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Abstract

Propylene polymerization has been studied with a use of MgCl2 supported titanium solid catalyst in combination with
triethylaluminium (TEA) and a monoamino- or diamino-dimethoxysilane as an external electron donor. The aminosilanes
having a bulkier amino group, or two amino groups show a tendency to give lower isotacticity and broader molecular weight
distribution of polymers obtained. Specifically the aminosilanes with piperidinyl group(s) were found to be highly isospecific
external donors.13C and1H NMR studies on the mixtures of TEA and di(piperidinyl)dimethoxysilane (DPIP) indicate that
TEA forms a Lewis acid/base adduct through the interaction of aluminum and oxygen atom of methoxy group in the silane
as have been reported in the case of TEA and di(hydrocarbyl)dimethoxysilanes.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

The growing number of industrial applications of
polypropylene to structural materials, particularly in
the fields of automobiles and electric appliances in
a large volume, has been indebted to the efforts for
raising the isospecificity of polymerization catalyst
systems. The combinations of internal and external
electron donors for highly active MgCl2 supported ti-
tanium (solid catalyst) and triethylaluminium (TEA)
catalyst systems are of significant importance in the
stereocontrol polymerization of polypropylenes. Inter-
nal electron donors are supported on the solid cat-
alyst and external electron donors are added in the
polymerization stage with TEA. It has been explained
that the internal electron donors are displaced from
the surface of solid catalyst by the reaction with TEA
and external electron donor’s complex[1,2]. At an
early stage of developing the donors, aromatic mono

acid esters were thought to be excellent for giving
highly isotactic polypropylenes[3]. After the combi-
nation of a phthalic acid diester and a silane compound
as the internal and external electron donors, respec-
tively, has been described in a patent, a quite number
of silane compounds has been studied on their per-
formance in propylene polymerization[4–25]. Further
studies on the external donors have lead to the discov-
eries of tetramethylpiperidine[26,27] in place of the
silane compounds and 1,3-dimethoxypropane internal
donors[28,29] which form highly isospecific catalyst
systems without any external donor. Though the silane
external donors play an important role in improving
isotacticity of polymers, they also influence the cata-
lyst activity, molecular weight and molecular weight
distribution of polymers produced[21,26]. Until now,
the relationships between the structure of the silane
compounds and their polymerization behavior have
been discussed in details by Harkonen et al.[5,13,16],
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and Harkonen and Seppala[7–10]. It has been gen-
erally recognized that hydrocarbon substituents with
an appropriate size and an electron density of oxygen
atoms for hydrocarbyl–hydrocarbyloxysilanes as ex-
ternal donors are required to produce highly isotactic
polypropylenes.

The one category of silane external donors being
active and isospecific catalyst component, includes
di(hydrocarbyl)dimethoxysilanes in which at least one
hydrocarbon group has a secondary or tertiary carbon
directly linked to the silicone atom such asiso-propyl,
tert-butyl, cyclopentyl, cyclohexyl, and phenyl groups.

Examples of those di(hydrocarbyl)dimethoxysilanes
are di(iso-propyl)dimethoxysilane,tert-butyl(methyl)-
dimethoxysilane, cyclohexyl(methyl)dimethoxysilane,
di(cyclopentyl)dimethoxysilane, and di(phenyl)dime-
thoxysilane.

On the other hand, a dihydrocarbyl amino and
cyclic amino groups are structurally similar to
sec-hydrocarbyl groups in a point that the secondary
carbon atom is replaced by the nitrogen atom. The
use of a cyclic aminosilane compound as an external
donor has appeared first in a patent[30] in which
the cyclic amino substituent disclosed is a methyl
substituted piperidinyl group. After that, however, no
detail study on the catalyst behavior of aminosilane
compounds in propylene polymerization has been
reported. In this paper, we report the propylene poly-
merizations with various aminosilane compounds as
external electron donors.

2. Experimental

2.1. Silane compounds

Di(amino)dimethoxysilanes and hydrocarbyl(ami-
no)dimethoxysilanes were prepared by the reaction of
an amidolithium with tetramethoxysilane and hydro-
carbyltrimethoxysilane, respectively. For example, the
synthesis of di(piperidinyl)dimethoxysilane (DPIP)
was carried out as follows.

