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Abstract

IR spectroscopy has been used to study the interaction of silica with R{NE&nd B(GFs)s (B) and subsequent interaction of the
support SiQ/[N + B] with dimethylzirconocene MgSi(2-Me-IndyZrMe, (“Zr"). The data were obtained on the composition of the surface
compounds appeared at both stages of catalyst synthesis.

It has been shown that (B) and (N) interact with OH groups of silica to form ionic paiNRk] " [(CeFs)3:B—O—Si=]~ (IP-1). Cation
fragment of this pair contains highly reactive-N bond with a.b. at 3230 cm. It has been found that-N\H groups in a part of IP-1 complexes
react with neighboring OH groups of silica by hydrogen bonding that gives complexes IP-2. It has been shown that “Zr” complexes interact
both with complexes IP-1 and IP-2. As “Zr” reacts with IP-1, zirconium ionic complexes IP-3 containitMeZbond are formed on silica.

These complexes are suggested to be the precursor of the polymerization active sites. The reaction of “Zr” with IP-2, most likely, produces
surface zirconium compound containing ne-Ete bonds and inactive for propylene polymerization.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction One of the methods to synthesize of MAO-free sup-
ported metallocene catalysts has been patented by Exxon
Metallocenes when used in combination with suitable Chem. Co. [10]. According to this patent and Refs.
activating agents (polymethylalumoxane (MAQO) or perflu- [11-15,24,25]supported ionic pairs are formed at the treat-
oroarylborate activators (FAB)) are extremely active cata- ment of silica with alkyl aniline andris-pentafluorophenyl
lysts for alkene polymerizatiofil,2]. The studies of ho-  boron followed by supporting of dimethylzirconocene
mogeneous metallocene systems proved that dimethyl zir-(Scheme L
conocene derivatives react with MAO or FAB to produce The composition and structure of surface species
ionic pairs of composition ([CjZrMe]"[B(CgFs)4]~ or [HNR3]T[(CsF5)3BOSKE] ™ has been investigated by IR and
[Cp2ZrMe]T[Me-MAO] ) [3—6], which are assumed to be multinuclear solid-state NMR spectroscopigst]. It has
the precursors of the active sites at polymerization. been shown that the unique [HNR [(CeFs)3BOSE] ~ frag-
Supported metallocene catalysts are considered the mostents are formed at highly dehydroxylated silica, whereas
promising for practical applications. Common approach to two sorts of surface sites: free silanol groups and ionic species
synthesize these catalysts consists in supporting metallocengHNR3] " [(CsFs)3BOSEE] ~ are formed at lower dehydroxy-

complexes on silica modified with MAQY—9]. lated silica.
IRS and solid-state CP-MASC NMR studieg25] con-
* Corresponding author. Fax: +7 3832 344687. firm that zirconocene (Cp*ZrMg reacts primarily with the
E-mail addresspanchenko@catalysis.nsk.su (V.N. Panchenko). surface anilinium cation as it shown 8theme 1
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Scheme 1. Proposed scheme of MAO-free supported cafay4tl]

In the present work, we have used FTIRS in diffuse re- 2.2. Synthesis of catalyst
flection (DRIFT) modes in more detail to study the reac-
tion of silica with PhNEt and B(GFs)3 and subsequent Support SiQ/[NEt,Ph/B(GFs5)3] was treated with
reaction of the support obtained with dimethylzirconocene toluene solution of zirconocene M®i(2-Me-IndpZrMe,
Me,Si(2-Me-IndpZrMe,. DRIFTS is very effective method  adjusting molar ratios of Zr:OH = 1.25, 0.7 and 0.4 at room
for study of real catalyst samples in powder form. In this temperature. The suspension was agitated for 0.5 h, the cat-
case, the same catalyst samples are used both for polymeralyst was washed out with toluene four times and dried in
ization and study of the surface species by DRIFTS. So it vacuum at room temperature.
is more reliable way to consider the correlation between
data on the surface species and activity at polymerization2.3. Studies of chemical composition of supports and
and analyze the effect of preparation details on the surfacecatalysts
species and activity. We have studied the composition of the
surface compounds formed at both stages of catalyst forma-2.3.1. DRIFT study
tion by means of DRIFTS mainly. The data on the catalyst The samples of supports and catalysts in a form of dry
performance in propylene polymerization are presented aspowders were placed into a special cell for DRIFT measure-
well. ments under vacuum. The DRIFT spectra are presented in a

form of Kubelka-Munk functiorj16]:

