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Figure E-11 The typical XPS profile for MCM-41(BMD1)-supported dIMMAO
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Figure E-16 The typical XPS profile for MCM-41(BMD2)-supported dMMAO
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Figure E-18 The typical XPS profile for MCM-41(BMD2)-supported dMMAO
exhibited the identical binding energy (BE) of O Is
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G-1 Calculation of polymer microstructure

Polymer microstructure and also triad distribution of monomer can be
calculated according to the Prof. James C. Randall [87] in the list of reference. The

detail of calculation for ethylene/a-olefin copolymer was interpreted as follow.

1-Hexene

The integral area of *C-NMR spectrum in the specify range are listed.

Ta = 39.5-42 ppm
Ts = 38.1 ppm
Tc = 33-36 ppm
Tp = 28.5-31 ppm
Tg = 26.5-27.5 ppm
Tr = 24-25 ppm
Te = 234 ppm
Ty = 14.1 ppm

Triad distribution was calculated as the followed formula.

k[HHH] = T I, T
k[EHH] T A B
k[EHE] o Py

k[EEE] = 0.5Tp-0.5Tg-0.25Tg
k[HEH] =GRy

I

k[HEE] Te



1-Octene

The integral area of '*C-NMR spectrum in the specify range are listed.
Ta =
Ts =
Te =
To =
Tk =
Tk =
Tg =
Ty =
T, =
Ty =

Triad distribution was calculated as the followed formula.

k[0O0O]
k[EOO]
k[EOE]
k[EEE]
k[OEO]
k[OEE]

395-42

38.1
36.4
33-36
322

28.5-31
25.5-275

24 -25
22-23
14 - 15

ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm

Ta—-0.5T¢

Te
Ts

0.5T¢ - 0.25Te - 0.25T¢g

Tu
Tg-Te
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1-Decene

The integral area of >C-NMR spectrum in the specify range are listed.
Ta =
Ts =
Te =
To =
Te =
Te =
Tg =
Tu =
T =
T; =

Triad distribution was calculated as the followed formula.

k[DDD]
k[EDD]
k[EDE]
k[EEE]
k[DED]
k[DEE]

39.5-42

38.1
36.4
33-36
32.2

28.5-31
25.5-275

24 -25
22-23
14-15

Il

ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm

Ta—0.5T¢

Te
Ts

0.5T - 0.5Te - 0.5Tg-T,

Tu
To— 11
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All copolymer was calculated for the relative comonomer reactivity (rg for

ethylene and rc for the comonomer) and monomer insertion by using the general

formula below.

where

re= 2[EE)/([EC]X) rc = 2[CC]X/[EC]

3 - ethylene reactivity ratio

rc = comonomer (a -olefin) reactivity ratio

[EE] =  [EEE]+0.5[CEE]

[EC] = [CEC] + 0.5[CEE] + [ECE] + 0.5[ECC]

[CC] = [CCC] + 0.5[ECC]

X = [EJ/[C] in the feed = concentration of ethylene (mol/L) /
concentration of comonomer (mol/L) in the feed.

%E = [EEE] + [EEC] + [CEC]

%C = [CCC]+[CCE]+[ECE]
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Impact of MCM-41 pore structure on ethylene/l1-octene
copolymerization using MCM-41-supported dried MMAO
with zirconocene catalyst
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Department of Chemical Engineering, Faculty of Engineering
Chulalongkorn University, Bangkok 10330 Thailand

*Corresponding author, E-mail: bunjerd.j@chula.ac.th

ABSTRACT
MCM-41 with different pore structure was synthesized and investigated

with X-ray diffraction (XRD) and N, physisorption. The ethylene/l1-octene
copolymerization was carried out with the MCM-41-supported dried MMAO using
zirconocene catalyst. It was found that MCM-41 with bimodal pore size distribution had
higher catalytic activity for ethylene/l-octene copolymerization than the unimodal
one. This showed that the pore structure of MCM-41 had effect on ethylene/1-octene
copolymerization.

