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I
n this work, the boron (B) modification of MCM-41-supported dMMAO/zirconocene

catalysts showed a promising increase (almost twice) in catalytic activity in ethyl-

ene/1-octene copolymerization. The enhanced activity can be attributed to the

decreased interaction between the support and dMMAO with boron modification as

was proved by TGA. It was proposed that boron acted as a spacer anchoring the sup-

port and dMMAO. However, at high boron loading (ca. 5 wt%), the activity slightly

decreased due to the migration of dMMAO into boron layer resulting in less surface

concentration of [Al]dMMAO which was measured by XPS. The inhibition of chain trans-

fer reaction during polymerization apparently occurred upon the boron modification

providing higher MW polymer. It was also suggested that boron modification has ren-

dered more uniform catalytic sites which was leading to narrower MWD of the polymer

observed. Based on 13CNMR, boron modification did not affect the microstructure of

copolymers obtained. However, the insertion of 1-octene increased with boron modifi-

cation probably due to decreased steric hindrance of the MCM-41 support.    

A B S T R A C T

Key Words:

Effect of Boron-modified MCM-41-supported

dMMAO/Zirconocene Catalyst on

Copolymerization of Ethylene/1-Octene 

for LLDPE Synthesis

Supaluk Jiamwijitkul, Bunjerd Jongsomjit*, and Piyasan Praserthdam

Center of Excellence on Catalysis and Catalytic Reaction Engineering,
Department of Chemical Engineering, Faculty of Engineering

Chulalongkorn University, Bangkok-10330, Thailand

Received 16 July 2007; accepted 29 August 2007 

INTRODUCTION

supports; 
boron-modification; 
metallocene catalyst; 
copolymerization; 
polyolefins.

(*) To whom correspondence to be addressed:

E-mail: bunjerd.j@chula.ac.th

Iranian Polymer Journal

16 (8), 2007, 549-559

Available online at: http://journal.ippi.ac.ir

During the past years, metallocene
catalysts have had great impact on
both the academic research works
and polymer industry. Metallocene
catalysts have revolutionized olefin
polymerization catalysis because of
the tailor-made polymer properties.
They provide higher activity and
narrower molecular weight distri-
bution (MWD) when compared to

the conventional Ziegler-Natta
(ZN) catalysts. Furthermore, these
catalysts also produce a very uni-
form polymer due to their single-
site catalytic nature. However, it
was found that the homogeneous
metallocene catalytic systems have
two major disadvantages: (1) the
lack of morphology control of poly-
mer which causes the reactor foul-

 



ing and (2) the limitation of its use in solution process
whereas the existing technologies are mainly based on
gas phase and slurry processes. Therefore, binding these
metallocene catalysts onto inorganic supports can pro-
vide a promising route to overcome these drawbacks. 

In general, the heterogeneous metallocene catalytic
system (or supported system) apparently has a lower
activity than its corresponding homogeneous type under
similar conditions.  However, it is able to control the
polymer morphology due to the support employed,
avoid the fouling effect, and the sticking of the formed
polymer to the reactor wall [1]. Supported metallocene
catalysts are widely used in olefin polymerization [2-
15]. Some scientists have carried out this polymeriza-
tion by using the regular arranged mesoporous silica
materials such as MCM-41 as the support of metal-
locene catalysts [16,17]. Since its discovery in 1992
[18], MCM-41 and related mesoporous molecular sieves
have attracted much attention. As it is known, MCM-41
possesses unidirectional channel-like pores of rather
uniform size which are arranged in a regular hexagonal
pattern. The pores diameters are adjustable in the range
15 to 100 Å depending on the synthesis conditions [19].
Many scientists have investigated MCM-41 materials in
which a catalytically active component was introduced.
Several elements, such as Al [3,4 ] and B [20-22] have
been incorporated into the catalyst structure in order to
generate potential catalytic activity. Therefore, modifi-
cation of the MCM-41 may provide an alternative strat-
egy to obtain suitable supports to maintain high activity
as in the homogeneous system for the supported metal-
locene catalysts.   