In a 500-ml flask were placed 80 mln-heptane, and
19.2 g (0.2 mol) of piperidine. Thereo was dropwise
added, from a dropping funnel, 133 ml (0.22 mol)
of a n-hexane solution of 1.66 M of butyllithium
slowly with water-cooling. After the completion of
the dropwise addition, the mixture was stirred at
room temperature for 1 h. Then, 15.2 g (0.1 mol) of

tetramethoxysilane was dropwise added slowly with
water-cooling. After the completion of the dropwise
addition, the mixture was stirred at room temperature
for 6 h. After confirming, by gas chromatography, the
formation of a sufficient amount of intended product,
the mixture was filtered by a G4 glass filter at room
temperature to remove the precipitate. The precipitated
solid on the glass filter was washed with each 30 ml of
heptane three times. The filtrate was subjected to distil-
lation under reduced pressure to sufficiently vaporize
solvent contained in the filtrate, and the resulting liq-
uid was subjected to secondary distillation to recover
an intended product, di(piperidinyl)dimethoxysilane.
The product had a boiling point of 99.5◦C per
3 mmHg and a purity (by gas chromatography) of
96.8%. The yield of di(piperidinyl)dimethoxysilane
was 92.7% based on piperidine fed. The product was
identified by elementary analysis and mass spectrom-
etry. The elementary analysis data of the product
was C= 55.0 wt.%, H = 9.8 wt.%, N = 10.6 wt.%,
respectively (theoretical value: C= 55.8 wt.%, H =
10.1 wt.%, N= 10.8 wt.%).

The purities of di(amino)dimethoxysilanes and hy-
drocarbyl (amino)dimethoxysilanes are listed in the
tables together with catalyst performances.

3. Propylene bulk polymerization

Polymerizations were carried out as follows.
To a 2-l autoclave addedn-heptane solutions of

TEA (2.2 mmol) and a silane compound (0.36 mol),
a n-heptane slurry of solid catalyst (8 mg), hy-
drogen gas (3.6 l), liquefied propylene (1.5 l). The
mixture was stirred for 10 min at 10◦C to perform
pre-polymerization. After that, the autoclave was
heated to 70◦C within a few minutes to perform
main-polymerization for 60 min at 70◦C.

TEA was purchased from TOSOH AKZO Co. The
magnesium chloride supported titanium solid catalyst
(named THC) having the titanium content of 2.0 wt.%
was purchased from TOHO CATALYST CO. LTD.

4. Polymer analysis

Molecular weights (Mn andMw) were obtained by
gel-permeation chromatography analysis on a Waters
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150-CV gel-permeation chromatograph equipped
with a Shodex AT-806MS column using polystyrene
standards sample ando-dichlorobenzene as solvent at
145◦C. Isopentad percents (mmmm%) of polymers
were determined by13C NMR (100.40 MHz) spec-
troscopy (JEOL EX-400) foro-dichlorobenzene/C6C6
(4/1) solutions at 135◦C (scans= 8,000) with TMS
as a standard. The13C and1H NMR (399.65 MHz)
data for the mixtures of a silane compound and TEA
were obtained using C6D6 or CDCl3 as a solvent at
room temperature.

5. Results and discussion

Until now, aminosilanes have been scarcely studied
as external donors for propylene polymerization in
contrast with hydrocarbyloxysilanes. Therefore, to in-
vestigate the structural influence of amino substituents

Table 1
Comparison of catalyst performance for various mono- and bis-amino silane compounds

Run
no.

Silane compounds Activity
ratio

Mw × 10−4 Mw/Mn mmmm
(%)

R1R2Si(OCH3)2 Boiling
temperature
(◦C per mmHg)

GC purity
(%area)

R1 R2

1 iso-Propyl iso-Propyl 86.0/50 98.5 1.00 16.0 5.3 97.4
2 Di(methyl)amino Di(methyl)amino 85.0/100 98.5 0.83 21.7 6.1 97.3
3 Di(ethyl)amino Methyl 55.0/21 97.6 0.82 14.2 4.6 97.3
4 Di(ethyl)amino Ethyl 65.5/20 96.3 0.94 – – 97.4
5 Di(ethyl)amino n-Propyl 69.5/15 97.6 0.92 22.1 5.3 97.8
6 Di(ethyl)amino Di(ethyl)amino 75.0/10 98.1 0.80 12.4 4.7 97.2
7 Di(ethyl)amino Di(n-propyl)amino 83.0/6 96.1 0.68 9.10 6.2 96.9
8 Di(ethyl)amino Di(iso-propyl)amino 105.2/13 97.1 0.71 24.2 10.9 95.7
9 Di(n-propyl)amino Di(n-propyl)amino 86.0/4 97.6 0.54 12.6 6.0 95.1