1. INTRODUCTION

MCM-41 is known as a well defined and designable mesoporous material with
narrow pore size distribution, large internal surface area and hexagonal arrangament of
uniformly sized cylindrical pore ( 15 to 100 A )[1.2]. Their pore dimeters are larger
compared to common zeolites enabling large metallocene molecules to be immobilized
not only onto the surface but also inside the pore of supports. Furthermore, the
geometrical shape of the nano-channels can serve as polymerization reactors to affect the
pattern and activity of monomer insertion and to control polymer chain arrangement and
polymer morphology [3]. Many researchers are interested in obtaining bimodal
polyethylenes using bicomponent catalyst or support [4.5]

In this present work, polyethylene were prepared via ethylene/l-octene
copolymerization using MCM-41-supports with zirconocene catalyst. The influence of
various pore structures of MCM-41 on catalytic activity was investigated and compared
in detail.

2. EXPERIMENTAL

The ethylene and 1-octene copolymerization reaction were carried out in
a 100 ml semi-batch stainless steel auto clave reactor equipped with magnetic stirrer.
In the glove box The amount of Et(Ind),ZrCl, and TMA were mixed and stirred for
5 minutes at room temperature, then toluene ( to make a total volume of 30 ml ), 100 mg
of catalyst precursor were introduced into the autoclave. After that the mixture
of Et(Ind),ZrCl,and TMA was injected into the reactor. The reactor was frozen in
liquid nitrogen to stop reaction and then the autoclave was evacuated to remove the
argon. After that, the reactor was heated up to polymerization temperature and the
polymerization was started by feeding ethylene gas ( total pressure 50 psi ) until the
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consumption of ethylene 0.018 mol ( 6 psi was observed from pressure gauge ). The
reaction of polymerization was terminated by addition of acidic methanol. The time of
reaction was recorded. for purposes of calculating the activity. The precipitated polymer
was washed with methanol and dried in room temperature.

3. RESULTS AND DISCUSSION

The catalytic activities are listed in Tablel. According to the heterogeneous
system, it was found that the catalytic activities of ethylene/1-octene copolymerization
using the bimodal MCM-41 support was higher than the unimodal one.The amount of Al
(MMAQO) at surface was determined by XPS and EDX measurement. The result indicated
that both unimodal and bimodal MCM-41 gave similar amounts of MMAO at surface. It
can be concluded that the pore structure of MCM-41 had effect on interaction between Al
(MMAO) and supports for ethylene/ 1-octene copolymerization.

Table 1
Catalytic activities during ethylene/1-octene copolymerization via MCM-41-supported
MMAO with zirconocene catalyst

System Polymerization Polymer yield * Catalytic activity °
time (s) (2) (x10™ kg polymer
mol™ Zr.h)
Homogeneous 87 1.59 4.39
UMD’ 186 1.58 2.04
BMDI1¢ 145 1.58 2.62
BMD2 © 150 1.54 247

* The polymer yield was fixed [limited by ethylene fed and 1-octene used (0.018 mole equally)]

® Activities were measured at polymerization temperature of 70 °C, [Ethylene]=0.018 mole, [Al]pmao/[Zr]
= 1135, [Alltma/[Zr] = 2500, in toluene with volume = 30 ml, and [Zr] = 5x10”°M

“MCM-41 with unimodal pore size distribution

4MCM-41 with bimadal pore size distribution (distribution of each size was not equal )

“MCM-41 with bimadal pore size distribution (distribution of each size was equal )

Reference
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Impact of bimodal pore MCM-41-supported zirconocene/dMMAO catalyst

on copolymerization of ethylene/1-octene
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Abstract

The bimodal MCM-41-supported zirconocene/dMMAO catalyst exhibited higher
catalytic activity for ethylene/I-octene copolymerization compared to the unimodal one.
The higher activity can be attributed to lesser support interaction. The copolymer having
broader MWD was obtained with the bimodal support without any significant changes in
MW and polymer microstructure as seen by '°C NMR.

