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PrCp Flu ZrCl, with isotactic alternating se-  Me,Si 3-“"BuCp 1-adamantyl amido MMe,
quences. Constrained geometry catalysts were M = Zr or Hf was reported to produce alter-
reported to produce atactic alternating COCs nating semicrystalline COCs with high melting
Ruchatz and Fink 1998 McKnight and Way-  points of about 250°C Harrington and
mouth 1999  Tritto et al. 2000 Moreover Crowther 1998
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Fig.6 Overview of possible norbornene unit sequences in an ethene/norbornene-copolymer

Looking at Fig.7 it is evident that the used
catalyst produces much more isotactic alternating
sequences than syndiotactic alternating sequenc-

es. 2- PhNCH C4H3N 2TIC12 nS-C2B9H11
Zr NEt, , NHEt, -Al'Bu; and constrained ge-

ometry catalysts reportedly produce atactic alter-
nating COCs with nearly equal amounts of isotac-
tic and syndiotactic structure. An exceplion is

Me,Si  3-'" BuCp
ZxCl, which produces more isotactic alternating

sequences than syndiotactic alternating sequenc-

1-adamantyl amido

es like the used catalyst. Thus they seem to
although

the N-adamantyl group is much bigger than the

have the same steric hindrance effect

N-"""Bu group.
The temperature has no influence on the ste-
reoselectivity of the monomer insertion. For all

temperatures more isotactic alternating sequences
are produced than syndiotactic sequences
Fig.8

The catalyst described in this paper was as-

see

sumed to synthesize highly alternating copoly-
but the resulting copolymers did not show
McKnight et al. 1999
The prepared COCs also did not show any crys-
talline sequences
calculated from the experimental triad distribut-
ions. This calculation was performed according
1999
The alternation is shown in Fig. 9 for different
temperatures and different norbornene contents.
The alternation of COCs produced at high
temperature and low norbornene content is lower
than that of COCs produced at lower temperature

mers
any crystalline areas

but the alternation could be

to an earlier publication Wendt et al.
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Fig.7 C NMR Spectrum of an ethene/norbornene copolymer produced by Me,Si 3-“*BuCp N“'Bu
TiClL,/MAO at 90°C and xy = 0.99
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Fig.8 C NMR spectra of COCs by Me,Si 3-“'BuCp N“'Bu TiCl,/MAO
A at30°C xy= 0.26 B at60°C xy= 0.26 and C at 90°C xy= 0.28
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at the same norbornene content. With further in-
crease of the temperature and norbornene content
in the polymer the alternation equal until the
norbornene content is greater than 35 mol-% .
For xy = 0.35 the alternation of COCs pro-
duced at 30°C nearly reaches its maximum. For
COCs produced at 60°C  the alternation increas-
es further and COCs produced at 90°C have the
highest alternation A = 0.77. Consequently
the amount of alternating sequences in the copol-
ymer increases with increasing temperatures if
sufficient norbornene is present.
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Fig.9 Alternation versus molar fraction norbornene
in the copolymer for COCs by Me,Si 3-“" BuCp

N“'Bu TiClL,/MAO at 30°C 60°C and 90°C re-
spectively

Glass transition temperatures

The glass transition temperature 7, is an im-
portant parameter of polymers because it de-
scribes the thermal processibility of the polymer.
The technical relevant T, for COCs lies between
100°C and 250°C  Cherdron et al. 1998
Generally there is a linear relationship between
the T, and the norbornene incorporation Arndt
and Beulich 1998 Rische et al. 1998
However it was lately reported that the T, de-
pends also on the microstructure and not only on
the norbornene content Forsyth et al. 2001
That publication based on earlier results in
which the researchers found that COCs with the
same norbornene incorporation but synthesized
with different aluminoxanes as cocatalyst had dif-
ferent T,s Wang et al. 1997

They ascribed that finding to differences in
the microstructures of the copolymers. Some time

later Exxon researchers showed that stereoregular
alternating COCs have lower T',s than that of co-
polymers with random microstructure with the
content Harrington and
Norbornene blocks were also

same norbornene
Crowther 1998

supposed to increase the glass transition temper-
ature due to an increased stiffness in the copoly-
mer backbone Bergstrom et al. 1997 This
conforms with the observation that the COC pro-
duced at 90°C and xxy = 0.99 where more NN
sequences exist than in other COCs have higher
T, than expected from the norbornene content.