10 Di(iso-propyl)amino Methyl 72.0/19 98.1 0.58 16.2 6.4 97.0
11 Di(iso-propyl)amino Ethyl 77.0/13 96.8 0.84 15.1 8.1 97.2
12 Di(iso-propyl)amino n-Propyl 66.5/5 96.1 0.79 15.8 9.2 97.3
13 Di(iso-propyl)amino Di(n-propyl)amino 127.2/14 96.6 0.70 20.0 10.4 95.3
14 Ethyl(phenyl)amino Methyl 77.1/2 97.1 0.58 21.5 9.1 97.5
15 Ethyl(phenyl)amino n-Propyl 105.8/3 97.6 0.68 25.1 10.7 97.4
16 Ethyl(phenyl)amino Ethyl(phenyl)amino 152.5/2 99.8 0.52 12.1 9.9 96.6
17 Ethyl(cyclohexyl)amino Methyl 75.2/3 96.7 0.55 23.8 8.9 97.5
18 Ethyl(cyclohexyl)amino n-Propyl 98.2/2 99.7 0.71 23.5 10.7 97.5
19 Ethyl(cyclohexyl)amino Ethyl(cyclohexyl)amino 144.0/2 99.5 0.56 14.2 8.2 96.6
20 Di(phenyl)amino Methyl 130.6/2 98.6 0.29 15.2 11.6 94.0
21 bis(Trimethylsilyl)amino Methyl 94.5/14 98.7 0.95 20.3 12.0 93.7
22 bis(Trimethylsilyl)amino Ethyl 114.5/15 95.3 0.98 15.1 8.3 91.8
23 bis(Dimethylsilyl)amino Methyl 56.1/6 93.5 0.84 26.4 11.9 95.7

Polymerization conditions: propylene bulk polymerization; silane compound/TEA (molar ratio)= 1/6; H2 = 3.6 l; pre-polymerization
= 10◦C, 10 min; main-polymerization= 70◦C, 60 min.

in hydrocarbyl(amino)dihydrocarbyloxysilanes or di-
(amino)dihydrocarbyloxysilanes on catalyst perfor-
mance is very intriguing, corresponding to hydrocar-
bon substituents in di(hydrocarbyl)dihydrocarbyloxy-
silanes.

Table 1 lists the catalyst performances of various
amino(alkyl)dimethoxysilanes and di(amino)dimetho-
xysilanes together with that of di(iso-propyl)dimetho-
xysilane for a comparison purpose. Interestingly,
nearly the same polymer isotacticities (mmmm%)
were observed for di(iso-propyl)dimethoxysilane
(DIP) and bis(dimethylamino)dimethoxysilane (Run
1 and 2). The iso-propyl group is geometrically
similar to dimethylamino group, which has an elec-
tron pair on nitrogen atom being potentially capa-
ble of interacting with a Lewis acid as TEA. The
interaction of an aminosilane with TEA will be dis-
cussed later in the present study by13C and 1H
NMR.



210 H. Ikeuchi et al. / Journal of Molecular Catalysis A: Chemical 193 (2003) 207–215

A group of monoaminosilanes [R′(R2N)Si(OCH3)2;
R′ is methyl, ethyl, or n-propyl group and R is
ethyl, iso-propyl, phenyl, cyclohexyl, trimethylsi-
hyl, or dimethylsiliyl group] gave higher mmmm
values (more than 95%), except for particular
aminosilanes with diphenylamino (Run 20) and
bis(trimethylsilyl)amino (Run 21 and 22) substituents.
It seems that there exists the most preferable total
volume of substituents (R′ and R2N) and the most
preferable angle of C–N–C for R2N to realize catalyst
isospecificities of a higher level. The mmmm values
for di(amino)dimethoxysilanes [(R2N)2Si(OCH3)2]
seem to decrease with a total volume of the two amino
substituents in the following order; (Me2N–)2 ≥
(Et2N–)2 > (Et2N–)(n-Pr2N–) > [Et(cyclohexyl)N–]2
= [Et(Phenyl)N–]2 � (Et2N–)(iso-Pr2N–) > (iso-
Pr2N–)(n-Pr2N–) ≥ (n-Pr2N–)2. The present results
are somewhat fitted by the report[26] that, in the type
of R2Si(OCH3)2 donors, a stereocontrol by the donors
is achieved in the following order R= Me < n-butyl
< iso-butyl = phenyl < iso-propyl. In fact, among
the various diaminosilanes, (Me2N)2Si(OCH3)2 gives
the highest isotactic polymer corresponding to DIP.