In the present study, the effect of B-modification was
investigated on the MCM-41-supported dMMAO/zir-
conocene catalyst during ethylene/1-octene copolymer-
ization. In fact, the boron-modification was chosen
based on its promising property as a support modifier as
mentioned above. Besides, up to the present time, there
has not been any literature reporting about the effect of
boron-modification on MCM-41 support for the sup-
ported metallocene catalysts via ethylene/1-olefin
copolymerization. In particular, we have proposed that
boron-modification on MCM-41 probably alters the
polymerization activities of the supported metallocene
catalysts based on the changes in the interactions
between the support and catalyst.  Experimentally, the
amounts of boron loading onto the MCM-41 support

were also varied. The characterization of different sup-
ports was performed by means of N2 physisorption,
XRD, Raman spectroscopy, SEM/EDX, TGA, and XPS
techniques.  The polymer obtained was further analyzed
using SEM, 13CNMR, and GPC techniques in order to
determine the effect of boron-modification on molecular
weight (MW) and MWD.        

EXPERIMENTAL

Materials

All chemicals and polymerization were manipulated
under argon atmosphere, using a glove-box and/or
Schlenk techniques. Toluene was dried over dehydrated
CaCl2 and distilled over sodium/benzophenone before
use. The rac-ethylenebis (indenyl) zirconium dichloride
(rac-Et[Ind]2ZrCl2) was supplied from Aldrich.
Modified methylaluminoxane (MMAO) in hexane was
donated by Tosoh (Akso, Japan). Trialkylaluminium
(TMA, 2 M in toluene) was supplied by Nippon
Aluminum Alkyls, Ltd., Japan. Ultra-high purity argon
was further purified by passing it through columns that
were packed with BASF catalyst R3-11G (molecular-
sieved to 3 Å), sodium hydroxide (NaOH), and phos-
phorus pentaoxide (P2O5) to remove traces of oxygen
and moisture. Ethylene gas (99.96% pure) was donated
by National Petrochemical Co., Ltd., Thailand. 1-
Octene (d = 0.715) was purchased from Aldrich. 

Preparation of 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: NH3: SiO2: Na2O: H2O= 1:0.3:
4:1:200 (by mole), where CTABr denotes cetyltrimethyl
ammonium bromide. Briefly, 20.03 g of colloidal silica
Ludox HS 40% (Aldrich) was mixed with 22.67 g of
11.78% sodium hydroxide solution. Another mixture
comprised of 12.15 g of CTABr (Aldrich) in 36.45 g of
deionized water, and 0.4 g of an aqueous solution of
25% NH3. Both of these mixtures were stirred by agita-
tor (125 RPM) for 30 min, and then heated statically at
373 K for 5 days. The obtained solid material was fil-
tered, washed with deionized water until no base was
detected, and then dried at 373 K. The sample was then
calcined in the flowing nitrogen up to 823 K (1-2
K/min) in order to remove the CTABr template, then in
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air at the same temperature for 5 h. After preparation,
the MCM-41 support had pore diameter of 3 nm and
surface area of 864 m2/g.

Preparation of Boron-modified MCM-41 Support

Boron-modified MCM-41 supports were prepared by an
incipient wetness impregnation on the support. The
desired amount of the aqueous solution of boric acid
(99.99% H3BO3, Aldrich) was added onto the support to
yield a final loading of approximately 1 and 5 wt% of
boron.  The supports were dried overnight at 383 K and
then calcined in the air at 773 K for 4 h.

Preparation of Dried-MMAO 

MMAO solution (100 mL) in hexane was evacuated and
washed with toluene (100 mL × 2) to remove impurities.
Then washing was continued with heptane 6-8 times in
order to remove TMA and TIBA from MMAO solution
to obtain a dried MMAO (dMMAO) as a white solid. 

Preparation of Boron-modified MCM-41-supported

dMMAO

The boron-modified 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 mixture by evacuation. This proce-
dure is done once with 20 mL of toluene (20 mL × 1)
and 3 times with hexane (20 mL × 3). Then, the solid
part was dried under vacuum at room temperature.
Finally, the white powder of supported cocatalyst
(dMMAO/support) was obtained.  

