrenyl-2-cyclopentadienyl-
ethane}dichlorozirconium (Et{Flu}{Cp)ZrCh) com-
pound produces have higher molecular weights
and broader polydispersities although they pos-
sess lower stereoregularities.*'® In the present
study we have investigated the effect of the bridg-
ing group of syndiospecific alkylzirconocenes,
Me,C(Flu){Cp)ZtMe;, (1) and Et(FluiCp)ZrMe; (2),
on the copolymerization activity and comonomer
reactivity in the presence of triphenycarbenium
tetrakis(penta-fluorophenyl)borate ([PhC][B{CeF;).])
as a cocatalyst. The modification of bridge influ-
ences geometric structure of the metallocene as
shown in Chart 1.'*%

Experimental

All reactions were performed under a purified
argon atmosphere using standard glove box and
Schlenk techniques. Polymerization grade of eth-
ylene (SK Co., Korea) was purified by passing it
through columns of Fisher RIDOX catalyst and
molecular sieve 54/13X. 1-Octene obtained from
Aldrich was purified by distillation over calcium
hydride. Triisobutylaluminum {Al{iBu)s) obtained
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from Aldrich and [PhsCl[B{C¢F5)4] obtained from
Tosoh Akzo Co. Lid. were used without further
purification. Toluene was refluxed over sodium/
benzophenone and stored over molecular sieves
(4A). Syndiospecific metallocene compounds 17
and 2" were prepared according to literature
methods,

Copolymerization Procedures. All copoly-
merization were carried out at 70°C in a 250 mL
round-bottomn flask equipped with a magnetic stir-
rer and a thermometer. In a dry box the reactor
was charged with 80 mL of toluene, 0.5 mM of
Al(iBu)s, 35.0 uM of [Ph:C][B(CsFs)a] and a pre-
scribed amount of 1-octene comonomer sequen-
tially. After pumping off the argon, the tem-
perature of the reactor was raised to 70°C and
then the reactor was pressurized to 1.34 atm
(19.7 psi) with ethylene monomer. When no
more absorption of ethylene into the solvent was
observed, 33.4 uM of metallocene compound dis-
solved in toluene was injected into the reactor
and then the polymerization was started. Poly-
merization rate was determined at every 0.01 s
from the consumption rate of ethylene monomer
which was measured by a hot-wire flowmeter
(model 5850 D from Brooks Instrument Div.) con-
nected to a personal computer through an A/D
converter. Polymerization was allowed to con-
tinue for 20 min, during which time ethylene was
continually added to the reactor to maintain con-
stant pressure. At the end of 20 min, polymeriza-
tion was terminated by precipitation of the reac-
tion mixture in diluted hydrochloric acid in etha-
nol. The copolymer was washed with an excess
amount of ethanol and dried in vacuum at 50°C.
The vapour-liquid equilibrium for ethylene/1-hex-
ene/toluene mixture was calculated from the
Soave-Redlich-Kwong equations.”® This set of ther-
modynamic equations was selected among those
available in HYSIS™ {commercialized by Hypro-
tech Ltd., Ver. 1.2) on the basis of a comparison
with the experimental results. The conceniration
of comonomer was hence calculated.

Copolymer Characterization. Thermal analy-
sis of copolymer was carried out by using Dupont
differential scanning calorimeter (DSC, Model-
900) at 10°C/min heating rate under nitrogen
atmosphere. The crystallinity is calculated from

163



1. Kim et al.

the heat of fusion, {AH/AH/)x100, where AH; is
the heat of fusion of the sample as determined
from the DSC curve, and AH,’ is the heat of
fusion of folded-chain polyethylene (269.9 Jig )2
The density of polymer was estimated by using a
density gradient column according to ASTM D
1505-79.% Compression-molded plaques were
made as follows: polymer, in nascent powder
form, was heaped into the center of a rectangular,
metallic mold. The mold was placed between two
aluminum-foil sheets, sandwiched between two
photographic plates, and backed by two steel
plates. Molding and conditioning were done for
all specimens under ASTM conditions.