Distinct relationships have not been found among
the catalyst activity, molecular weight, and its dis-
tribution for all the external donors. Aminosilanes
show lower activities compared to DIP. Larger

Table 2
Comparison of catalyst performance for various piperidinyl silane compounds

Run no. Silane compounds Activity
ratio

Mw × 10−4 Mw/Mn mmmm
(%)

R1R2Si(OCH3)2 Boiling
temperature
(◦C per mmHg)

GC purity
(%area)

R1 R2

24 Cyclohexyl Methyl 196/760 98.0 0.96 17.3 6.3 96.6
25 Cyclohexyl Ethyl – – 0.80 16.3 4.6 96.7
26 Cyclohexyl Cyclohexyl – – 1.00 26.8 11.2 97.2
27 Piperidinyl Methyl 77.8/19 97.0 0.65 17.1 6.0 97.6
28 Piperidinyl Ethyl 91.0/17 97.6 0.79 16.7 6.4 97.8
29 Piperidinyl n-Propyl 106.6/19 98.7 0.83 16.8 5.2 97.4
30 Piperidinyl iso-Propyl 77.0/15 96.8 0.89 23.1 7.7 97.9
31 Piperidinyl n-Butyl 77.0/3 97.9 0.99 12.5 3.9 97.7
32 Piperidinyl iso-Butyl 71.5/5 97.7 0.75 13.5 4.9 97.6
33 Piperidinyl tert-butyl 67.0/5 99.2 0.93 18.0 6.2 97.9
34 Piperidinyl 1,1,2-Trimethyl-propyl 85.9/4 99.0 1.00 22.0 10.5 97.3
35 Piperidinyl Cyclopentyl 97.7/4 96.1 0.81 22.8 8.7 97.9
36 Piperidinyl Cyclohexyl 101.2/4 97.2 0.58 20.2 8.2 97.5
37 Piperidinyl Piperidinyl 99.5/3 96.8 1.02 20.2 6.0 98.5

Polymerization conditions: propylene bulk polymerization; silane compound/TEA (molar ratio)= 1/6; H2 = 3.6 l; pre-polymerization
= 10◦C, 10 min; main-polymerization= 70◦C, 60 min.

Mw/Mn ratios are observed for the diaminosi-
lanes and the mono amino silanes having bulkier
amino substituents: ethyl(phenyl)amino (Run 14–16),
ethyl(cyclohexyl)amino (Run 17–19), diphenyl-
amino (Run 20), bis(trimethylsilyl)amino (Run 21
and 22), and bis(dimethylsilyl)amino (Run 23)
groups. Broadening of molecular weight distribu-
tion for some donors would be accounted for by
the considerable formation of less isospecific ac-
tive sites together with isospecific ones. For the
donors, [ethyl(phenyl)amino]dimethoxysilane and
[ethyl(cyclohexyl)amino]dimethoxysilane, however,
theMw/Mn ratios are large without reducing polymer
isotacticity.

Table 2shows the catalyst performances of a series
of (piperidinyl)dimethoxysilanes, [(piperidinyl)RSi-
(OCH3)2 and (piperidinyl)2Si(OCH3)2] and some
of (cyclohexyl)-dimethoxysilanes [(cyclohexyl)RSi-
(OCH3)2]. The (piperidinyl)dimethoxysilanes give
higher mmmm values compared with the analogous
(cyclohexyl)dimethoxysilanes (Runs 24–26 versus
Runs 27, 28 and 37), though no substantial differences
have been observed for activity and molecular weight.
All the donors of a series of (piperidinyl)RSi(OCH3)2
have high isospecificity and the values of mmmm are
nearly at the same high level (97.3–97.9%) for the
substituents from R= methyl to cyclohexyl group.
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Interestingly, di(piperidinyl)dimethoxysilane (Run
37) shows the highest mmmm value (98.5%) among
a series of (piperidinyl)dimethoxysilanes, in consis-
tent with the fact that di(cyclohexyl)dimethoxysilane
gives also the highest mmmm value relative to other
(cyclohexyl)dimethoxysilanes. This indicates that the
piperidinyl substituents as well as the cyclohexyl ones
play a determinant role in the formation of stereo con-
figuration of active site.