Polymerization

The ethylene and 1-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 amount of rac-Et[Ind]2ZrCl2 and TMA
were mixed and stirred for 5 min for aging process.
Then, toluene (to make a total volume of 30 mL) and
100 mg of dMMAO/support were introduced into the
autoclave. After that, the mixture of rac-Et[Ind]2ZrCl2
and TMA were injected into the reactor. The reactor was
frozen in liquid nitrogen to stop reaction and then
0.018 mol of 1-octene was injected into the reactor. The
autoclave was evacuated to remove the argon. Then, the
reactor 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 (reading 6 psi on
pressure gauge). The reaction of polymerization was ter-
minated by addition of acidic methanol.  The time length
of reaction was recorded for purpose of calculating the
activity. The precipitated polymer was washed with
methanol and dried at room temperature.  

CHARACTERIZATION

Characterization of Support and dMMAO/support

N2 Physisorption
Measurement of BET surface area, average pore diame-
ter, and pore size distribution of MCM-41 support were
determined by N2 physisorption using a Micromeritics
ASAP 2000 automated system.

X-ray Diffraction
XRD was performed to determine the bulk crystalline
phases of samples. This was conducted using a Siemens
D-5000 X-ray diffractometer with CuKα (λ = 1.54439 Å).
The spectra were scanned at a rate of 2.4°/min in the
range 2θ = 10-80°.

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-1 with a resolution of 8 cm-1 was
applied. 

X-ray Photoelectron Spectroscopy
XPS was used to determine the binding energies (BE)
and surface concentration of samples. It was carried out
using the Shimazu Amicus with VISION 2-control soft-
ware. 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 pellets. The energy refer-
ence for Ag metal (368.0 eV for 3d5/2) was used for this
study. 

Scanning Electron Microscopy and Energy Dispersive
X-ray Spectroscopy
SEM and EDX were used to determine the sample mor-
phologies and elemental distribution throughout the
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sample granules, respectively. The SEM of Jeol mode
JSM-5800LV was applied. EDX was performed using
Link Isis series 300 program.

Thermal Gravimetric Analysis
TGA was performed using TA Instruments SDT Q 600
analyzer. The samples of 10-20 mg and a temperature
ramping from 303 to 873 K at 5 K/min were used in the
operation. The carrier gas was N2 UHP.

Characterization of Polymer

Scanning Electron Microscopy
SEM was performed to study morphologies of polymers
produced. The same equipment, as mentioned above
was employed.

Gel Permeation Chromatography
The molecular weight and molecular weight distribution
of polymer was determined using gel permeation chro-
matography (GPC, PL-GPC-220). Samples were pre-
pared 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 temperature 423 K. The dissolved and fil-
tered samples were transferred into the GPC instrument
at 423 K. The calibration was conducted using the uni-
versal calibration curve based on narrow polystyrene
standards.     

13CNMR Spectroscopy
13CNMR spectroscopy was used to determine the triad
distribution and 1-octene insertion indicating the
copolymer microstructure. Chemical shifts were refer-
enced internally to the CDCl3 and calculated according
to the method described by Randall [24]. Sample solu-
tion was prepared by dissolving 50 mg of copolymer in
1,2,4-trichlorobenzene and CDCl3. 13CNMR spectra
were taken at 333 K using Bruker Avance II 400 operat-
ing at 100 MHz with an acquisition time of 1.5 s and a
delay time of 4 s.

RESULTS AND DISCUSSION 

In this study, the catalytic activity of boron-modified
MCM-41-supported dMMAO with a zirconocene cata-
lyst was investigated during ethylene/1-octene copoly-

merization. In fact, the MCM-41 support having BET
surface area 863 m2/g was prepared, and then sequen-
tially it was modified with boron. The supports contain-
ing approximately 1 and 5 wt% of boron were designat-
ed as 1B-MCM-41 and 5B-MCM41, respectively. The
boron-modified MCM-41 supports were then character-
ized using XRD and Raman spectroscopy techniques.

The XRD patterns of the unmodified MCM-41 and
boron-modified MCM-41 supports are shown in
Figure 1.  It can be seen that the unmodified MCM-41
support exhibit the characteristic broad peaks of the
amorphous silica at ca. 10° to 30°. After modification
with 1 wt% of boron, the support still exhibited the sim-
ilar XRD patterns as the unmodified sample. This indi-
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Figure 1. XRD Patterns of unmodified and boron-modified

MCM-41 supports.