2
2. Experimental F(R) = A-R7 (1)
2R
The experiments were performed using the “break seal” whereR s the reflection coefficient.
technique. The DRIFT spectra were recorded on a Shimadzu FTIR-

Me,Si(2-Me-IndyZrMe;, PhNEp, B(CgFs)3 and SiQ 8300 spectrometer with DRS-8000 diffusion attachment in
(MS Davison 952, specific surface area 3Hgnpore vol-  the 400-6000 cmt range with a resolution of 4 cn.
ume 1.8 crd/g) were donated by Exxon-Mobil.
2.3.2. IRS study (transmission mode)
2.1. Synthesis of support The silica powder was pressed into tablets (mass typically
p = 10-15mg/crA). The silica tablet was heated in air at
The measured Sample of silica was heated in air at600 500°C for 1h, then p|aced in a Specia| cell and dehydrox-
for 3h, then placed into a quartz ampoule and dehydrox- ylated at 800C for 1 h at a pressure below2 10-2 Torr.

ylated in vacuum at 800C for 3h. In some case, sil-  Dehydroxylated sample was cooled to room temperature and

ica was dehydroxylated in vacuum at 400 or 6Q0for treated as described below. The samples obB(CsFs)3

3h. and SiQ/PhNEp were produced by treating of silica tablets
SiO,/B(CeFs)3 and SiQ/PhNEp samples have been pre-  wiith toluene solutions of B(§Fs)s (molar ratio of B:OH

pared by treating of silica with toluene solutions of BEg)3 = 40) and PhNEt (molar ratio of N:OH = 40), respec-

(molarratio of B:OH =1.2) and PhNf(molar ratio of N:OH tively.
= 1.2), respectively. The suspension was agitated for 1h at  The sample of Si@[PhNEw/B(CsFs)s] was prepared as
room temperature and then washed out with toluene and driedfollows. The silica tablet was treated with toluene solution of
In vacuum. _ NEt;Ph (N:OH = 40) for 30 min, then the toluene solution of
SiO/[PhNEb/B(CeFs)s] sample has been synthesized as B(CgFs); (B:OH = 40) was added. After 30 min the solution
following. Silica was treated with toluene solution of PhNEt  was decanted and the tablet washed out with toluene three
(molar ratio of N:OH = 1.2) at room temperature. The sus- times and dried under vacuum. Then the IRS measurements
pension was agitated for 1h, then Bf&)s was added to  \vere performed.
adeSt B:OH=1.2. The SUSpenSion was agitated for 1 h, then The Samp|e S|QBC|3 has been prepared by treatment of
washed out with toluene four times and dried in vacuum at sjlica with BCk (0.4 atm BC}) into the cell. The tablet was
room temperature. kept in BCk at 400°C for 0.5 h, then the cell was vacuumed
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to 2-x 102 Torr at 400°C. Then the treatment of the sample
by BCls was repeated.
The IR spectra were recorded on a Shimadzu FTIR-8300 20 -
spectrometer in the 400-6000 chrange with a resolution
of dcm 1,

3745

2.4. Studies of chemical composition

F(R)

The content of aluminium and boron in the samples have 101

been determined by means of inductively coupled plasma-
atomic emission spectrometry (ICP-AES) as described in
[17].

2.5. Polymerization 0 . : ; ; . : . ,
2700 3000 3300 3600 3900

. . -1
The catalysts were tested in propene slurry polymeriza- Wavenumber,cm

tip_n in a steel autocl_ave (2.0L) under the following con- Fig. 1. DRIFT spectra of (1) Sig800), (2) SIG(B00)/B(GFs)s. (3)
ditions: catalyst loading 0.03-1g, heptane (250 mL), tem- sio,(800)/ExNPh and (4) Si®800)/EbNPh/B(GsFs)s.
perature 70C, propene pressure 4 bar, co-catalyst Al(i-Bu)

(0.72 mmol/L), 2 vol.% of H, polymerization for 30 min.
The intensity of a.b. at 3745 cm also slightly decreases
after treatment of silica with PhNE(Fig. 1, spectra 1 and 3).

