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ABSTRACT: A series of methylaluminoxane (MAO)-modified PQ and EP 12 silicas, calcined at 110, 250, and 450°C, were prepared.
The resulting MAO-modified supports were characterized by a set of complementary techniques: Fourier transform infrared spectros-

copy (FT-IR), scanning electron microscopy-energy dispersive X-ray spectroscopy (SEM-EDX), small angle X-ray scattering (SAXS),
and thermal gravimetric analysis (TGA). The Al/Si ratios of the MAO-modified PQ and EP12 silicas were in the ranges of 0.19-0.27
wt % and 0.17-0.30 wt %, respectively. MAO-modified silicas were used in the polymerization of ethylene using an Et,IndZrCl, cata-
lyst. The MAO-modified PQ silica showed higher activity in comparison to the MAO-modified EP12. © 2013 Wiley Periodicals, Inc. J.
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INTRODUCTION

Single site metallocene catalysts have attracted much attention
as they enable the production of polymers with narrow molecu-
lar weight distributions, uniform chemical compositions, and
often high degrees of stereo-specificity.' Unfortunately, homoge-
neous metallocenes require large amounts of expensive MAO to
exhibit maximum catalyst activities. This limitation may impair
their commercial application to some extent. Therefore, much
effort has been invested in decreasing the amount of MAO
needed for efficient polymerization and finding new co-catalysts
to replace it. Metallocene catalysts must be supported because
homogeneous catalysts are unsuitable for gas phase and slurry
processes.”™ Solution polymerization processes require the sepa-
ration of the polymer from the solvent and the subsequent
recovery and purification of the solvent. However, gas phase
processes have lower costs and energy consumption. Several
silica-supported metallocene catalyst systems have been reported
in the literature.””” They can be grouped into two main fami-
lies: (i) those involving MAO mediated systems,®’ in which the
surface of silica is modified with MAO prior to metallocene
impregnation, and (ii) systems with metallocenes directly sup-
ported on carriers.'® Research into metallocene heterogenization
indicates that the physical impregnation of the catalyst or the
physical grinding of the catalytic species with supports such as
silica does not give rise to practical catalyst systems. This is due
to a drastic reduction in the catalyst activity that is mainly
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attributed to low quantities of the immobilized metallocene.'"'>

Most of the studies employing chemically modified silicas focus
on improving the access of monomer units to catalytically active
sites through the use of spacers between the silica surface and
the metallocene species. As judged from their reported catalytic
activities, many of these studies have been quite successful.'?
Chu et al. proposed an alternative methodology (in situ sup-
porting) using methylaluminoxane supported on silica (SMAO),
a commercially available immobilized co-catalyst.'*'> This
approach consists of the direct addition of a catalyst solution to
MAO supported silica inside the reactor immediately before
pressurizing with a monomer. A review of the literature showed
that studies investigating the influence of the properties of
MAO-modified silica on the performance of the metallocene
catalysts are fairly limited.

In the present article, the influence of the physical characteris-
tics of the silica and the calcination temperature were investi-
gated. Two commercial silicas were employed: PQ MS 3065 (PQ
Corporation) and EP12 (Crossfield). The former is a silica gel
with a very high pore volume, large surface area, and superior
morphology; the latter is silica gel produced by the reaction of
a mineral acid and sodium silicate exhibiting medium pore vol-
ume and surface area. The MAO-modified silicas were charac-
terized by a set of complementary techniques in an effort to
extract the relationships between the structural and textural
characteristics of the support and the catalyst activity in the
polymerization of ethylene.
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Material

Silicas EP12 and PQ MS 3065 were donated by Crossfield and
PQ Incorporation and were calcinated under vacuum (P<10~*
mbar) for 6 h at the following temperatures: 110, 250, and
450°C. The support was cooled to room temperature under a
dynamic vacuum and stored under dried argon. The MAO was
supplied by Witco (7.0 wt % in a toluene solution), and the
metallocene catalyst (EtInd,ZrCl,) was purchased from Aldrich.
Ethylene and argon (White Martins) were passed through
molecular sieves prior to use. Pure grade toluene was deoxygen-
ated and dried using standard techniques.