Figure 2. Raman spectra of unmodified and boron-modified

MCM-41 supports.



cated that B2O3 was highly dispersed which was invisi-
ble by XRD technique. However, when the boron
loading was increased to 5 wt%, the XRD peaks of B2O3

could be detected at ca. 14.6° (weak) and 27.9° (strong).
Raman spectra of supports with and without boron-
modification are shown in Figure 2. No significant
Raman bands were observed for the unmodified MCM-
41 support between 200 and 1000 cm-1. However, the
strong Raman band for B2O3 was observed at ca.
880 cm-1 for 5B-MCM-41. For the low boron loading
sample (1 wt%), the characteristic Raman band at
880 cm-1 was just slightly observed. It should be noted
that Raman spectroscopy is a rather surface technique.
Therefore, the observation of boron at low loading on
the surface could be possible and is not the same for the
bulk in the case of XRD technique. The morphologies
obtained from SEM of the MCM-41 support with and
without boron-modification are shown in Figure 3. Any
significant change in morphologies of the support was
not found upon boron-modification. After dMMAO
impregnation of the support, the distribution of ele-
ments, especially in [Al]dMMAO was determined using
EDX technique. It was found that the [Al]dMMAO was
well distributed all over the support granules. The typi-
cal EDX mapping for dMMAO/MCM-41 support is
illustrated in Figure 4.       

After the impregnation of dMMAO onto the unmod-
ified and boron-modified MCM-41 supports, the ethyl-
ene/1-octene copolymerization with rac-Et[Ind]2ZrCl2
catalyst was performed in the presence of supports at the
same condition for a comparative study in regards to the
catalytic activities derived from different supports. In
fact, the activation of a zirconocene catalyst with methy-
laluminoxane compound has been reported elsewhere
[25]. The activities of catalyst via various supports are
listed in Table 1. It was obvious that the homogeneous
catalytic system provided the highest activity among the
supported catalytic systems due to the absence of sup-
port interaction. Considering the supported system, it
can be observed that the boron-modified MCM-41
exhibited higher activity, almost twice the unmodified
MCM-41, for both the 1B-MCM-41 and 5B-MCM41
supports. It should be noted that an increase in the
amount of boron loading apparently resulted in a slight
decrease in the catalytic activity.  

In order to determine the effect of boron-modifica-
tion, XPS measurements were conducted on various
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(a)

(b)

Figure 3. SEM micrographs of: (a) MCM-41, (b) 1B-MCM-41,

and (c) 5B-MCM-41.

(c)



supports. The binding energies (BE) were measured for
B 1s and Al 2p along with the surface concentrations of
[B]Support and [Al]dMMAO. The XPS profiles (not shown)
for typical B 1s (BE ∼ 192.5-192.8 eV) and Al 2p (BE ∼
74.6-74.8 eV) on various supports are similar in this
study. It should be mentioned that the BE of Al 2p is also
in accordance with those on silica reported by Shiono
group [26]. It is suggested that no significant change has
happened in the oxidation state of B (support) and Al
(dMMAO) upon the various supports employed.  The
surface concentrations of [B]Support and [Al]dMMAO

measured by XPS technique are shown in Table 2.
Considering the surface concentrations of boron in dif-
ferent modified supports, it is found that in case of 1B-
MCM-41, boron (∼ 1.2 wt% at surface) has been most-
ly located on the surface of MCM-41, whereas in case of
5B-MCM-41 most borons are located in the bulk. This
indicates that only one forth of boron (only 1.3 wt%)
has been located at the surface. The surface concentra-
tions of Al as shown in Table 2 are also varied upon dif-
ferent supports employed.    

It can be observed that the surface concentrations for
the unmodified and 1B-MCM-41 supports were similar
(∼26.5-26.8 wt%). Although they had the equal amount
of Al concentration at the surface, the 1B-MCM-41
exhibited dramatically higher activity almost twice the
unmodified MCM-41 support. This indicated that
boron-modification would result in decreased interac-
tion between the support and dMMAO. As a result,
activity has strikingly increased with boron-modifica-

Effect of Boron-modified MCM-41-supported ... Jiamwijitkul S. et al.