3C NMR spectra of copolymers were recorded
and measured at 120°C on a Varian Unity Plus
300 spectrometer operating at 75.5 MHz. Sam-
ples for *C NMR spectra were prepared by dis-
solving 50 mg of polymer in 0.5 mL of benzene-
de/1,2 4-trichlorobenzene-d; (1/5 v/v). Chemical
shifts are referenced to tetramethylsilane using as
a secondary reference the methyl peak of poly-
propylene at 21.8 ppm. A total of 6000 transients
were accumulated for each spectrum with a 12 s
delay between pulses. Decoupling was always on
during acquisition so the nuclear Overhauser en-
hancement was present. The composition of co-
polymers was analyzed according to the standard
test method for the determination of LLDPE com-
position,” and the reactivity parameters were cal-
culated using the died sequence distributions
according to the literature

Copolymers were fractionated by boiling ethyl
ether and n-hexane sequentially by using a Sox-
hlet apparatus for 6 hrs. The intrinsic viscosity was
measured in tetrahydronaphthalene at 135+0.1°C
by using an modified Ubbelohde viscometer.

Results and Discussion

For the copolymerization of ethylene and 1-
octene, the noncoordinative anionic activator was
chosen instead of MAO to aveid the possible ion-
pair effects caused by complicated equilibria be-
tween cationic ziroconocenium ion and MAQ
molecules. It is generally known that the concen-
tration of MAQ influences the activity and stereo-
regularity of metallocene compounds deeply, hence
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the comonomer reactivity in the ethylene/o-clefin
copolymerizations.* With a specific metallocene
at lower MAO concentration, stronger contact ion
pairs are formed. As the MAO concentration
increases, the MAO aggregates are postulated to
become larger, and thereby the cationic species
becomes more separated from the anions. These
MAQ-originated differences in electronic and
steric environments of metal center are responsi-
ble for the variation of catalytic activity and
comonomer reactivity. By using characteristic
[PhC] [B(CeFs)a] activator, these complicated ef-
fects may be avoided.

The rate profiles of copolymerizations obtained
by using 1/[PhsC]{B(CeFs)a] and 2/[PhaC|[B(CsFs)a]
catalysts were shown in Figures 1 and 2, respec-
tively. For the comparison the rate profiles of eth-
ylene homo-polymerizations are included (Figure
1a and Figure 2a). The isopropy! bridged 1/[PhC]-
[B{C¢Fs):) catalyst shows much lower average rate
of ethylene polymerization (R,=0.8x10° g-PE/
mol-Zr hr atm) than ethano bridged 2/[PhC][B-
(CeFs)el catalyst {R,=5.3x10° g-PE/ mol-Zr hr
atm) by about 7 folds. This big difference of the
activity might be understood by considering the
structural features of 1 and 2 compounds. Since

R, x 107 (g-PE/mol-Zr hr atm)

Time (min}
Figure 1. Polymerization rate as derived from ethylene
consumption versus polymerization time plots of ethyl-
ene/l-octene copolymerization initiated by 1/[PhsC]-
[B(CsFs)a] catalyst with [Zr]=33.4 WM, T,=70°C, and
Peene=1.34 atm under different [O]/[E] molar ratio of (a)
0, (b) 0.3, (c) 0.6, (d) 1.0, (e) 2.2, and (f} 4.7.
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Figure 2. Polymerization rate as derived from ethylene
consumption versus polymerization time plots of ethyl-
ene/l-octene copolymerization initiated by 2/[PhsC]-
[B{CsFs)a] catalyst with [Zr]=33.4 UM, T,=70 °C, and
Pemu=1.34 atm under different [O}/[E] molar ratio of (a)
0, (b) 0.3, () 0.7, (d) 1.0, (e} 2.0, and {f) 3.3.

ethano bridged 2 compound has two carbon
atoms in the bridge, the cyclopentadienyl and flu-
oreny] moieties are pushed further away, adopt a
more parallel position. As a result centroid-Zr-cen-
troid angle (o in Chart I) is increased slightly,
while the dehedral angle B is increased quite a lot
{Chart [). Galimberti et al® have studied the
influence of the mi-ligands of the metallocenes: (i)
their symmetry, (i) the bridge between them, {iii)
substituents of the rings, on the activity, stereo-
specificity, regiospecificity and molecular weight
of final polymer. Based on the investigation of the
role played by the bridge connecting the two
indenyl ligands, they conclude that the dihedral
angle (B in Chart I) is most affected, whereas
minor changes are cbserved as far as the other
angles and the bond distances are concerned. A
clear trend was observed for the activity and
molecular weight, i.e. both decreases as [
increases in the ethylene polymerizations by using
various bridged metallocenes containing two
indenyl ligands* This is in good agreement with
our results.