3. Results and discussion Broad and little intensive a.b. with a maximum at 3640¢ém
(hydrogen-bonded SDOH groups) are appeared. Besides, the

3.1. The study of silica interaction with B{Es)3 and spectrum displays a set of a.b. at 2700-3100tmange,

NEtPh characteristic for €H stretching vibrations in Et and Ph

groups and toluene molecules. These results suggest that

First we have studied the interaction of silica dehy- PhNEp adsorbed on silicafails to react efficiently with termi-
droxylated at 800C with individual FAB components nal OH groups. Only insignificant part of OH groups forms
((B(CgFs)3 and PhNEY). Fig. 1 presents the DRIFT spec- surface compounds due to hydrogen bonding. However, even
tra of SiG/B(CsFs)3 and SiQ/PhNER samples. low-efficient reaction of NEAPh with OH groups seems to

Small decrease of intensity of a.b. at 3745¢nftermi- weaken the SiGH bond and thus facilitate subsequent reac-
nal S-OH groups) and appearance of the broad a.b. at 3720tion of silanol group with borate.
and 3640 cm’ are observed after treatment of silica with After successive treatment of silica with PhNEind
B(CsFs)3 (Fig. 1, spectra 1 and 2). These new bands are at- B(CsFs)3 the a.b. at 3745 cmi disappears while new a.b.
tributed to hydrogen-bonded OH groups resulting from the at 2800-3100, 3150, 3230, 3550, 3640 and 3690'cap-
reaction of terminal SiOH groups with fluoroaryl groupsin  pear Fig. 1, spectrum 4). a.b. at 2800-3100chcan be
B(CsFs)3. Besides, the DRIFT spectrum of SiB(CgFs)3 attributed to the stretching vibrations of-8 bonds in or-

sample contains a set of a.b. at 3100-2700trange, origi- ganic molecules. a.b. at 3500-3730¢nare characteristic
nating from stretching vibrations of@ of toluene usedasa for stretching vibrations of hydrogen-bonded-&H groups
solvent. According to the data of chemical analy$eile J), originated from the reaction of terminal OH groups with the

boron content in SiglB(CgFs)3 is very low (0.07 wt.%) that ~ adsorbed molecules.

agreed with insignificant decrease of intensity of the a.b. at  The presence of a.b. at 3150 and 3230¢rim the spec-
3745cnt!. The chemical analysis and DRIFTS data allow trum of SiQ/[PhNEb/B(CgFs)3] is of key importance in the
suggestion that B(§Fs)s is fixed on the support surface ow- context of the present study. According to R¢2-22,24]

ing to hydrogen bonding of SOH and fluoroaryl groups. these bands can be attributed te\ stretching vibrations
Table 1

Data on boron content in the samples S0

No. X B (wmol/g) (wt.%) [OH]/[B] Zr pmol/g (wt.%) [OHF/[Z1] [zr)[B]

1 BCl3 364 (0.4) 1.04 - - -

2 B(CsFs)3 63.6 (0.07) 5.98 - - -

3 PhNE} + B(CgFs)3 210 (0.23) 1.8 - - -

4 PhNE} + B(CFs)3 + Zr 210 (0.23) 1.8 198 (1.8) 1.92 0.94

@ OH groups content in initial silica calculated according to IRS data iqu386l/g [18].
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in a surface species formed at interaction 6f@H groups
with PhNEp and B(GFs)s. a.b. at 3230 cm! is specific
for the stretching vibrations of unperturbed-N bond in

a surface complex [H-N&*[A] . The appearance of a.b.
at 3230 cm! in IR spectra was observed after treatment of
silica with PhNE$ and B(GFs)3 in [24]. Data presented in
[24] and our dataKig. 1) evidence clearly on the formation
of ionic pair (IP-1) via reaction (2):

=Si—OH + EttNPh+ B(CgFs)3

— [=Si-O-B(CgFs)3] [H-NEtPhJ*
(IP-1)

)

A.b. at 3150 crm! most likely originates from stretching vi-
brations of N-H bond from [H-NR]™, that is hydrogen-
bonded to silica OH groupsN—H. . .O(H)-SiE) (IP-2, re-
action (3)). Then a.b. at 3550 cthcan be attributed to OH
stretching vibrations in IP-2:

==Si—OH + EupNPh + B(CgFs)3

—Si—OH

—> —Sl—O—B(C6FgZ| |: NEtzli|

—Sl—O—
(IP-2)

The data on the boron contentin SIPhNEL/B(CgFs)3]
sample confirm this suggestioiiable ). Indeed, succes-
sive treatment of silica with PhNEtand B(GFs)s results
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Fig. 2. Different DRIFT spectra of samples Si{@d)/NEtPh/B(GsFs)3 de-
hydroxylation temperature of silica: (1) 40G, (2) 600°C and (3) 800C.

and a.b. at 3150 and 3550 ctfrom the surface compound
(IP-2). The intensity of a.b. at 3230 crh changes insignif-
icantly with growth of silica dehydroxylation temperature.
The intensity of a.b. at 3150 and 3550 chincreases with
decreasing silica dehydroxylation temperature.