MAO-Modified Silica Preparation

All experiments were performed under argon using proper
Schlenk techniques. The MAO-modified silicas were prepared
by grafting MAO on calcinated silica (ca., 1 g) using an MAO
solution corresponding to 12 wt % of Al/SiO,. The slurry was
stirred for 2 h at room temperature. Thereafter, the slurry was
filtered through a fritted disk, washed with six aliquots of tolu-
ene (2 cm®), and dried under vacuum for 6 h at room tempera-
ture. The samples were labeled, combining the name of the
commercial silica and the temperature employed in its pretreat-
ment. For instance, EP 12 (250) indicated that the commercial
silica from Crossfield that was pretreated at 250°C before MAO
grafting.

Polymerization Reactions

Polymerization experiments were performed using 50 cm’ of
toluene in a 200 cm’ Parr reactor connected to a constant tem-
perature heater, with an internal temperature indicator,
equipped with mechanical stirring, pressure gauge, and inlets
for both argon and the monomer. MAO was used as the co-
catalyst. In each experiment, the catalyst components were
added in the following order: MAO, the silica support suspen-
sion, and the solution of the catalyst. Each of these components
was transferred under argon. The polymerization reactions were
carried out at 60°C for 30 min under 2.5 bars of ethylene.
Acidified (HCI) ethanol was used to quench the process, and
the reaction products were separated by filtration, washed with
distilled water, and dried.

Characterization of the Supported MAO-Modified Silicas

To measure the surface areas of the supported MAO-modified
silicas, samples were outgassed (10—2 mbars) at 80°C for at
least 8 h. Adsorption—desorption nitrogen isotherms were meas-
ured at —196°C on a Gemini 2375 (Micromeritics, Norcross).
Specific surface areas were determined by the Brunauer—
Emmett-Teller equation (P/Py = 0.05-0.35) while pore volumes
and diameters were determined by the Barett Joyner Halenda
(BJH) method. SEM-EDX experiments were carried out on a
JEOL JSM/5800. Initially, the samples were fixed on a carbon
tape and coated with gold by conventional sputtering techni-
ques. A 10 kV accelerating voltage was employed for SEM.
Images were obtained using a Nanoscope III. FT-IR spectros-
copy of the samples diluted in KBr was performed on pellets in
transmission mode using a BOMEM FT-IR spectrophotometer
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(MB-102). These measurements were performed at 25°C; 32
scans at a resolution of 4 cm ™! were collected.

The SAXS experiments were carried out on the D2A and D11A
beam lines at the Brazilian Synchrotron Light Laboratory
(LNLS, Campinas, Brazil) using a wavelength 4 =1.488 nm.
The X-ray beam was monochromatized with a silicon mono-
chromator and collimated by a set of slits defining a pin-hole
geometry. The incident beam was detected at two different
sample-to-detector distances, 1549.8 and 2245.7 mm, to increase
the scattering vector (q) range (q= (4n/A) sin 0; 20 = scattering
angle). Dried samples were sandwiched between two Kapton®
foils, and the collimated X-ray beam was passed through a
chamber containing the stainless-steel sample holder. All meas-
urements were performed at room temperature. Silver powder
was used as a standard to calibrate the sample-to-detector dis-
tance, the detector tilt and the direct beam position. The trans-
mission, dark current and KaptonTM foil corrections were
performed on the 2D image before further data processing. The
isotropic scattering patterns were radially averaged. Analyses of
SAXS data were performed using the Irena evaluation routine
implemented by the Igor Pro Software (Wave Metrics, Port-
land).'® A multi-level unified fit was used to describe one or
two levels of the structural organization evident in the scattering
data.'”'® In this method, the scattering provided by each struc-
tural level is the sum of a Guinier exponential form and a struc-
turally limited power-law tail. A generalized equation,
representing any number of levels, can be written as follows: '7'*

n — 2n2
9 Ry
I(q)=ZG,-exp< 3 g)
i=1

+B; exp <_q2§§(i+1)> |:(erf(qRZ_/\/é))3:| Pi.