The simple alteration of bridge, hence § angle,
affected the activity of copolymerization (Figures
1, 2, and 3). For both catalysts R, value increases
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[OVE] in the feed
Figure 3. Effect of comonomer concentration on the
average polymerization rate: (a) 1/[PhsC][B(CsF:)] cata-
lyst and (b) 2/[PheCl1[B(CsFs}a] catalyst. The polymeriza-
tion conditions are the same as those in Figures 1 and 2.

considerably in the presence of l-octene. The
highest polymerization rate (R,=3.4x10° g-PE/
mol-Zr hr atm) of 1/[PhsCl[B(CsFs}s] catalyst is
recorded when the feed ratio of 1-octene to ethyl-
ene ([QV[E]) is around 1.0, and the highest rate
(R,=15.7x10° g-PE/ mol-Zr hr atm) of 2/[Ph,C]-
[B(CsFs)a] catalyst when {O)/[E] is around 0.3.
The enhancement of activity in the presence of
higher o-olefin comonomer has already been
reported by many authors®*** One possible
explanation for this activity increase is the grow-
ing number of active center due to the addition of
the w-olefin. This is possible because the rmetal
centers are not all active for the homopolymeriza-
tion. Another possibility is that the propagation
rate constant of the insertion step rises by the
addition of a-olefin.”® Recent works were done
with 1-octene addition to change the rate of ethyl-
ene consumption in ethylene/1-octene copolymer-
ization. The result showed that the rate enhance- -
ment seemed to depend on the heterogeneity of
the polymerization:""! no rate enhancement occur-
red when the polymer was soluble in the reaction
medium. With the present sterecrigid catalyst sys-
tems, the rate enhancement effect of l-octene
may be mainly from relieving diffusion limitation
due to polymer becoming soluble in the reaction
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Table 1. Monomer Sequence Distributions of Poly{ethyleneco-1-octene)*

Cat. [0] OO0 EOO OEO EOE EEQO EEE EE EO OO O E red red re<re
mol% in OO0E OEE OE
feed

1 231 - - - 261 446 9290 9520 4.84 0 242 9760 1270 - -
37.2 - - 0.89 390 687 R34 9177 8123 0 4,12 9588 1321 - -
49.6 - 048 198 649 872 8233 8669 13.07 024 6.78 9322 13.05 0.037 048
68.5 - 1.28 314 13.64 15.18 66.76 7435 25.01 0.6¢ 13.15 86.85 12.93 0.024 0.31
826 131 276 993 2031 1924 47.76 56.07 41.24 269 2331 76.69 1291 0.027 0.35

2 231 - - - 114 187 9699 9792 208 0 104 9896 2828 - -
40.2 - - 286 349 93.65 9539 461 0 231 9769 2782 - -
50.4 - - - 402 568 9030 93.14 6.86 0 343 9657 2715 - -
66.5 - 04z 092 6.81 824 8361 87.73 1206 021 624 93.76 2888 0018 0.52
86.9 - 148 3.19 862 1232 7439 8055 1871 0.74 10.10 8990 28.66 0.024 0.69

“ [E] in the feed is 9.4x10" M and other polymerization conditions are the same as those in Figure 1 and Figure 2.
® The r: and ry; values calculated by Finemann-Ross plot are 12.86 and 0.040 for 1/[PhsC][B{CsFs)4) catalyst and the re

and ry values of 2/[PhsC][B{CsFs}.] catalyst are 28.45 and 0.017.

medium, because during the polymerization rises
to the maximum rate, a pronounced change in
the viscosity of solvent was observed. However,
the incorporation of l-octene into polymer chain
changes the linear chain to branched chain, the
latter enhances the solubility of the polymer in tol-
uene. In this way the diffusing limitation is re-
lieved to a certain extent.