Data of chemical composition of the samples are given
in Table 2 The total content of silica OH groups notice-
ably reduced whereas the amount of terminal OH groups

in a sharp increase of boron content in support (0.23 wt.%) changes insignificantly with increasing silica dehydroxyla-

as compared with SigdB(CgFs)3 sample (0.07 wt.%). How-

tion. Boron content slightly decreases with the increase of

ever, the concentration of the bounded boron is lower than silica dehydroxylation temperature. Not all OH groups inter-

the content of terminal OH groups (210 and 380ol/g, re-

act with boron activator. The ratio [BF[-OH] groups grows

spectively). This observation is consistent with the data on from 0.28 to 0.56 with increase of silica dehydroxylation
high content of hydrogen-bonded OH groups that display the temperature from 400 to 80C, at the same time the ratio

broad a.b. at 3550-3700 cth

[B)/[terminal-OH] slightly decreases from 0.69 to 0.56. Ac-

The sequence of reagents supporting on silica is of cording to the results obtained, the borate activator interacts

no importance. Supports SIPPhNEL + B(CgFs)3] and
SiOy/[B(CsFs)3 + PhNER] showed similar boron contents
(0.23 and 0.21 wt.%, respectively) and similar DRIFT spec-
tra.

Earlier it has been shown th@4], the unique ionic pairs
(IP-1) are formed at highly dehydroxylated silica, while two

kinds of surface sites: free silanol groups and ionic pairs (IP-

mainly with terminal OH groups of silica.

The surface compounds (IP-1) and (IP-2) contain the
bonds=Si-O-B inthe structures§Si—O—B(CgsF5)3] ™ (A7).
We studied the formation efSi—-O—B bond in the structures
(A7) by means of FTIRS (transmission modes). The samples
SiO,/PhNE®/B(CgFs)3 and SiQ/BCls have been prepared
forthis study by treatment of silica tablets with (i) PhNEhd

1) are formed at lower dehydroxylated silica. The percentagethen B(GFs)3; (ii) BCl3 directly in the IRS cell for FTIRS
of boron corresponds to a proportion of modified OH groups measurements (s&ection 2. The IR spectra of these sam-
increases with increasing silica dehydroxylation temperature ples are shown ifig. 3.

[24]. So itis interesting to get data on the effect of dehydrox-
ylation temperature of silica on the formation of ionic pairs
(IP-1) and (IP-2).

DRIFT spectra of the samples SIINEt,Ph/B(GsFs)3]
prepared using silica dehydroxylated at 400, 600,€Déare
presented ifrig. 2 DRIFT spectra of all samples contain the
similar a.b. at 3230 cmt from the surface compound (IP-1)

The IR spectrum of SigIBCl3 sample shows only the
broad asymmetrical band with two maxima at 1380 and
1410 cmr! (Fig. 3 spectrum 1). According to Reffl9,20],
these bands are attributed te-® stretching vibrations in
(=SiO)BCk (1380 cntt) and ESiO),BCI (1410 cntt). The
a.b. at 3745 cm! (terminal Si-OH groups) is absent in the
spectrum of this sample.



V.N. Panchenko et al. / Journal of Molecular Catalysis A: Chemical 225 (2005) 271-277 275

Table 2

Data on composition of Sig§Td)/[N + B] samples

No. T [=-OHJP (umol/g) [t-OH]° (wmol/g) [B] (Wt.%) (umol/g) [B]/[X-OH] [B]/[#-OH]
1 400 961 391 0.3 (272) 0.28 0.69

2 600 530 380 0.27 (246) 0.46 0.64

3 800 376 376 0.23 (209) 0.56 0.56

a Dehydroxylation temperature of silicag).
b [=-OH]: terminal and hydrogen-bonded OH groups (3748680 cn1) content in initial silica calculated according to IRS dit8].
¢ [t-OH]: terminal OH groups (3745 cr) content.

SiO,/BCl3 sample contains 0.44 wt.% of B (3p4nol/g, It is seen that a.b. 3230 cth decreases sharply at inter-
Table J). Molar ratio [OH]/[B] = 0.98 means that Bgfeacts  action of zirconocene with support SigN + B] (Fig. 3).
almost quantitatively with SIOH groups (reaction (4)). That means that zirconocene reacts with the surface complex

IP-1 via reaction (5) that likely leads to the formation of the

=Si—OH + BClz — =Si-O-BCl, + HCI (4) surface zirconium complex (IP-3).