The largerMw/Mn ratios have been obtained for
di(cyclohexyl)dimethoxysilane and the mono-piperi-
dinylsilanes having the second bulkier substituents,
1,1,2-trimethylpropyl (Run 34), cyclopentyl (Run 35),
and cyclohexyl (Run 36) groups. From these results, it

Fig. 1. The13C and1H NMR spectra of TEA[34] in CDCl3.

is incomprehensive that broaden molecular weight dis-
tribution was not realized by di(piperidinyl)dimetho-
xysilane which is structurally similar to di(cyclohexyl)
dimethoxysilane.

6. NMR study on the mixture of TEA and
aminosilane

The roles of internal and external electron donors
have been often discussed in abundant studies on
MgCl2-supported TiCl4 catalysts for propylene poly-
merization. Since it is quite difficult to identify ex-
perimentally active species of polymerization located

Fig. 2. The1H NMR spectra of DPIP and TEA/DPIP (1/1) complex
in CDCl3.
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on a heterogeneous MgCl2 support, the interaction
of the donors with a central titanium atom of the
active species is not well-understood. In fact, except
for polymerization kinetics, experiments conducted
for the assumptions of the role of each catalyst
component and polymerization mechanism were the
chemical analysis on the reaction mixtures of catalyst
components such as a MgCl2-supported solid catalyst
with TEA, and an external donor with TEA.

Fig. 3. The13C NMR spectra of DPIP and TEA/DPIP (1/1) complex in CDCl3.

The interaction of TEA and a hydrocarbyloxysilane
has been studied mainly by IR,29Si NMR, 13C NMR,
and1H NMR analysis and a Lewis acid base adduct
(Al/Si = 1/1) was identified for the mixture of them at
room temperature[31,32]. In the excess of TEA or at a
high temperature, the silanes undergo exchange reac-
tion to some extent to give ethyl substituted silanes and
hydrocarbyloxy(diethyl)aluminum. Also, it has been
known that an internal donor of the supported catalysts
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is stripped off when contacted with TEA or a mixture
of TEA and the hydrocarbyloxysilane external donor
[33]. From these facts, it is understandable to have the
hypothesis that either the silane compounds external
donor or the TEA/silane compounds complex plays a
role of one of the constituents of the active species.

As shown in the present work, the di(amino)dime-
thoxysilanes are different from di(hydrocarbyl)dime-
thoxysilanes in such a respect that the formers
would be capable of interacting with TEA as a
Lewis acid through the methoxy groups and/or
the amino groups. Furthermore, in the case of the
di(amino)dimethoxysilanes, the exchange reaction
with TEA could occur even at a lower temperature.

Hence, it is quite interesting to study the interac-
tion between TEA and the aminosilanes in order to
understand how it functions as an external donor. At
first, mixtures of DPIP and TEA in different mole
ratios were analyzed by1H NMR spectroscopy us-
ing C6D6 as a solvent, and the three CDCl3 solu-
tions of di(isopropyl)dimethoxysilane (DIP), DPIP,
and [di(isopropyl)di(piperidinyl)]silane (DPIP-DIP)
containing TEA in Si/Al (molar ratio) equal to 1,
respectively, were measured by13C and 1H NMR
spectrometers.

As the 13C and 1H NMR spectra as shown in
Figs. 1–3show peak numbers and patterns for the
mixture of TEA and DPIP are just a sum of the peaks
for each of the component, though the peaks shifted
to some extent depending upon kinds of the protons
for ethyl groups of TEA[34], the piperidinyl rings,
and the methoxy groups. The exchange reaction of
the ethyl groups of TEA and the piperidinyl rings of
DPIP does not seem to have taken place.