The acceleration of polymerization rate in the
presence of 1-octene may also be related to the
perturbations of the ion pair at the active site. 1-
QOctene can function not only as reactants but also
as ligands at the active site and in such a role
serve to reduce the extent of interaction of the
cationic zirconium center and the noncoordina-
tive counterion. Ligand effects derived from the
presence of comonomer have already been pos-
tulated for specific vanadium catalysts**

B“C NMR spectroscopy analyses were con-
ducted with the resulting copolymers to determine
the microstructure and the incorporation of 1-
octene into the polymeric chain®' The monomer
reactivity ratios were estimated from “C NMR
spectra using the following equations®

[0O]1xX
[EO]

[EE] -
=iEopxx T o7
where [EE], [EO] and [OO] denote diad sequen-
ces distributions in the copolymers and X is the
concentration ratio of [E]/[O] in the feed. Table 1
shows the relative amount of triads sequence, the

E
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incorporation percentages of [0O] and the reactiv-
ity ratio with varying [O] in feed. As [O] in the
copolymer increases, l-octene unit becomes
closer and even QOO triad sequence appears in
the spectra of copolymer especially in the case of
1/[PhaClB{CsFs)al catalyst, which shows much
higher comonomer reactivity than 2/[PhC][B-
(CsFs)a] catalyst. Figure 4 gives a direct compari-
son of comonomer reactivity of the two catalysts.
When [O)/[E] ratio in the feed is 4.7, [O)/[E] ratio

25
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Figure 4. The amount of 1-octene in the feed ([Ol;, wea)
versus l-octene content in the copolymer ([Oly copoiyme:)
plots: {a) 1/[PhsC][B{CsFs)a] catalyst and (b) 2/[PhsC]-
[B(CeF:}4] catalyst.
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in the copolymer is 0.3 for 1/[PhsC)[B(C:Fs)4] cat-
alyst, but when [O)/[E] ratio in the feed is 3.3,
[OV/[E] ratio in the copolymer is only 0.1 for 2/
[PhsC][B(CsFs)s] catalyst. As a result, the former
catalyst shows lower r= and higher ro values than
the latter catalyst at the same copolymerization
conditions.

The flucrenyl ligands have a stronger electron
donating effect with respect to cyclopentadienyl
and indenyl group. An electron donating effect
brings about a stabilization of the cationic nature
of the transition metal atom and enhanced polar-
ization of the metal-carbon bond. This situation
could be in favor of an enhanced reactivity of the
1-octene, more polarizable than ethylene. It is,
however, surprising that a simple modification of
the bridge, which is not expected to change the
polarizability of the metal-carbon bond of the two
compounds, brings about a noticeable influence
on the rz and rp values. Since 2/MAQ catalyst
resembles very much a multi-site system other
than 1/MAO catalyst, 2/MAO catalyst produced
syndiotactic polypropylene having much lower
[rrrr] pentad values than 1/MAOQO catalyst at the
similar polymerization conditions.® The lower ste-
reoregularity of 2 is expected to be caused by the
larger centroid-Zr-centroid angle (o), hence by
the smaller p angle. The lower probability of -
agostic interaction that is caused by the increase
of o angle and an increased structural flexibility of
the catalyst framework explains the lower stereo-
regularity of 2 compound. The structural differ-
ences between the two compounds seem to be
the main factor bringing about the noticeable dif-
ference of the reactivity of 1-octene. The distribu-
tion of the l-octene along the macromolecular
chain, investigated through the product of reactiv-
ity ratios, rexro, is also dependent upon the modi-
fication of the bridge. Even though both catalysts
are characterized by alternate distribution {rexro
<1) of the comonomer units, copolymerization
with less alternate distribution of the comonomer
is developed by increasing the p angle of the zir-
conocene compounds containing cyclopentadie-
nyl and fluorenyl moieties by the modification of
the bridge.

The DSC curves for the copolymers obtained
using the two catalysts with the same concentra-
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Figure 5. DSC curves of polyethylene (a) and poly{eth-
ylene-co-1-octene] produced by 1/[PhsCl{B(CsFs)s] cata-
lyst with different [O)/[E] ratio of {b) 0.3, {c} 0.6, and (d)
1.0

tion of 1-octene in the feed are shown in Figure 5
{1/[PhsC][B(CsFs)a]) and Figure 6 (2/[Ph,C][B-
{CsFs)al). It can be seen that the shape of the
curves is different for the two catalysts. The curves
obtained by 1/[PhsC][B{C¢Fs)s] catalyst become
broader as [O)/[E] ratio in the feed increases and