In this relation, # is the number of structural levels observed, G
is the Guinier prefactor, R, is the radius of gyration and B is a
prefactor specific to the power-law scattering specified as the
decay of the exponent P

Characterization of Polymers

Polymer melting points (7T,,) were determined with a DuPont
DSC 2910 differential scanning calorimeter, operating in the
temperature range of 25-150°C, calibrated with indium and
employing a heating rate of 10°C min~'. All heating cycles were
performed twice. The crystallinities of the polymers were deter-
mined according to Ref. 19. Thermal gravimetric analyses
(TGA) were performed with a TA Instruments SDTQ600 ana-
lyzer to evaluate interactions between the [Al]yao and the stud-
ied supports. The samples (10-20 mg) were heated in the
temperature range of 50-600°C under N,. Molar masses and
the molar mass distributions were determined with a Waters
CV Plus 150°C high-temperature gel permeation chromatogra-
phy (GPC) instrument equipped with a viscosimetric detector
and three styragel HT-type columns (HT3, HT4, and HT6)
with an exclusion limit of 1 X 107 for polystyrene. Analyses
were performed at 140°C with the solvent 1,2,4-trichloroben-

zene used at a flow rate of 1 cm® min™ %
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Table I. The Effect of Silica Calcination Temperature on the Amount of Cocatalyst Grafted and Textural Properties of Resulting MAO-Modified Silicas

Surface area

Calcination Surface Pore volume Pore diameter of the pores Total OH
Silica temperature (°C) Al/Si area (m® g% (em® g™ (nm) (m2g™? concentration®
EP12 - - 390° 1.75° 50°P 93P -
110 0.30 330 0.983 55 87 101
250 0.23 335 0.964 60 85 51
450 0.17 344 0.871 62 88 4.6
PQ - - 676° 3.07° 18° 135° -
110 0.24 561 1.03 21 96 11.3
250 0.19 575 1.01 24 100 9.5
450 0.27 585 0.998 40 122 8.1
RSD = 3-5%.

@Calculated from the area ratio between bands placed at 3460 and 798 cm™*.

®Before calcination.

Statistical Analysis
The SPSS Statistical System (SPSS for Windows, version 19,
IBM®) was used for correlation analyses.

RESULTS AND DISCUSSION

Silica is presently considered the best support for heterogenizing
metallocenes. However, as-received silica contains physisorbed
water, surface hydroxyl groups and siloxane groups.””>* The
distribution of hydroxyl groups on silica surfaces may be classi-
fied by one of several descriptions: single (isolated), geminal,
and hydrogen-bonded (vicinal). The calcination temperature
affects the nature and the density of these surface sites, which
may in turn affect the surface chemistry and the performance of
the final supported catalyst. In previous work, we extensively
investigated surface reactions involved either directly with the
metallocene or with surface-grafted methylaluminoxane. Evi-
dence for the type of grafting reactions taking place at the
material surface and the reaction mechanism have been
reported elsewhere.'>*?72°

Scanning electron microscopy-energy dispersive X-ray analysis
(SEM-EDX) is a powerful and convenient method used to
determine the immobilized metal content and its distribution
on the surface of the catalyst.””*® Table I shows the Al/Si ratio
for the supported MAO-modified silicas.

According to Table I, commercial silica EP 12 has a higher Al
content than PQ when calcined at 100 and 250°C. The differen-
ces in the grafted Al contents may be due to the textural differ-
ences between these two types of silica.”® In the case of the EP
12 silica, increasing the calcination temperature results in a
reduction in grafted Al content. This reduction in Al is likely
due to an altered silanol density, thus providing fewer available
grafting sites available for MAO.