Keywords: MCM-41: bimodal support: metallocene catalyst; support interaction:

polyolefins

1. Introduction
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For years, the correlation between metallocene structure and polymerization
behaviors for olefin polymerization have been extensively studied and developed
consistently. In general, metallocenes are single site catalysts producing polymers having
narrow molecular weight distribution (MWD) and homogeneously chemical composition
[1,2]. However, it is found that the homogeneous metallocene catalytic system has two
major disadvantages; the lack of morphology control of polymer causing the reactor
fouling and the limitation of being able to use only in the solution process whereas the
existing technologies are mainly based on the gas phase and slurry processes. Therefore,
binding these metallocene catalysts onto suitable inorganic supports can provide a
promising way to overcome those drawbacks.

Several studies [3-9] have been concentrated on the use of supported metallocene
catalyst for the olefin polymerization. Apparently, silica, alumina and magnesia supports
have been the most widely used inorganic supports so far. The aim is to develop a way to
attach the metallocene to the support without losing the performance of the homogeneous
complex. The main immobilization techniques can be performed by direct impregnation
of metallocene or cocatalyst on the support, then pretreatment of the support followed by
activation of metallocene. Hence, high surface area and the presence of well-defined,
stable sites for the attachment of the active component to the support are very crucial
[10].

As well known, a new class of mesoporous silica tube-like materials designated as
MCM-41 was introduced in 1992 [11,12]. The MCM-41 is recognized as a well-defined
as mesoporous material with narrow pore size distribution, large internal surface area,
distinct adsorption properties and hexagonal arrangement of uniformly sized cylindrical

pore. It has the possibility to control the internal diameter of mesopores between 15 and
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100 A by varying the chain length of the micellar surfactant template. In fact, its pore
diameter can enable large metallocene molecules to be immobilized onto both the surface
and inside the pore. These excellent properties of this material essentially emulate
researchers to use the MCM-41 as the support for metallocene catalysts for olefin
polymerization [13-19].

In general, the surface areas mainly control the dispersion of supported metal. As a
matter of fact, too large surface area (small pore diameter) results in poor diffusion
efficiency of reactant and products in the intra-pellet structure whereas a catalyst having
too large pore diameter exhibits a small surface area leading to low metal dispersion and
low catalytic activity. A support with a distinct bimodal structure has excellent
advantages for solving the contradiction as mentioned before. In particular, the large
pores provide rapid transportation of reactant and product molecules whereas the small
pores render a large surface area. Moreover, the geometrical shape of the nano-channels
of support can serve as polymerization reactors to affect the pattern and activity of
monomer insertion. Thus, the arrangement of polymer chain and polymer morphology
can be controlled. Many researchers are interested in obtaining bimodal polyethylene
using bicomponent catalyst or support [20-22].

In this present study, the MCM-41 supports having different pore size distribution
such as unimodal and bimodal pore sizes were synthesized. Then, the linear low-density
polyethylene (LLDPE) was prepared by ethylene/!-octene copolymerization using
various unimodal and bimodal MCM-41-supported zirconocene/dMMAOQ catalysts. The
influences of various pore structures of MCM-41 on the catalytic activity and polymer

properties were investigated. The copolymers obtained were further analyzed using GPC

and C NMR.



132

2. Experimental

2.1 Materials
All chemicals and polymerization were manipulated under an argon atmosphere,
using a glove box and/or Schlenk techniques. Toluene was dried over dehydrated
CaCl, and distilled over sodium/benzophenone before use. The rac-ethylenebis
(indenyl) zirconium dichloride (rac-Et[Ind],ZrCl;) was supplied from Aldrich
Chemical Company, Inc. Modified methylaluminoxane (MMAO) in hexane was
donated by Tosoh (Akso, Japan). Trialkylaluminum (TMA, 2 M in toluene) was
supplied by Nippon Aluminum Alkyls, Ltd., Japan. Ultrahigh purity argon was
further purified by passing it through columns that were packed with BASF catalyst

R3-11G (molecular-sieved to 3 A), sodium hydroxide (NaOH), and phosphorus

pentaoxide (P,0s) to remove traces of oxygen and moisture. Ethylene gas (99.96%
pure) was donated by the National Petrochemical Co., Ltd., Thailand. 1-Octene (d =

0.715) was purchased from Aldrich Chemical Company, Inc.