Iranian Polymer Journal / Volume 16 Number 8 (2007)554

(a)

(b)

Figure 4. A typical SEM/EDX mapping of: (a) dMMAO/MCM-41

support, (b) Si distribution, and (c) [Al]dMMAO distribution.

(c)

System
B in support 

(wt%)

Polymer 

yielda 

(g)

Catalytic activityb

(x10-4 kg Pol.

mol.Zr-1.h-1)

Homogeneous

MCM-41

1B-MCM-41

5B-MCM-41

0

0

1

5

1.68

1.43

1.47

1.35

4.9

2.2

3.8

3.6

Table 1.  Catalytic activities of the boron-modified MCM-41-

supported dMMAO with zirconocene catalyst during ethyl-

ene/1-octene copolymerization.

(a) The polymer yield was fixed [limited by ethylene fed and 1-octene used

(0.018 mol equally)]. (b) Activities were measured at polymerization tempera-

ture of 343 K, [Ethylene] = 0.018 mol, [Al]dMMAO/[Zr]cat = 1135, [Al]TMA/[Zr]cat

= 2500, in toluene with total volume = 30 ml and [Zr]cat = 5x10-5 M.



tion. However, with the increase of boron loading in the
support (5B-MCM-41) the surface concentration of Al
has decreased significantly. This was presumably due to
the migration of Al into the boron layer. The lesser
amount of surface concentrations of Al would be the
main reason for the decreased activity observed in the
5B-MCM-41 support compared to the 1B-MCM-41
support. It is worth noting that even though the surface
concentration of [Al]dMMAO for the unmodified MCM-
41 support is essentially higher than that of the 5B-
MCM-41, the unmodified MCM-41 support, however,
has exhibited such an extent of lower activity. It is sug-
gested that the stronger support interaction in the
unmodified MCM-41 support played more important
role on the decreased activity than the amount of
dMMAO at the surface.  Hence, the unmodified MCM-
41 gave lower activity than the 5B-MCM-41 (lesser

amount of [Al]dMMAO on the surface). On the other
hand, strong support interaction was the key factor (not
the surface concentrations of [Al]dMMAO) to determine
the catalytic activity of this catalytic system. It may be
suggested that boron can act as a spacer to anchor the
support and dMMAO which leads to the fewer interac-
tions. In order to give a better understanding of the
effect of boron-modification on the surface concentra-
tions and strong support interaction as mentioned earli-
er, the proposed model is shown in Scheme I. The TGA
measurement was performed to prove the interaction
between the [Al]dMMAO and various supports. It is worth
noting that the interactions between [Al]MAO and sup-
port are very important factors.  Based on this study,
[Al]dMMAO was dispersed onto the supports by impreg-
nation method. The degree of interaction between sup-
port and [Al]dMMAO can be determined using the TGA
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Support
BE for B 1s

(eV)
BE for Al 2pa

(eV)

Mass concentration (%)

B Al

dMMAO/MCM-41

dMMAO/1B-MCM-41

dMMAO/5B-MCM-41

-

192.5

192.8

74.7

74.8

74.8

-

1.2

1.3

26.5

26.8

19.4

(a) Al 2p from dMMAO

Table  2. XPS Results for different supports.

Scheme I. Suggested model for effect of B loading on the surface concentrations of [Al]dMMAO determined

by XPS measurement; (a) dMMAO/MCM-41, (b) dMMAO/1B-MCM-41, and (c) dMMAO/5B-MCM-41.



measurement [27]. In order to give a better understand-
ing, we proposed the interaction of support and
[Al]dMMAO based on the review paper by Seven et al.
[28]. They have explained that the interconnection
between support and cocatalyst occurred via the
Osupport-Alcocatalyst linkages.  In particular, the TGA can
only provide useful information on the degree of inter-
action between the [Al]dMMAO and support in terms of
weight loss and removal temperature. As a matter of
fact, too strong interaction can bind [Al]dMMAO stronger
to the support to react with metallocene catalyst during
activation processes, leading to lower activity for poly-
merization. In contrast, leaching of [Al]dMMAO can
occur due to very weak interactions resulting in low
activity as well. Hence, optimum interaction between
the Osupport-Alcocatalyst linkage is crucial. 