M
{e)
{d)
©

(b

;

(@)

= Endotherm

90 100 110 120 130 140 150
Temperature (°C)

Figure 6. DSC curve of polyethylene (a) and poly{ethyl-
ene-co-1-octene) produced by 2/[PhsCi[B(CsFs)d cata-
lyst with different [Q)/[E] ratio of {b) 0.3, (¢) 0.7, (d) 1.0,
(e) 2.0, and (f) 3.3.
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show no melting peak at the high feed ratio of
[OJ/IE]. The melting point (T,,} of the copolymer
also decreases markedly with the increase of 1-
octene in the copolymer. The DSC curves obtain-
ed by 2/[PhsC][B(CeFs)4] catalyst become broad-
er with the increase of [O)/[E] ratio in the feed,
but shows melting peak even when [O)/[E] ratio is
3.3. The difference of melting behavior according
to the [Q)/[E] ratio in the feed must be come from
the different reactivity of 1-octene of the two cata-
lysts,

The broadening of the curve and the appear-
ance of shoulder peak found for both catalysts at
high content of 1-octene can be due to factors like
different size of crystals and imperfections in the
crystalline lattice. The presence of the comono-
mer in the main chain of polyethylene produces
branching that changes the size of the crystals and
decreases the crystallinity (.). The less branched
molecules, formed by more stable crystals and
containing thicker lamellae, will crystallize at
higher temperatures and the more branched pop-
ulations at the lowest temperature. According to
some recent reports™ concerning the crystalliza-
tion of homogeneous ethylene copolymers, these
polymers show a broad range of structures from
highly crystalline, lamellar morphologies to a
granular morphology of low crystallinity copoly-
mers, thus show a broad range of melting temper-
ature. In the density range from 910 to 890 kg m®

these copolymers are claimed to present a mixed
morphology of small lamellae and bundled crys-
tals. At densities below 890 kg m” no lamellae or
spherulites are existing any more and only fringed
micelles or bundled crystals are present. By con-
sidering the data in Table I and Figure 5 and Fig-
ure 6, it can be said that poly(ethyleneco-1-octene)
becomes almost amorphous when [Ol, cpoyme 15
above 10 mol%.

Table Il summarizes the properties of resulting
copolymers obtained by using the two catalysts.
Both T.. and X, values of the copolymers decrease
sharply with the increase of [(] in the copolymer.
The 1-octene in the copolymer results in the for-
mation of hexyl branches. It is well known that the
hexyl branches cannot be accommodated in the
crystal lattice. Thus, the increase of 1-octene con-
tent of the copolymer decreases the density of
the copolymers. The relationship between density
and [O] in the copolymer is also shown in Figure
7. It is interesting to note that the density of the
copolymers obtained by both catalysts is on the
same regression line. The linear relationship from
log [Olin copotmer vs. density plot could be expressed
as the following equation in the [Ol; cpoymer
range between 1.0 and 30 mol%:

Density=0.952-0.059 log[ O} copotymer

However, this equation is somewhat misled
because the relationship between l-octene con-

Table 11. Characterization and Fractionation of Poly(ethyleneco-1-octene)

&

Cat.  [Olosee [Olin copotgmer T x° [l Density Fractionation {wt%)
(mol%) (mol% ) {"Cl (%) (gfem?) Ether  Hexane® Residue

1 0.0 00 1335 523 053 0.9669 0.0 17 986
231 242 1185 374 0664 09284 00 110 89.0
372 412 1118 27.3 0.681 0.9157 - - -
496 6.78 106.2 18.8 0.708 0.9095 234 36.2 40.4
68.5 13.15 n.d n.d 0.607 0.8825 - - -
826 23.31 nd n.d 0.558 0.8690 71.0 184 10.6

2 0.0 0.0 1355 58.4 0.788 0.9632 0.0 0.3 99.7
231 1.04 1294 552 0.728 0.9461 0 0.6 994
40.2 2.31 128.8 46.5 0.585 0.9302 - - -
504 343 125.2 40.0 0.571 0.9248 - - -
66.5 6.24 1219 30.2 0.560 0.9098 - - -
76.9 10.10 108.6 1.2 0.484 0.8903 321 447 23.2

“Crystallinity calculated on the basis of folded chain polyethylene crystal,

b N . . .
Intrinsic viscosity measured by viscometry.