2.2 Preparation of bimodal MCM-41 support

The MCM-41 support was synthesized according to the method described by
Panpranot et al. [23] using the gel composition of CTABr : 0.3 NHj : 4 SiO; : NayO :
200 H2O, where CTABr denotes cetyitrimethyl ammonium bromide. Briefly, 20.03 g
of colloidal silica Ludox HS 40 % (Aldrich Chemical Company, Inc.) was mixed with
22.67 g of 11.78 % sodium hydroxide solution. Another mixture comprised of 12.15 g

of CTABr (Aldrich Chemical Company, Inc.) in 36.45 g of deionized water, and 0.4 g
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of an aqueous solution of 25 % NHs. Both of these mixture were stirred by agitator
for 30 min, then heated statically at 373 K for 5 davs. The obtained solid material was
filtered, washed with deionized water until no base was detected and then dried at 373
K. The sample was then caicined in flowing nitrogen up to 823 K (1-2 K/min), then in
air at the same temperature for 5 h. After preparation. the unimodal MCM-41 support
(denoted as UMD) having the pore diameter of ca. 2 nm and surface area of 864 m?/g
was obtained. The bimodal MCM-41 having average pore diameters of ca. 5 and 6
nm (denoted as BMD1 and BMD2, respectively) was prepared by treating the UMD-
MCM-41 (before calcination) with an emulsion containing N, N-dimethyl decylamine
(0.625 g in 37.5 g of water for each gram of MCM-41) for 3 and 4 days at 393 K.
This was washed thoroughly, dried and calcined in flowing nitrogen up to 823 K (1-2

K/min), then in air at the same temperature for S h.

2.3 Preparation of dried-MMAO (dMMAO)

Removal of TMA from MMAO was carried out according to the reported
procedure [24]. The toluene solution of MMAO was dried under vacuum for 6 h at
room temperature to evaporate the solvent, TMA, and Al(iBu); (TIBA). Then,
continue to dissplve with 100 ml of heptane and the solution was evaporated under
vacuum to remove the remaining TMA and TIBA. This procedure was repeated 4

times and the white powder of dried MMAO (dMMAQ) was obtained.

2.4 Preparation of MCM-41-supported dIMMAO
The MCM-41 support was reacted with the desired amount of dMMAO in 20 ml

of toluene at room temperature for 30 min. The solvent was then removed from the
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mixture by evacuated. This procedure was done only once with toluene (20 ml x 1)
and 3 times with hexane (20 ml x 3). Then, the solid part was dried under vacuum at
room temperature. The white powder of supported cocatalyst (dIMMAO/support) was

thén obtained.

2.5 Polymerization

The ethylene/l-octene copolymerization reaction was carried out in a 100 ml
semi-batch stainless steel autoclave reactor equipped with magnetic stirrer. In the
glove box, the desired amounts of rac-Et[Ind],ZrCl; and TMA were mixed and stirred
for 5 min for aging. Then, toluene (to make a total volume of 30 ml) and 100 mg of
dMMAO/support were introduced into the reactor. After that, the mixture of rac-
Et[Ind],ZrCl, and TMA were injected into the reactor. The reactor was frozen in
ilquid niirogen to stop reaction and then 0.018 mol of 1-octene was injecied into the
reactor. The reactor was evacuated to remove argon. Then, it was heated up to
polymerization temperature (343 K) and the polymerization was started by feeding
ethylene gas (total pressure 50 psi in the reactor) until the consumption of ethylene
0.018 mol (6 psi was observed from the pressure gauge) was reached. The reaction of
polymerization was completely terminated by addition of acidic methanol. The time
of reaction was recorded for purpose of calculating the activity. The precipitated

polymer was washed with methanol and dried at room temperature.

2.6 Characterization

2.6.1 Characterization of supports and catalyst precursor
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N; physisorption: Measurement of BET surface area, average pore diameter aI;d
pore size distribution of MCM-41 support were determined by N, physisorption
using a Micromeritics ASAP 2000 automated system.

X-ray diffraction: XRD was performed to determine the bulk crystalline phases of
samples. It was conducted using a SIEMEN D-5000 X-ray diffractometer with

CuK, (A = 1.54439 A). The spectra were scanned at a rate of 2.4° min” in the

range of 20 = 10-80°.