The TGA profiles of [Al]dMMAO on various supports
are shown in Figure 5 indicating the similar profiles for
various supports. It was observed that the weight losses
of [Al]dMMAO present on various supports were in the
order of 5B-MCM-41 (20%) > 1B-MCM-41  (17%) >
MCM-41 (13%). The species having strong interactions
with supports were removed at ca. 553, 563, and 606 K
for 5B-MCM-41, 1B-MCM-41, and MCM-41, respec-
tively. This indicates that [Al]dMMAO present on MCM-
41 without boron-modification had the strongest inter-
action, and hence, lowest polymerization activity. 

Besides the effect of boron-modification on the cat-
alytic activity, it would be very interesting to further

investigate how this affect the polymer properties in
terms of molecular weights (MW), molecular weight
distribution (MWD), morphologies, and percentage
insertion of 1-octene. As known, the MW and MWD are
two of the most important properties used to classify the
application of polymers. The MW and MWD of poly-
mer obtained from different supports are shown in
Table 3.  Based on the GPC curve (not shown), only the
uni-modal molecular weight distribution of polymer has
been obtained. It can be observed that boron-modifica-
tion apparently results in a slight increase in MW of
polymer produced. This has suggested that inhibition of
chain transfer reaction during polymerization could be
achieved by boron-modification on MCM-41 support.
Furthermore, it is worth noting that the narrower MWD
is also evident for boron-modification indicating more
uniform catalytic sites have been formed.  

The morphologies of the obtained copolymers are
shown in Figure 6 indicating the similar morphologies
for the supported system, but different from the homoge-
neous system. The quantitative analysis of triad distribu-
tion for all copolymers has been conducted on the assign-
ment basis of the 13CNMR spectra [24].  The triad distri-
butions for all copolymers are shown in Table 4. All
copolymers produced from each support have exhibited
similar distributions having the majority for the triad of
EEE. Based on 13CNMR, it has been suggested that the
microstructure of copolymers was not affected by boron-
modification. However, considering the insertion of 1-
octene (Table 4), it was found that using boron-modifica-
tion has apparently yielded higher degree of 1-olefin
insertion. This may probably be due to the decreased
steric hindrance of the MCM-41 support.   
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Figure 5. TGA curves of unmodified and boron-modified

MCM-41 supports.

(a) Obtained from GPC and MWD was calculated from MW/Mn

Table 3. Molar weight (MW) and molecular weight distribution

(MWD) of polymers obtained via boron-modified MCM-41-

supported-MMAO with zirconocene catalyst.

System MWa

(x 10-4 g.mol-1)

Mna

(x 10-4 g.mol-1)
MWD

a

Homogeneous 

MCM-41

1B-MCM-41

5B-MCM-41

2.13

2.15

2.61

2.42

0.63

0.63

1.02

1.45

3.4

3.4

2.6

1.7
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System

Triad distribution of copolymer
O in copolymer

(mol%)
OOO EOO EOE EEE OEE OEO

Homogeneous

MCM-41

1B-MCM-41

5B-MCM-41

0

0

0

0

0.099

0.024

0.074

0.074

0.153

0.126

0.125

0.134

0.477

0.577

0.591

0.588

0.226

0.241

0.171

0.172

0.045

0.032

0.039

0.032

25

15

20

21

Figure 6. SEM Micrographs of the EO copolymer obtained by the (a) homogeneous system, (b) dMMAO/MCM-41, (c)

dMMAO/1B-MCM-41, and (d) dMMAO/5B-MCM-41.

Table 4. 13CNMR Analysis of ethylene/1-octene copolymer.

E: ethylene monomer and O: 1-octene comonomer

(a)                                                                 (c)

(b)                                                                 (d)



CONCLUSION

Based on the present study, it can be concluded that the
enhanced catalytic activity may be achieved via boron-
modified MCM-41 support for the supported
dMMAO/zirconocene catalyst during ethylene/1-octene
copolymerization. Boron can act as a spacer to anchor
the support and dMMAO which leads to lower interac-
tion. However, larger amounts of boron loading turned
to a slight decrease in activity due to the migration of Al
(dMMAO) into boron layer. In addition, the MW of
polymer was found to increase slightly with the boron-
modification due to inhibition of chain transfer reaction
during polymerization. Besides, a narrower MWD of
polymer which has been obtained with boron-modifica-
tion would be an indication of greater single site nature
of the catalytic system. Based on 13CNMR, boron-mod-
ification did not affect the microstructure of the copoly-
mers obtained. However, the insertion of 1-octene
increased with boron-modification, probably due to the
decreased steric hindrance of the MCM-41 support. 