In this study
had almost no influence on the T,s

the polymerization temperature
Fig. 10
and thus on the microstructure of the COCs de-
rived from Me,Si 3-“"BuCp N“'Bu TiCl,/
MAO. The linear relationship between the T,
and the norbornene content is well illustrated by
this catalyst. Although the 7', might be influ-
enced by the microstructure of the copolymers
the linear relationship between 7, and nor-
bornene content is still a good method to quantify
the norbornene incorporation for insoluble E/N
copolymers. Nevertheless every catalyst has its
particular linear relationship between the T, and
the norbornene content hence to quantify the
norbornene content for insoluble E/N copoly-
mers some soluble E/N copolymers produced by
the same catalyst have to be measured to evalu-
ate the linear equation.
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Fig. 10 Ethene/norbornene copolymerizations by
Me,Si 3-“*BuCp N“'Bu TiCl,/MAO at 30°C
60°C and 90°C respectively. Glass transition temper-

ature versus mol fraction norbornene in the polymer
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Molar masses

The molar masses of all copolymers are sum-
marized in Table 2. The molar masses increase
with increasing norbornene fraction in the feed
until xy = 0.6. At higher norbornene fractions
the molar masses decrease. For COCs prepared
at 30°C the molar masses increase from 200 000
to 320 000 then decrease to 76 000 g/mol. In
literature there are some examples where with in-
creasing norbornene content the molar masses
decrease although the opposite trend was ob-
1999 Ruchatz et al. 1998

Recent publications even described the copoly-

served Tran

merization of ethene with norbornene to show liv-
ing or quasi-living character Jansen et al.
2001 2002 Yoshida et al.

2002 . As anticipated with increasing tempera-

Thorshaug et al.

ture the molar masses decreased for example

from 230 000 to 85 000 to 48 000 g/mol with xy
= 0.4.

Table 2 Ethene/norbornene copolymerizations by
Me,Si 3-“'BuCp N*'Bu TiClL,/MAO
at 30°C 60°C and 90°C respectively. Mo-
lar masses determined by viscosimetry and
molar fraction norbornene in the feed xy
N 30°C 60°C 90°C
N M~ g/mol M7 g/mol M7 g/mol
0 insoluble insoluble insoluble
0.2 200 000 81 000 45 000
0.4 230 000 85 000 48 000
0.6 321 000 95 000 46 000
0.8 259 000 62 000 37 000
0.9 100 000 33 000 22 000
0.95 83 000 23 000 20 000
0.99 76 000 28 000 20 000
CONCLUSIONS

The catalyst system Me,Si 3-“"BuCp N'"
Bu TiCl,/MAO showed dissimilar kinetic pro-

files at different polymerization temperatures.
With increasing temperature the time of incuba-
tion decreased but at 90°C the catalyst already
deactivated after five minutes. No deactivation

was observed for copolymerizations at 30°C and

60°C . Accordingly
about the kinetic profiles of the used catalysts.