Scanning electron microscopy and energy dispersive X-ray spectroscopy: SEM
and EDX were used to determine the morphologies and elemental distribution
throughout the sample granules, respectively. The SEM of JEOL mode JSM-6400

was applied. The EDX was performed using Link Isis series 300 program.

Raman spectroscopy: The Raman spectra of the samples were collected by
projecting a continuous wave YAG laser of Nd (810 nm) through the samples at
room temperature. A scanning range of 100-1000 cm™ with a resolution of 2 cm’

was applied.

X-ray photoelectron spectroscopy: XPS was used to determine the binding
cnergies (BE) and surfacc conceniration of samples. It was carried out using the
Shimazu AMICUS with VISION 2-control software. Spectra were recorded at
room temperature in high-resolution mode (0.1 eV step, 23.5 eV pass energy) for

Al 2p core-level region. The samples were mounted on an adhesive carbon tape as
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pellets. The energy reference for Ag metal (368.0 eV for 3dsp) was used for this

study.

Thermogravimetric analysis: TGA was performed using TA Instruments SDT Q
600 analyzer. The samples of 10-20 mg and a temperature ramping from 298 to

500 K at 2 K/min were used in the operation. The carrier gas was N, UHP.

2.6.2 Characterization of polymer

Gel permeation chromatography: The molecular weight (MW) and molecular
weight distribution (MWD) of polymer were determined using GPC (GPC, PL-
GPC-220). Samples were prepared having approximately concentration of 1 to 2
mg/ml in trichlorobenzene (mobile phase) by using the sample preparation unit
(PL-SP 260) with filtration system at a tempcrature of 423 K. The dissolved and
filtered samples were transferred into the GPC instrument at 423 K. The
calibration was conducted using the universal calibration curve based on narrow

polystyrene standards.

BC NMR spectroscopy: >C NMR spectroscopy was used to determine the triad
distribution and 1-octene insertion indicating the copolymer microstructure.
Chemical shift were referenced internally to the CDCl; and calculated according
to the method described by Randall [34]. Sample solution was prepared by
dissolving 50 mg of copolymer in 1,2,4-trichlorobenzene and CDCls. 3¢ NMR
spectra were taken at 333 K using BRUKER AVANCE II 400 operating at 100

MHz with an acquisition time of 1.5 s and a delay time of 4 s.
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3. Results and discussion

3.1 Catalytic activity

The main focus of this present study was to investigate the impact of different
pore structures of MCM-41 support on the catalytic activity during copolymer of
ethylene/1-octene with MCM-41-supported zirconocene/dMMAO catalyst. First, the
MCM-41 supports having different pore structures were prepared based on different
pretreatment conditions. After preparation of supports, the unimodal MCM-41
support denoted as UMD having the average pore diameter of ca. 2 nm and surface
area of 883.5 m*/g was obtained as seen in Table 1. The pore size distribution of the
MCM-41 (UMD) is shown in Figure 1 indicating only the unimodal pore size
distribution. By treating the MCM-41 (UMD) with N,N-dimethyldecylamine at the
specified conditions, the bimodal MCM-41 supports denoted as BMD can be
achieved. The BMDI is assigned to the bimodal MCM-41 support having the
average pore diameter of ca. 5 nm (surface area = 400.3 m?/g) whereas the BMD2
refers to the bimodal MCM-41 with the average pore diameter of ca. 6 nm (surface
area = 400.0 m?/g) as also shown in Table 1 and Figure 1. As seen in Figure 1, it
can be observed that the MCM-41 (BMD2) support exhibited larger portion of the
large pore than the MCM-41 (BMD1) one. The XRD patterns of various MCM-41
supports are shown in Figure 2. It can be seen that all MCM-41 supports gave the
similar XRD patterns consisting of a broad peak of amorphous silica around 20 to

30°. As confirmation, no significantly different Raman bands (Figure 3) were also
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observed for all MCM-41 supports within the Raman shift ranged between 200 and
1000 cm’™.