ACKNOWLEDGEMENTS

We thank Thailand Research Fund (TRF) of RMU50-B.
Jongsomjit, National Research Council of Thailand
(NRCT), and the financial support from the graduate
school at Chulalongkorn University. Guidance of the
MCM-41 preparation by Dr. Panpranot is greatly appre-
ciated.

REFERENCES

1. Kaminsky W., Laban A., Metallocene catalysis,
Appl. Catal. A., 222, 47-61, 2001.

2. Galland G.B., Seferin M., Mauler R.S., Dos Santos
J.H.Z, Linear low-density polyethylene synthesis
promoted by homogeneous and supported catalysts,
Polym. Int., 48, 660-664, 1999.

3. Rahiala H., Beurroies I., Eklund T., Hakala K.,
Gougeon R., Trens P., Rosenholm J.B., Preparation
and characterization of MCM-41 supported metal-
locene catalysts for olefin polymerization, J. Catal.,
188, 14-23, 1999.

4. Lee K.-S., Oh C.-G., Yim J.-H., Ihm S.-K.,

Characteristics of zirconocene catalysts supported
on Al-MCM-41 for ethylene polymerization, J. Mol.
Catal. A-Chem., 159, 301-308, 2000.

5. Galland G.B., Seferin M., Guimarães R., Rohrmann
J.A., Stedile F.C., Dos Santos J.H.Z., Evaluation of
silica-supported zirconocenes in ethylene/1-hexene
copolymerization, J. Mol. Catal. A-Chem., 189,
233-240, 2002.

6. Quijada R., Retuert J., Guevara J.L., Rojas R., Valle
M., Saavedra P., Palza H., Galland G.B., Results
coming from homogeneous and supprted metal-
locene catalysts in the homo- and copolymerization
of olefins, Macromol. Symp., 189, 111-125, 2002.

7. Jongsomjit B., Kaewkrajang P., Wanke S.E.,
Praserthdam P., A comparative study of ethylene/α-
olefin copolymerization with silane-modified silica-
supported MAO using zirconocene catalysts, Catal.
Lett., 94, 205-208, 2004.

8. Jongsomjit B., Praserthdam P., Kaewkrajang P., A
comparative study on supporting effect during
copolymerization  of ethylene-1-olefin with silica-
supported zirconocene/MAO catalyst, Mater. Chem.
Phys., 86, 243-246, 2004.

9. Jongsomjit B., Kaewkrajang P., Shiono T.,
Praserthdam P., Supporting effects of silica-support-
ed methylaluminoxane (MAO) with zirconocene
catalyst on ethylene/1-olefin copolymerization
behaviors for linear low-density polyethylene
(LLDPE) production, Ind. Eng. Chem. Res.,43,
7959-7963, 2004.

10. Britcher L., Rahiala H., Hakala K., Mikkola P.,
Rosenholm J.B., Preparation, characterization, and
activity of silica supported metallocene catalysts,
Chem. Mater. , 16, 5713-5720, 2004.

11. Jongsomjit B., Ngamposri S., Preserthdam P., Role
of titania in TiO2-SiO2 mixed oxides-supported met-
allocene catalyst during ethylene/1-octene copoly-
merization, Catal. Lett., 100, 139-146, 2005.

12. Jongsomjit B., Ngamposri S., Preserthdam P.,
Catalytic activity during copolymerization of ethyl-
ene and 1-hexene via mixed TiO2-SiO2-supported
MAO with rac-Et[Ind]2ZrCl2 metallocene catalyst,
Molecules., 10, 603-609, 2005.

13. Jongsomjit B., Khotdee A., Praserthdam P.,
Behaviors of ethylene/norbornene copolymerization
with zirconocene catalysts, Iran. Polym. J., 14, 559-
564, 2005.

Effect of Boron-modified MCM-41-supported ... Jiamwijitkul S. et al.