The 1H NMR chemical shift of CH2Al versus
DPIP/TEA (molar ratio) was plotted as shown in
Fig. 4 and that for CH3O and CH2–N–CH2 against
TEA/DPIP (molar ratio) as shown inFig. 5. The
chemical shifts of TEA and those of DPIP do not
vary at Si/Al and Al/Si molar ratios >1. These results
indicate that TEA and DPIP forms a complex (1:1)
and that the complex exchanges the coordinated TEA
or DPIP for free TEA or DPIP at a speed that is faster
than the1H NMR time scale.

Table 3summarizes the13C and1H NMR chem-
ical shifts for DPIP, DIP and DPIP-DIP, before and
after complexed with TEA (1:1). Upon the addition
of TEA to DIP, the chemical shifts ofCH3O moved

Fig. 4. Relationships between DPIP/TEA and1H NMR chemical
shifts (CH2Al).

quite a great deal as supported by the report that TEA
forms a complex with a hydrocarbyloxysilane through
the interaction between the hydrocarbyloxy group and
aluminum atom.

Fig. 5. Relationships between TEA/DPIP and1H NMR chemical
shifts (OCH3 and CH2N).
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Table 3
Chemical shifts of various silane compounds with TEA

Silane compounds Chemical shifts
by 13C NMR

Chemical shifts
by 1H NMR

(ppm) δ (+TEAa) (ppm) δ (+TEAa)

[(CH3)2CH]2Si(OCH3)2 (DIP) [(CH3)2CH]2 17.2 −0.3 1.03 0.08
[(CH3)2CH]2 11.2 0.8 1.20 0.04
Si(OCH3)2 50.8 2.7 3.56 0.17

(DPIP) NCH2CH2CH2 45.8 0.1 2.89 0.05

NCH2CH2CH2 27.7 −0.4 1.39 0.10
NCH2CH2CH2 25.5 −0.5 1.54 0.06
Si(OCH3)2 50.2 2.2 3.42 0.15

(DPIP-DIP) NCH2CH2CH2 47.3 −0.1 2.91 0.00

NCH2CH2CH2 27.9 0.0 1.40 0.00
NCH2CH2CH2 25.9 −0.1 1.57 0.00
[(CH3)2CH]2 17.6 0.0 0.95 0.00
[(CH3)2CH]2 12.1 0.0 1.10 0.05

a Si/Al (molar ratio)= 1; solvent= CDCl3.

Almost no change in the chemical shifts were ob-
served for the mixture of TEA and DPIP-DIP. The
interaction between TEA and DPIP-DIP seems to
be difficult presumably because of a steric crowding
around the Si atom by bulky twoiso-propyl groups
and two piperidinyl groups.

On the other hand, in the case of TEA and DPIP,
every chemical shift moved more or less with rather
large changes for theCH3O chemical shifts as ob-
served for the combination of TEA and DIP. This indi-
cates that DPIP also forms a complex with TEA (1:1)
through an interaction with the methoxy groups and
the aluminum atom. Therefore, no exchange reaction
is likely to take place between an ethyl group of TEA
and a piperidinyl group of DPIP.

From the data, it can be concluded that the
piperidinyl group behaves roughly in the same manner
as the hydrocarbyl groups for di(hydrocarbyl)dimetho-
xysilanes. Additionally, from the fact that DPIP, which
is more isospecific as an external donor compared to
di(cyclohexyl)dimethoxysilane, has a similar geomet-
rical structure to latter compound, the nitrogen atoms
in the aminosilanes could form some interaction with

a titanium atom of the active species, bringing up a
much severe steric control of propylene insertion.

References

[1] M.C. Sacchi, F. Forlini, I. Tritto, R. Mendich, G. Zannoni,
Macromolecules 25 (1992) 5914–5918.

[2] M.C. Forte, F.M.B. Coutinho, Eur. Polym. J. 32 (5) (1996)
605–611.

[3] E. Albizzati, U. Giannini, G. Collina, G. Noristi, L. Resconi,
Polypropylene Handbook, Munich, Vienna, New York, 1996,
pp. 22–23.

[4] K. Soga, T. Shiono, Y. Doi, Macromol. Chem. 189 (1988)
1531–1541.

[5] M. Harkonen, J.V. Seppala, Macromol. Chem. 190 (1989)
2535–2550.