The Al content of the support prepared from PQ MS 3065 cal-
cined at 450°C was somewhat higher than those observed for
materials calcined at 110 and 250°C. This discrepancy can be
explained by the calcination-induced conversion of OH groups
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(geminal or isolated) into the tricyclic (three-membered) silox-
ane functionalities (Si—O—Si—); hence, a gradual growth of the
siloxane functionality compensates for the loss of OH groups.
This result indicates an increase in siloxane concentration with
increasing calcination temperature led to increase Al loading.
Similar behavior has been previously observed.”®*!

The homogeneity of the distribution of the Al on the support
was evaluated by SEM-EDX elemental analysis. Figure 1 show
the EDX analyses of the MAO-modified support particles using
the PQ and EP12 silicas pretreated at different calcination
temperatures.

As shown in Figure 1, MAO is relatively well dispersed on the
supports. Particularly good Al distribution was found for the
PQ silica. Calcination at 110°C does not afford a homogenous
distribution of Al due to relatively high OH concentrations. As
will be discussed later, differences seen in the homogeneity of
MAO impregnation on the various supports may contribute to
the observed differences in catalyst activity.

Notably, the spherical morphology of the PQ silica is preserved
after MAO modification. The specific surface area of the MAO-
modified silicas calcined at different temperatures (110, 250,
450°C) was determined by nitrogen adsorption and compared
with bare silica (Table I).

As shown in Table I, there are significant textural differences
between the two commercial silicas. In particular, PQ possessed
a much higher surface area. Thermal treatment, followed by
MAO grafting, brought about a reduction in the surface areas
(ca., 15%) in comparison to the value calculated for bare silica.
This result suggested that MAO grafting affects the textural
properties of the silica. Changes in the observed Al/Si ratio do
not seem to correlate to the measured surface areas of the silica
pretreated at any calcination temperature, all of which were rea-
sonably constant.

According to Table I, a significant difference is observed in the
reduction of pore volume, which ranges between 50 and 70%,
in agreement with previous work.”»** Decreases in the pore
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(c)

Figure 1. Al distribution on the MAO-modified PQ (left) and the EP 12 (right) silicas that were previously calcined at different temperatures: (a) 110°C;
(b) 250°C: (c) 450°C. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

volume of the silica after chemical modification show that
MAO reacts with the available hydroxyl groups inside pores.
Decreases in the surface area and pore diameter also confirm
the successful immobilization of MAO in the supports. These
results indicate that MAO grafting or impregnation likely
involve sites situated within the pore network.

The availability of surface hydroxyl groups on silica can be eval-
uated by infrared spectroscopy (IR), and conclusions may be
drawn regarding the immobilization method or the type of
silica employed. Figures 2 and 3 depict the infrared spectrum of
MAO modified PQ and EP12 silica at each calcination tempera-
ture. An internal reference band (750-800 cm™ ') was used to
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normalize the area of the total OH band at 3200-3500 cm '

(Table I). The ratio of these areas corresponds to the total OH
content on the MAO-modified silica surface. A larger number
of silanol groups (available for modification) were detected in
the 110°C treated MAO-modified silica compared to those pre-
pared at 250 and 450°C. Atiqullah et al. found that commercial
silicas lost all physisorbed water when heated at approximately
180°C.>' The surface OH density in silica decreased with
increasing calcination temperature. After treatment at high tem-
peratures (450°C), the silica surface presents mainly isolated
and, to a lesser extent, both geminal hydroxyl groups and sur-
face siloxane bridges. The broad bands observed from 2600 to
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Figure 2. Comparative FT-IR spectra of the MAO modified silica PQ at

different calcination temperatures: (a) 110°C; (b) 250°C and (c) 450°C.

[Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]

3500 cm ™~ ' also indicate the presence of water and a silanol spe-
cies in the 110°C system.’® The FT-IR spectrum of the silica
treated at 110°C also shows a band at 1077 cm™' that can be
attributed to the v,4si—o) asymmetric stretching of the siloxane
rings that construct the silica network. This stretching intensity
was smaller for the systems calcined at 250 and 450°C, likely
due to the decrease in silanol concentration. Silicas modified at
250 and 450°C have weak intensity bands in the range of 3720-
3730 and 3740-3750 cm ™' attributed to OH groups perturbed
by hydrogen bonding and isolated surface OH groups, respec-
tively. The latter are found as sharp bands in unmodified silica
(not shown in the ﬁgures).24

Small angle X-ray scattering (SAXS) was used to obtain struc-
tural details about the MAO modified silica supports. Figure 4
presents the experimental SAXS data for the systems studied in

@
« (®)
Q
o
=
@©
2
2 ©
2 |
0 T T T T T T
500 1000 1500 2000 2500 3000 3500

Wavenumber.(Cm™
Figure 3. Comparative FT-IR spectra of the MAO modified silica EP12 at
different calcination temperatures: (a) 110°C; (b) 250°C and (c) 450°C.
[Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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Figure 4. SAXS curves of the MAO modified silica supports calcined at
110°C (a) MAO modified silica EP12; (b) MAO modified PQ. [Color fig-
in the online which is available at

ure can be viewed issue,

wileyonlinelibrary.com. ]

this work and the unified fits for materials calcined at 110°C
(other calcination temperatures showed similar particles). As no
differences were observed between the scattering patterns of sili-
cas before and after the MAO impregnation, the differences in
the SAXS curves among the MAO modified silicas can be attrib-
uted to the nature of each type of commercial silica. In general,
silicas are industrially produced from sodium silicate solutions;
therefore, the observed differences in SAXS data may be attrib-
uted to variations in synthesis conditions such as pH, silicate
concentration and drying conditions.>

The SAXS curves of the MAO-modified silicas indicate a struc-
ture with only one level of organization containing a shoulder-
type Guinier region and power-law decay. The Guinier region
allows an estimation of the radius of gyration (R,), while the
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Table II. Catalyst Activity of Et,IndZrCl, in Ethylene Polymerization Using MAO-Modified Silicas and Characteristics of the Resulting Polymers

Catalyst activity

Silica type Al/Si (Kgpolym molZrt h™1) Tm (°C) ¥ (%) My MM
Homogeneous - - - - 81,000 2.1
PQ (110) 0.24 1000 132 56 172,000 3.8
PQ (250) 0.19 800 132 57 135,000 3.1
PQ (450) 0.27 1260 132 56 n.d. n.d.
EP12 (110) 0.3 790 131 54 152,000 4.1
EP12 (250) 0.23 610 132 56 122,000 29
EP 12 (450) 0.17 560 132 57 n.d. n.d.
RSD = 5-10%.

Al/Zr =500, [Zr] =1 x 1075, time = 30 min, pressure = 2.5 bars, temperature = 60°C; y = crystallinity.

power-law gives details about the organization of the system.
According to Figure 4, the R, values for the MAO-modified
EP12 and PQ silicas were ~4.9 and ~6.1 nm, respectively,
which can be attributed to the presence of elementary silica par-
ticles or the existence of pores. The latter hypothesis was dis-
proved by N, adsorption—desorption analysis, which indicated
pore diameters of 55 and 21 nm for the EP12 and PQ materials,
respectively. These values are extremely large when compared
with the SAXS measurements. The alternative scenario, in which
the R, corresponds to the elementary silica particles formed in
the reaction process, is supported by earlier work.’>*” Addition-
ally, the power-law decay indicated that these elementary silica
particles present smooth surfaces (g~ *). These coefficient values
are related to the fractal geometry of the MAO-modified silica.