it is meaningful to know

The increase of the activities with increasing
temperature depends on the molar fraction of

norbornene in the feed however they decrease

for xx—>0 and xy—1. In contrast to other alter-
nating-COC-produced constrained geometry cata-
Me,Si 3-“"BuCp N*“"Bu TiCl,/MAO
produces alternating COCs with mostly isotactic
structures like those produced by Me,Si 3-'"
BuCp ZrCl, . The alter-

nation is influenced by the temperature if suffi-

lysts

1-adamantyl amido

cient norbornene is present in the copolymeriza-
tion. Thus
tained with xy =

alternation up to 0.77 can be ob-
0.99 and at a polymerization
temperature of 90°C . The norbornene incorpora-
copolymerization parameters
and glass transition temperatures are bare-

tion microstruc-
tures
ly influenced by the temperature except for co-
polymerizations with very high molar fraction of
norbornene in the feed xy = 0.99 where with
increasing temperature the norbornene incorpora-
tion increases more alternating and NN se-
quences are observed and the glass transition
temperature is higher than expected. As as-
the temperature has great influence on
the molar masses. Lower temperatures increase

the molar masses intensely .

sumed

EXPERIMENTAL SECTION

Materials

After pre-drying over KOH toluene was
dried by passing through two columns the first
BASF R3-11
the second one with a 4 A molecular sieve.
Ethene 99.8% Linde was purified by pas-
sage through columns containing Cu catalyst

BASF R3-11
Norbornene
with triisobutylaluminium at 55°C and then dis-
tilled. The dry norbornene was dissolved in tolu-

one filled with Cu catalysts and

and molecular sieve of 10A.

Acros was stirred for 36 hours

ene and the norbornene concentration 6-7 mol/
1  was analyzed by 'H NMR spectroscopy .
Methylaluminoxan was purchased from Witco
10 wt-% in toluene and stored as a solid after
removal of all volatiles in vacuum. The catalyst
Me,Si 3-“"BuCp N'“"Bu

sized according to a modified literature procedure

TiCl, was synthe-
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Canich J. A. M. 1997

Ethene/norbornene copolymerizations

For a standard copolymerization a Biichi 11
glass autoclave equipped with an additional cool-
ing system were used as the reactor. The reactor
was evacuated at 95 °C for 1.5 h flushed with
argon and cooled down to the polymerization
temperature. MAO 500 mg or 1000 mg

toluenic norbornene solution were loaded into the

and

reactor which was then charged with toluene to
a total volume of 200 or 400 ml and with ethene
to the desired feed composition. The polymeriza-
tions were initiated by an injection of the toluenic
catalyst solution. During the polymerization the
ethene pressure was kept constant using a pres-
sure controller and ethene consumption was mon-
itored with a mass flow meter Brooks . The po-
lymerization was quenched by addition of 5 ml of
ethanol. The polymer solution was stirred over-
night with dilute hydrochloric acid followed by
separation of the organic phase and washing
three times with water. After concentration of the
the polymer was
filtered
off and dried at 60°C in a vacuum oven until
the weight remained constant.

organic phase by evaporation
precipitated using 400 ml of ethanol

Polymer analysis

Incorporation rates were determined by  C-
NMR spectroscopy. The NMR samples were pre-
200-300 mg
in a mixture of 3. 5 ml perchlorobutadiene

PCB and 0.5 ml 1 1 2 2-tetrachloro-1 2-di-
deuteroethane TCE-d2 and measured at 100°C
on a Bruker Avance Ultrashield 400 with 100.62
MHz. All chemical shifts were referred to the
solvent shift of TCE-d2 at 74.24 x 107°. The

molar masses M, were determined using an Ub-

pared by dissolving the polymers

belohde viscosimeter capillary 530 01 0a K =
0.005 mm®/s’
dissolving 50 mg of polymer in 50 ml of deca-
hydronaphthalene and measured at 135°C . As
the Mark-Houwink constants for the ethene/nor-

. The samples were prepared by

bornene copolymers are unknown all molar
masses were calculated using the values for PE
Landolt-

Bornstein 1976 . Differential scanning calorime-

which were taken from literature

try was performed on a Mettler-Toledo DSC
82le. To eliminate any thermal history the
6 -10 mg were heated to 250°C

samples

cooled at -20°C/min to — 100 °C and heated to
300°C with a heating rate of 20°C/min. The val-

ues of the second run are reported.
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