[6] T.T. Pakkanen, E. Vahasarja, T.A. Pakkanen, J. Catal. 121
(1990) 248–261.

[7] M. Harkonen, J.V. Seppala, Stud. Surf. Sci. Catal. 56 (1990)
87.

[8] M. Harkonen, J.V. Seppala, Macromol. Chem. 192 (1991)
721–734.

[9] M. Harkonen, J.V. Seppala, Macromol. Chem. 192 (1991)
2857–2863.

[10] M. Harkonen, J. V. Seppala, in: Proceedings of the
Symposium on Polymer Science’91, Tata McGraw-Hill, New
Delhi, India, Polym. Sci. 1 (1991) 235.



H. Ikeuchi et al. / Journal of Molecular Catalysis A: Chemical 193 (2003) 207–215 215

[11] E.A. Maiyer, G.D. Bukatov, A.N. Rasskazov, V.A. Zakharov,
Polym. Sci. 33 (1991) 2353–2359.

[12] P.C. Barbe, L. Noristi, G. Baruzzi, Macromol. Chem. 193
(1992) 229–241.

[13] M. Harkonen, L. Kuutti, J.V. Seppala, Macromol. Chem. 193
(1992) 1413–1421.

[14] C.B. Yang, C.C. Hsu, Polym. Bull. 30 (1993) 529–535.
[15] M. Kioka, N. Kashiwa, J. Mol. Catal. 82 (1993) 11–16.
[16] M. Harkonen, J.V. Seppala, H. Salminen, Polym. J. 27 (1995)

256–261.
[17] C.B. Yang, C.C. Hsu, J. Appl. Polym. Sci. 55 (1995) 621–

626.
[18] S. Talapatra, V.K. Dudchenko, G.D. Bukatov, Angew.

Makrom. Chem. 231 (1995) 61–67.
[19] N. Kashiwa, S. Kojoh, Macromol. Symp. 89 (1995) 27–37.
[20] M.C. Sacchi, F. Forlini, I. Tritto, P. Locatelli, G. Morini, L.

Noristi, E. Albizzati, Macromolecules 29 (1996) 3341–3345.
[21] T. Shiono, H. Hagihara, T. Ikeda, K. Soga, Polymer 38 (1997)

6409–6411.
[22] J.C. Chadwick, G. Morini, G. Balbontin, V. Busico, G.

Talarico, O. Sudmeijer, ACS Polym. Prep. 39 (1998)
188–189.

[23] J.C. Randall, ACS Polym. Prep. 39 (1998) 200.
[24] K.K. Kang, T. Shiono, Y.T. Jeong, D.H. Lee, Korean Polym.

J. 6 (2) (1998) 167–173.
[25] M.C. Forte, F.M.B. Coutinho, Eur. Polym. J. 32 (2) (1996)

223–231.
[26] A. Proto, L. Oliva, C. Pelecchia, A.J. Sivak, L.A. Cullo,

Macromolecules 23 (1990) 2904–2907.
[27] J.C. Chadwick, A. Miedema, B.J. Ruisch, O. Sudmeijer,

Macromol. Chem. 193 (1992) 1463–1468.
[28] V.K. Gupta, M. Ravindranathan, Polymer 37 (1996) 1399–

1403.
[29] G. Morini, E. Albizzati, G. Balbontin, I. Mingozzi,

Macromolecules 29 (1996) 5770–5776.
[30] C.A. Stewart, Himont Inc., EP 410,443A1 (1991).
[31] E. Vahasarja, T.T. Pakkanen, T.A. Pakkanen, J. Polym. Sci.

25 (1987) 3241–3253.
[32] R. Spitz, C. Bobichon, M. Llauro-Darricades, A.J. Guyot, J.

Mol. Catal. 56 (1989) 156–169 (and references therein).
[33] L. Noristi, P.C. Barbe, G. Baruzzi, Makromol. Chem. 192

(1991) 1115–1127 (and references therein).
[34] O. Yamamoto, K. Hayamizu, M. Yanagisawa, J. Organo.

Chem. 73 (1974) 17–25.


	Study on aminosilane compounds as external electron donors in isospecific propylene polymerization
	Introduction
	Experimental
	Silane compounds

	Propylene bulk polymerization
	Polymer analysis
	Results and discussion
	NMR study on the mixture of TEA and aminosilane
	References