Also the intensive a.b. at 1370-1410cthregion is observe RLoZrMe
in the spectrum of SiPhNEb/B(CgFs)z sample Fig. 3, [=Si-O-B(CgFs)3] [H-NEtPh[" 2577

spectrum 2). But a.b. bending vibrations fromistretches (1P-1) ~PhNER, CHs

of NEt,Ph are present in the same frequency region. So the

separation of SiO—B bond in SiQ/PhNEb/B(CgFs)3 sam- [=Si-O-B(CsFs)3] "[RL2ZrMe]" )
ple is quite problematic. (P-3)

Thus, our data show that successive treatment of silica . )
with B(CsFs)s and PhNE# caused the reaction of terminal It should be noted tlhf_:lt_the disappearance ofuiéH) vi-
OH groups from silica with these compounds resulted in the Pration at 3230 cm™ initially presented in the spectrum
formation of ionic pair (IP-1). Cation fragment of (IP-1) con-  Of SIO2/[NEtzPh/B(GsFs)3] support was observed after ad-
tains highly reactive NH bond. This fragment can be in-  SOrption Olfl Cp*ZrMeg in [25]. It has been shown by
volved in a side reaction with silica OH groups by hydrogen Solid-state™"B NMR spectroscopy that the surface anion

bonding that gives complex (IP-2) (reaction (3)). [=_SiOB(C6F5)3]— is present after reaction of zirconocene
with support.

Intensities of a.b. at 3150 and 3550-3700¢nin the
catalyst spectrum are also lower than in the support spec-
trum. This observation may be attributed to the reaction of
zirconocene with surface compound (IP-2) via reaction (6).
This reaction results to the formation of surface zirconium
complex (IP-4) that contains no-ZMe bonds.

3.2. The study of metallocene p&(2-Me-Ind}ZrMe>
(“Zr”) interaction with support
SiO/[PhNEL/B(CsFs)3] (SiO2/[N + B])

The DRIFT spectra of support S¥N + B] and catalyst
SiOy/[N + BJ/“Zr” are shown inFig. 4.
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Fig. 4. DRIFT spectra of (1) Si&PhNER/B(CeFs)s and (2)
Fig. 3. DRIFT spectra of (1) Si&§800)/BCk and (2) SiQ(800)/NELPh/ SiO/PhNER/B(CsFs)3/Me,Si(2-Me-IndpZrMe;  (zirconium  content
B(CsFs)3. 1.8wt.%).
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+ RL,ZrMe
==Si—0—B(C4F5)s NEtaP . |==Si-0—B(C4Fs) RLoZr
PhNEt» CH,
,_ B

L ©)

ap-2) (IP-4)

We cannot exclude the reaction between hydrogen-bonded
Si-OH groups and zirconocene complex with formation of ~ Thus the DRIFT data allow suggest that as “Zr” is sup-
inactive w-oxo-zirconium compounds. But this reaction is Ported on SiQ/[N + B] support, it reacts first with the surface
probably insignificant because the intensity of a.b. at 3630 complexes (IP-2) by reaction (6); if in excess Zr reacts with
and 3700 cmi? slightly decreases. Most part of SiOH groups  surface complexes (IP-1) via reaction (5).
is inaccessible for zirconocene due to steric hindrance ofthe  The data on the chemical composition of the catalysts

bulky supported boron activator. with different of zirconium content are listed ifable 3
Table 1shows the data on the chemical composition for It is seen that zirconium content in the catalysts was al-
the support Si@/[N + B] and catalyst Si@/[N + B]/“Zr". most twice lower than zirconium loading. Even in sample

It is seen that boron content in the support and catalyst is3 Which was prepared by supporting twice lower amount
the same. That means that FAB in (IP-1) and (IP-2) surface of zirconocene with respect to boron c_ontent in the support
species is tightly bound to silica surface. Molar ratio of zr/B  (Zrin/B = 0.53) only a half of loaded zirconocene was de-

in catalyst SiQ/[N + B]/“Zr" is close to unit (Zr/B = 0.94). tected in the catalyst. Most likely a part of zirconocene was
Thus, the data of chemical analysis are consistent with theinvolved into side reactions accompanying catalyst synthe-
DRIFT results and reactions (5) and (6). sis in particular into reaction with an amine released during