After impregnation with dMMAO, the nature and surface concentrations of
{AljJammao on various MCM-41 supports were determined using the XPS
measurement. The typical XPS profile (not shown) for all MCM-41-supported
dMMAO exhibited the identical binding energy (BE) of Al 2p at ca. 74.6-74.7 eV. It
should be noted that the BE for Al 2p obtained here was also in accordance with that
on silica as reported by Hagimoto et al. [24]. Thus, it indicated that no
transformation of the oxidation state for the cocatalyst (iIMMAO) present on various
MCM-41 supports employed. The surface concentrations of [Al]gmmao measured by
XPS are also shown in Table 2. It can be observed that the surface concentrations of
[Allgumao were similar for both MCM-41 (BMD) supports having [Al]lammao at
surface of 27.0 wt%. However, it appeared that the MCM-41 (UMD) support had a
slightly higher amount of [Al]agumao at surface (27.3 wt%) than that of the MCM-41
(BMD) support. Besides the amounts of [Al]avmao surface concentration, one should
consider the distribution of the cocatalyst on the various supports. Therefore, the
elemental distribution for [Al]gumao Was also performed using EDX mapping on the
external surface of the catalyst precursors. The [Al]gmmao distribution on various
supports is shown in Figure 4. As seen, all samples exhibited good distribution of Al
without any changes in the support morphology.

The catalytic activities via various MCM-41 supports and the homogeneous
system are listed in Table 3. It was obvious that the homogeneous catalytic system
provided the highest activity among the supported system due to the absence of

supporting effect [5,8,9]. Considering the various MCM-41-supported systems, it
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was found that the MCM-41 (BMD) rendered higher activity than the UMD one
about 1.2-1.5 times. Although the amount of [Al]gmmao at surface of the MCM-41 .
(UMD) as measured by XPS was slightly higher. the catalytic activity was lower. It
is known that besides the concentrations of active species, one should consider on the
interaction between the active species and support. In fact, too strong interaction can
result in compound formation at surface [25-29] and/or inactive species leading to
low catalytic activity. A wide range of variables including nature of supports and
active species, particle size, and treatment conditions can affect the degree of support
interaction. Essentially, they can be superimposed on each other. However, based on
this study, the active species ([Allammao) present on different MCM-41 supports had
the similar characteristics of Al 2p as measured by XPS indicating that no other
compound formation on surface was formed. Thus, it was suggested that based on
the similar amouni of {Aljammao added, the size of ihe [Aljammao present in the smali
pore [MCM-41 (UMD)] was presumably smaller due to larger surface area. As a
matter of fact, the smaller particle can interact more with the support resulting in
stronger support interaction. In order to identify the interaction of [Allavmao on
various MCM-41 supports, the TGA measurement was performed. The TGA profiles
of [Al]lammao on various MCM-41 supports are shown in Figure 5 indicating the
similar profiles for various supports. It was observed that the weight loss of
[Allammao present on various supports .were in the order of MCM-41 .(BMDI) -
(12.8%) > MCM-41 (BMD?2) (12.2%) > MCM-41 (UMD) (11.5%). [3ased on TGA,
it indicated that the [Al]aqumao present on MCM-41 (UMD) had the strongest

interaction among the other supports, thus, having the lowest polymerization activity.
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It is worth noting that the higher activity obtained from the bimodal support can be

attributed to the optimum interaction between the support and active species.

3.2 Polymer Characteristics

The various copolymers obtained were further characterized by means of GPC
and 3C NMR. The GPC was performed in order to determine the MW, M, and
MWD of polymers. The GPC results are shown in Table 4. Considering the
different catalytic systems, it can be observed that the homogeneous system exhibited
higher MW than the supported system did. As known from our previous works, the
supported system apparently promoted the chain transfer reaction resulting in lower
MW of polymers [8,30]. Based on the supported system, it revealed that the
copolymer obtained from the bimodal MCM-41 supports had broader MWD than that
derived from the unimodal one. It was suggested that this broad MWD copolymer
can be attributed to the different natures of catalytic sites present on the bimodal
supports. However, the observed MW of copolymers among all supports was slightly
different.