“Fractions of copolymer soluble in each solvent and the residue fraction.
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Figure 7. [0}, cpoiyme Versus density of copolymer plot.

tent and density can also be affected by the
molecular weight of the copolymer”®

Table Il shows the molecular weights (as intrin-
sic viscasity, [n]) of polyethylene and poly{ethyl-
ene-co-1-octene). ¥C NMR spectra of polymeric
products produced by the two catalysts of this
study indicate that B-hydride elimination is the
only significant chain transfer pathway, as usually
found in the metallocene compounds. Therefore,
the molecular weight of the polymer is controlled
by the relative rates of two competing processes,
B-hydride elimination and olefin insertion. As
shown in Table II, the molecular weight of poly-
mer produced by 2/[PhC][B(CeFs).] catalyst is
higher than that produced by 1/[PhC][B(CsF5)s]
catalyst by about 1.5-fold. If we consider that 2/
[PhsC)[B{CeFs)a] catalyst shows higher catalytic
activity than 1/[PhsC][B(C¢Fs)4] catalyst by 7-fold,
the former catalyst is characterized by higher val-
ues of both insertion rate and p-hydride elimina-
tion rate than the latter catalyst.

In the presence of 1l-octene, the two catalysts
show quite different behavior in molecular weight.
In the case of 2/[Ph.C][B{CsFs)a] catalyst, the
molecular weight of copolymer decreases monot-
onously with the increase of {O] in the feed. The
B-hydride elimination seems to be accelerated
when the content of l-octene incorporated is
increased, because the B-hydrogen in 1-octene is
more labile than in ethylene. The chain transfer

Korea Polym. J., Vol, 7, No. 3, 1999

reactions accelerated by the presence of 1-octene
is not so significant in the case of 1/ [PRCIB(CsF5)s]
catalyst, especially when the content of 1-octene
in the copolymer is low (say, [Oln copoime<6.78).
The molecular weight of copolymer increases
slightly at lower [Oli: copoymer.

Table Il also summarizes the fractionation re-
sults of polyethylene and representative copoly-
mers. The ethylene homopolymers produced by
the two catalysts are insoluble in boiling ether and
almost insoluble to boiling hexane. This is the
case for the copolymers containing a small
amount of 1-octene in the main chain, however,
the boiling ether and hexane soluble fractions
increase as [Oly copoymer iNCreases, demenstrating
that the copolymers become compositionally het-
erogeneous. The copolymer containing a large
amount of 1-octene, say [Oln copoimer=23.31 mol%,
is largely soluble in boiling ether. The increase of
solubility is clearly due to structural defects pre-
sent in amounts comparable to or more than one
defect per lamellar thickness, i.e., several mol%.
The decrease of molecular weight of polymer
should be another facter to increase the solubility.

Conclusion

Copolyrnerizations of ethylene with l-octene
were carried out by using two kinds of metal-
locene: highly syndiospecific MeC(Flu}{Cp)ZrMe;
(1) and less syndiospecific Et{Flu}{Cp}ZrMe {2),
in the presence of [PhyC][B(CsFs}a] as a cocata-
lyst. The simple modification of bridge from MaC
to Et affects mainly the dihedral angle {§§ in Chart
I) of the compound, whereas minor changes are
expected as far as the other angles and the bond
distances are concerned. The ethano bridged 2
compound of smaller B angle showed much
higher activity than 1 compound in the both
homo- and co-polymerizations. The catalytic ac-
tivity of the two compounds was enhanced about
twice when a suitable amount of l-octene co-
monomer is present in the feed.

The copolymerization of ethylene with 1-octene
revealed a noticeable influence of the bridge, and,
hence of the § angle on the relative reactivity of
the l-octene. ¥C NMR analysis of copolymers
showed that the compound 1 of larger f angle is
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characterized by lower r: value and higher reac-
tivity of 1-octene. As a result the bridge affects the
distribution of the 1l-octene along the copolymer
chain, investigated through their product of reac-
tivity ratios, rexro. The properties (T, and density)
of copolymers seems not to be affected by the
type of bridge of the metallocenes, and substan-
tially depend only on l-octene content in the
copolymer.
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