Catalysts Activity in Ethylene Polymerization

Metallocene moieties may be supported in situ, eliminating the
necessity of a pre-polymerization supporting step, as is the case
in the commercial supported MAO (SMAO). Polymerization
mechanisms of such systems have been discussed elsewhere.*”
The in situ supported Et[Ind],ZrCl, is not active in the absence
of trimethylaluminum (TMA)'>; however, the addition of TMA
during polymerization activated the catalyst.*>'* The addition
of MAO (external MAO) to the in situ supported metallocene
also increases the polymerization rate.”> The MAO-modified
silica, with a low ratio of external MAO to the catalyst (Al/Zr),
was used instead of commercial SMAO for in situ polymeriza-
tion. The results of the ethylene polymerization using rac-
Et(Ind),ZrCl, as the co-catalyst are summarized in Table II.

Increasing the Al/Si ratio increased the catalyst activity for both
MAO modified silicas. However, as shown in Table II, increased
calcination temperature for the EP 12 silica resulted in
decreased catalyst activity due to a decrease in Al loading. For
the MAO modified PQ silicas, the highest activity was found
for the sample calcined at 450°C due to the high Al content
observed by EDX (Table I). In either case, the highest activity
was observed for the sample with the highest Al content. A
comparison of the activities of the two series clearly indicated
that the PQ silicas were more active than the EP 12 materials.
The observed differences in the activities of the silica-supported
catalysts may be attributed to the amounts of [Al]yao present
in each silica and surface properties such as the surface area
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and pore volume. It is worth mentioning that alkylaluminum
immobilization takes place through a grafting reaction, which,
in turn, depends on accessible OH groups. According to correla-
tion analysis, in the case of EP, a strong Pearson correlation was
found between the Al/Si ratio and the number of total OH
groups (0.922). A strong, indirect Pearson correlation between
the Al/Si ratio and pore diameter (—0.980) was also observed:
the narrower the pore diameter, the higher the Al/Si content.
Such results suggest that in the case of EP, a large fraction of
alkylaluminum might be preferentially grafted on the uppermost
surface, as achieved by low-temperature calcination (110°C).
However in the case of PQ, a strong Pearson correlation was
observed between Al/Si and pore diameter (0.786), suggesting
that larger pore diameters are related to higher Al/Si values. It
may be postulated that as thermal treatment removes the outer-
most silanol groups, alkylaluminum is forced to react with the
remaining silanol groups available deeper within pores.

The degree of interaction between the support and the [Al]lyao
can be determined by TGA.”® Our study of these systems led us
to propose a support-[Al]pao interaction similar to those
described by Pothirat et al. ** This framework postulates that
connections are formed between oxygen on the support and the
Al of the co-catalyst. Because different types of support-
materials have different surface properties, each may contain its
own O—Al bonding scheme with different bond energies and
degrees of interaction. TGA can provide useful information
about the degree and strength of the [Al]ya0 interaction with
the support in terms of weight loss and the removal/decomposi-
tion temperature. Overly strong interactions between [Al]yao
and the support can inhibit interactions with the metallocene
catalyst during the polymerization processes, leading to low
polymerization activities. The TGA profiles for the [Al]yao on
the MAO modified silicas calcined at 110°C are shown in Figure
5 and display a similar profile for each support (similar profiles
were obtained for other calcination temperatures not shown
here). We observed that the weight loss of the [Al]yjao from
each support was in the order of PQ (22%) >EP12 (13%),
indicating that the [Al]yao present on the EP12 support was
more strongly bound than the [Al]yao on the PQ support.
Despite the weaker Ogyppor—Alcocatalyst interactions, higher activ-
ities were obtained for the PQ support (Table II).
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Figure 5. TGA profiles of the MAO modified supports: (a) EP 12; (b)

PQ, both calcined at 110°C. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]

The resulting polymers showed similar melting points. Table II
shows the molecular weight and the molecular weight distribu-
tion of the polymers produced by homogenous and supported
metallocene catalysts. The molecular weight distribution of the
polymers made with the in situ supported metallocene was
broader than those made with the homogeneous catalyst. This
effect may indicate that there are at least two different species
active for the polymerization of ethylene on the in situ sup-
ported metallocene catalyst. The polymer produced with the
homogeneous Et[Ind],ZrCl, catalyst had a narrow distribution,
characteristic of a single site catalyst.