Iranian Polymer Journal / Volume 16 Number 8 (2007)558



14. Jongsomjit B., Panpranot J., Okada M., Shiono T.,
Praserthdam P., Characteristics of LLDPE/ZrO2

nanocomposite synthesized by in situ polymeriza-
tion using a zirconocene/MAO catalyst, Iran.
Polym. J., 15, 433-439, 2006.

15. Pipatpratanporn P., Jongsomjit B., Praserthdam P.,
Impact of process variables on properties of
polypropylene derived from the supported ziegler-
natta and metallocene catalysts, Iran. Polym. J., 16,
123-131, 2007.

16. Ko Y.S., Woo S.I., Copolymerization of ethylene
and α-olefin using Et[Ind]2ZrCl2 entrapped inside
the regular and small pores of MCM-41, Macromol.
Chem. Phys., 202,739-744, 2001.

17. Dong X., Wang L., Wang, W., Yu H., Wang J., Chen
T., Zhao Z., Preparation of nano-polyethylene fibers
and floccules using MCM-41-supported metal-
locene catalytic system under atmospheric pressure,
Eur. Polym. J., 41, 797-803, 2005.

18. Beck J.S., Vartuli J.C., Roth W.J., Leonowicz M.E.,
Kresge C.T., Schmitt K.D., Chu C.T-W., Olson
D.H., Sheppard E.W., McCullen S.B., Higgins J.B.,
Schlenker J.L., A new family of mesoporous molec-
ular sieves prepared with liquid crystal templates, J.
Am. Chem. Soc., 114, 10834-10843, 1992.

19. Oberhagemann U., Jeschke M., Papp H., Synthesis
of highly ordered boron-containing B-MCM-41 and
pure silica MCM-41, Micropor. Mesopor.  Mater.,
33, 165-172, 1999.

20. Sayari A., Danumah C., Moudrakovski I.L., Boron-
modified MCM-41 mesoporous molecular sieves,
Chem. Mater., 7, 813-815, 1995.

21. On T.D., Joshi P.N., Kaliaguine S., Synthesis, stabil-
ity and state of boron in boron-substituted MCM-41
mesoporous molecular sieves, J. Phys. Chem., 100,
6743-6748, 1996.

22. Charoenchaidet S., Chavadej S., Gulari E., Borane-
functionalized silica supports in situ activated het-
erogeneous zirconocene catalysts for MAO-free eth-
ylene polymerization, J. Mol. Catal. A-Chem., 185,
167-177, 2002. 

23. Panpranot J., Pattamakomsan K., Goodwin Jr, J.G.,
Praserthdam P., A comparative study of Pd/SiO2 and
Pd/MCM-41 catalysts in liquid-phase hydrogena-
tion, Catal. Commun., 5, 583-590, 2004.

24. Randall J.C., A review of high resolution liquid
13carbon nuclear magnetic resonance characteriza-

tions of ethylene-based polymers, Sci. Rev.
Macromol. Chem. Phys., C29, 201-315, 1989.

25. Jongsomjit B., Ngamposri S., Praserthdam P.,
Application of silica/titania mixed oxide-supported
zirconocene catalysts for synthesis of linear low-
density polyethylene, Ind. Eng. Chem. Res., 44,
9059-9063, 2005.

26. Hagimoto H., Shiono T., Ikeda T., Supporting
effects of methylaluminoxane on living polymeriza-
tion of propylene with a chelating
(diamide)dimethyl titanium complex, Macromol.
Chem. Phys., 205, 19-26, 2004.

27. Ketloy K., Jongsomjit, B., Praserthdam P.,
Characteristics and catalytic properties of [t-
BuNSiMe2Flu]TiMe2/dMMAO catalyst dispersed
on various supports towards ethylene/1-octene
copolymerization, Appl. Catal. A-Gen., 327, 270-
277, 2007.

28. Seven J.R., Chadwick J.C., Duchateau R.,
Friederichs N., “Bound but not gagged”-
Immobilizing single-site α-olefin polymerization
catalysts, Chem. Rev., 105, 4073-4147, 2005.  

Effect of Boron-modified MCM-41-supported ...Jiamwijitkul S. et al.

559Iranian Polymer Journal / Volume 16 Number 8 (2007)