The quantitative analysis of triad distribution for all copolymers was conducted on
the basis assignment of the 3¢ NMR spectra of ethylene/l-octene (EO) copolymer
[31]. The characteristics of >’C NMR spectra (not shown) for all copolymers were
similar indicating the copolymer of ethylene/1-octene. The triad distribution of all
polymers is shown in Table 5. Ethylene incorporation in all systems gave copolymers
with similar triad distribution. It was also shown a little probability to produce the
block of OO, which is the characteristic of this zirconocene in homogeneous system

[5]. No triblock of OOO in the copolymers was found. Only the random copolymers
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can be produced in all systems. In addition, the octene incorporations in all supported
systems were between 25 and 32 mol%, which was similar with that in the

homogeneous system.

4. Conclusions

In summary, the bimodal MCM-41-supported zirconocene/dMMAO showed the
enhancement of activity during copolymerization of ethylene/l-octene about 1.5 times
compared with that using the unimodal one. It was proven that the higher activity could
be attributed to lesser interaction between the support and cocatalyst. Besides, the
bimodal MCM-41 support apparently gave broader MWD copolymer due to more
different catalytic sites present. However, both unimodal and bimodal MCM-41 supports

trended to produce the random copolymers with a little probability for the block of OO.
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Table 1
BET surface area and average pore diameter of various MCM-41 supports

Support BET surface area (m”/ g)  Average pore diameter (nm)
MCM-41(UMD) 863.5 23
MCM-41(BMD1) 400.3 4.6

MCM-41(BMD2) 400.0 5.7




Table 2
XPS results for different supports
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Support BE for Al 2p® (eV)  Mass Concentration (%) of Al
dMMAO/MCM-41(UMD) 74.7 27.3
dMMAO/MCM-41(BMD1) 74.6 27.0
dMMAO/MCM-41(BMD2) 74.7 27.0

* Al 2p from dAMMAO
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Table 3
Catalytic activities of various MCM-41-supported dMMAO with zirconocene catalyst

during ethylene/1-octene copolymerization

Sisisin Polymerization  Polymer yield' Catalytic activitie_s[" .
time () (2) (x10™ kg Pol.mol.Zr".h™)
Homogeneous 87 1.59 4.38
MCM-41(UMD) 186 1.58 2.04
MCM-41(BMD1) 127 1.58 2.99
MCM-41(BMD?2) 150 1.51 242

® The polymer yield was fixed [limited by ethylene fed and 1-octene used (0.018 mole
equally)].

b Activities were measured at polymerization temperature of 343 K, [Ethylene] = 0.018
mole, [Al]lammao /[Zr]ear = 1135, [Al]rma /[Zr]ca = 2500, in toluene with total volume =
30 ml and [Zr]ea = 5%10° M.

Table 4
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Molar weight (MW) and molecular weight distribution (MWD) of polymers obtained
from various MCM-41-supported dIMMAO with zirconocene catalyst

System MW? (x10* gmol™)  M,* (x10™ g mol™) MWD?
Homogeneous 3.66 0.69 5.3
MCM-41(UMD) 2.91 0.98 3.0
MCM-41(BMD1) 2.69 0.45 6.0
MCM-41(BMD2) 3.07 0.62 5.0

# Obtained from GPC and MWD was calculated from MW/M,
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Table 5
13C NMR analysis of ethylene/1-octene copolymer

— Triad distribution of copolymer Mol % of O
000 EOO EOE EEE OEO OEE incopolymer
Homogeneous 0 0.077 0210 0414 0.056 0.244 29
MCM-41(UMD) 0 0.073 0.232 0456 0.075 0.164 30
MCM-41 (BMD1) 0 0.096 0.221 0.408 0.047 0.228 32
MCM-41 (BMD2) 0 0.057 0.196 0456 0.057 0.234 25

E refers to ethylene monomer and O refers to 1-octene comonomer



149

Table §
13C NMR analysis of ethylene/1-octene copolymer

Syatein Triad distribution of copolymer Mol % of O
000 EOO EOE EEE OEO OEE incopolymer
Homogeneous 0 0.077 0.210 0.414 0.056 0.244 29
MCM-41(UMD) 0 0.073 0.232 0456 0.075 0.164 30
MCM-41 (BMD1) 0 0.096 0.221 0408 0.047 0.228 32
MCM-41 (BMD2) 0 0.057 0.196 0.456 0.057 0.234 25

E refers to ethylene monomer and O refers to 1-octene comonomer
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