The above results were obtained at the studies of catalystg€actions (5) and (6). This side reaction seems to produce
prepared by supporting of excessive amount of zirconoceneSoluble zirconocene—amine complex removed by catalyst
(Zr/B = 1.96). We have studied the SiN+B]/“Zr” samples washings.

synthesized at different Zr/B ratios. Only the use of excess of zirconocenEalfle 3 exp.
Fig. 5 presents the DRIFT spectra of the catalysts pre- 1, Zfin/B = 1.96) allows reaction of practically all (IP-
pared by Supporting of different amount of “Zr” on S‘ﬂm\l 1) Complexes with zirconocene (Zr/B =0.94 in reSpeCtlve

+ B] support. It is seen that after treatment of support with catalyst).

“Zr" at ratio Zrin/B = 0.53, the intensities of a.b. at 3150

and 3550 cm? decrease considerably, while intensity of a.b. 3-3. Catalytic properties of SKJN+B]/“Zr” catalysts
3230cnT? (uy-n) remains almost the samEig. 5, spectra N propylene polymerization

1 and 2). As the ratio £/B increases, the intensities of a.b. o ) )
at 3230 cn! decreasesHig. 5, spectra 3 and 4). Data on the activity of SiIQ[N+B]/“Zr” catalysts differ-
ing by zirconocene in propylene polymerization are presented

in Table 3 Obviously activity correlates with zirconium con-
tent in the catalyst. The catalyst with the highest zirconium
content (Ze/B = 0.94) showed the maximal activity. Thus, as
zirconocene reacts with S¥N + B] first reaction (6) pro-
ceedsto form surface species which are inactive for propylene
polymerization, and then surface species active for propylene
polymerization are formed by reaction (5).

The data on the activity of catalysts differed by zirconium
content are consistent with respective DRIFT data discussed
above Fig. 5).

Fig. 6illustrates the kinetics of propylene polymerization
with catalyst No. 1 fronTTable 3 The polymerization reac-
tion was unsteady state (decay type). The maximal activity is
observed for the first 5 min on-stream; then the catalyst deac-
. . . . . . tivated rapidly. Meanwhile the nature of catalyst deactivation
3000 3300 3600 remains unclear.

Wavenumber, cm™ Hydrogen input into reaction mixture increases greatly

Fig. 5. DRIFT spectra of (1) support SIPhNE/B(CoFe)s, (2—4) catalysts the initial activity but kinetic profile is decay type tobi. 6,

SiO,/PhNES/B(CFs)3/MesSi(2-Me-IndpZrMes: (2) 0.47%wt. Zr, Zi/B curve 2). The effect of activation of propylene polymeriza-
=0.53, (3) 1.16 Wt.% Zr, Z/B = 1.26, (4) 1.8 Wt.% Zr, Z/B = 1.96 (Zin tion with zirconocene catalysts in hydrogen presence was

— initial amount of zirconocene used for catalyst preparation). observed in a number of researcli2®,23].

3230

F(R)
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Table 3
Data on the composition and activity of catalysts S[® + B)/Zr in propylene polymerization
No. Initial content of Zr Catalyst composition viéld Activity
Ztm (umollg)  Zu/BA (molimol)  Zr umolig)  ZrB (molimol)  Zn/zx (molimol) (9P Gead (kgpr/gzr min)
1 470 1.96 198 0.94 0.42 400 57.4
2 263 1.26 127 0.61 0.48 268 23
3 110 0.53 52 0.25 0.48 10 2.2
Boron support content is 0.23 wt.%.
@ Content of boron in the support is 0.23 wt.%.
b Yield of PP for 30 min.
¢ Initial activity for the first 5 min.
72 [9] E. Wasserman, Metallocenes, in: |.T. Horvath (Ed.), Encyclopedia of
Catalysis, vol. 4, John Wiley and Sons, Inc., New Jersey, 2003, pp.
2 725-789.
[10] J.F. Walzer Jr., Supported ionic catalyst composition, Exxon Chem-
= ical Co. US Patent 5,643,847 (1997).
D‘ei' [11] G.G. Hlatky, D.J. Upton, Macromolecules 29 (1996) 8019-8020.
&0 [12] J. Lancaster, S.M. O’Hara, M. Bochmann, in: W. Kaminsky (Ed.),
ESE 1 Metalorganic Catalysts for Synthesis and Polymerization, Springer-
2 Verlag, Berlin, 1999, pp. 413-425.
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