Comparison of Two Types of Silica

Table IIT shows a comparison between some of the properties
of the two types of the MAO-modified silica. MAO modified
PQ silicas showed a higher activity in polymerization than the
MAO modified EP 12 silicas. This result could be explained by
factors indicated in TGA and EDX analyses, including the rela-
tively large amount of [Al]yao on the PQ silica, the difference
in bonding interactions between the Oguppor—Alcocatalyst ON the
two materials, and differences in the degrees of homogeneity of
the MAO impregnation on the support surface.

Pullukat et al®* showed that metallocene catalysts present

higher activities when supported on high-pore-volume silicas
due to the resultant higher metal loading. Generally, as the pore
volume increases, there is an increased tendency for the material
to fragment with the accumulation of the polymer.*® This high-
pore-volume behavior was more prevalent in the MAO-

Table III. Some Properties of MAO Modified Silica
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modified PQ silica than in the comparatively low-pore-volume
MAO-modified EP12 (Table III). The modified PQ material
presented a higher surface area than the modified EP12 silica.
The latter silica showed lower activity in polymerization. This
result is attributed to the better accessibility of monomer units
to the active sites*® or, as suggested by Greco et al,*' to the
presence of more evenly spaced active catalytic species. These
MAO modified silicas showed somewhat higher activities than
other supported systems'®'>*? and required the addition of less
external MAO ([Al] : [Zr] = 500) than other supported metallo-
cenes, which frequently require [Al] : [Zr] = 1000-3000 to give
effective concentrations of the active zirconocenium cati-
ons.”>*>** However, comparisons between the performances of
individual catalysts should be made with caution, as polymer-
ization conditions are seldom standardized.

Nevertheless, it is clear that the two silicas differ in terms of
surface area. A multivariate analysis of MAO-modified silica
characteristics, catalyst activity and polymer properties showed
evidence of a strong Pearson’s correlation between Al/Si ratio
and catalyst activity (0.976 and 0.963 for silicas EP and PQ,
respectively), indicating that such a parameter may indeed affect
catalyst performance. In the case of surface area, a strong indi-
rect Pearson’s correlation was observed for the EP silica
(—0.887), indicating that increasing the surface area reduces
catalyst activity. For PQ silica, a modest positive correlation was
observed (0.482). This result indicates the importance of silica
surface area in the present results.

CONCLUSION

The activities of supported catalysts based on the two types of
silica were investigated. SAXS data showed similar scattering
patterns for the two the types of silica. The power-law decay
indicated that the elementary silica particles present smooth
surfaces. The highest activity observed for the MAO-modified
silicas was achieved by material with the highest Al/Si ratio.
However, the calcination temperatures of the materials yielding
the best catalytic activities differed for the two types of silica
(450°C for PQ and 110°C for EP12), suggesting that other tex-
tural parameters may also be responsible for the catalyst per-
formance. The relatively higher surface area and pore volume of
the PQ silica were the primary parameters affecting catalyst
activity. The lower strength of the Oguppor—Alcocatatyse bond in
the PQ silica, compared to that of the EP 12 material, is
another reason for the higher activity. The properties of the cat-
alytically synthesized polymers, such as the melting point and
the degree of crystallinity, were not found to be dependent on
the type of silica used.

MAO modified Osypport=Alcocatalyst Activity in
silica Al loading bonding Pore volume Rg (nm) Surface area polymerization
PQ Higher Weaker Higher 6.1 Higher Higher

EP 12 Lower Stronger Lower 4.9 Lower Lower
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