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Abstract. The MCM-41 (Mobil Composition of Matter)
and SBA-16 (Santa Barbara Amorphous) supported TiCl,
and TiCl /MgCl, catalysts with different molar ratios of
Mg/Ti were synthesized and used for ethylene
polymerization under atmospheric pressure. The
nanochannels of these supports serve as a hanoscale
polymerization reactor and the polyethylene nanofibers
were extruded during the reaction. The effect of MgCl,
on catalytic activity and morphology of resulting
polyethylene has beeninvestigated too. MgCl,, has enhanced
the catalytic activities and made the SBA-16/MgCl /TiCl,
catalytic system has fibrous morphology.
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1. Introduction

In recent years the production of polyolefins is
continuously growing and predicted to rise at a high rate.
Intense research has been carried out on olefin
polymerization catalysis, in order to develop new catalytic
systems capable of producing new materials, as well as
developing more economic and versatile processes.

Different kinds of metal halides or oxides have been
used as a support of the catalyst for olefin polymerization.
MgCl, has been reported as a good support for preparation
of highly active Ziegler-Natta catalysts. Inorganic
compounds such as silica and alumina, when used as a
support of polymerization catalyss, play an important role
in controlling the morphology of growing polymer particles,
due to a large surface area and wide range of pores size
distribution. It is possible to control the catalytic activity as
well as morphology of growing particles by using bi-
supported Ziegler-Natta catalysts [1-3].

To control the morphology of resulting polymer,
mesoporous materials with constrained geometries can be
expected to be suitable supports for catalyst preparation.
That is why many attempts have been made to prepare

the Si and/or Al based mesoporous structures with a larger
surface area and more uniform pore size distribution than
conventiona slicaand/or alumina. Mesoporous Silica Fiber
(MSF), Mobil Composition of Matter (MCM-41), Santa
BarbaraAmorphous (SBA-15), Anodized Aluminum Oxide
(AAO) and alumino-silicate (AI-MCM-41, Al-SBA-15)
structures with regular, ordered hexagonal pores and
narrow pore size distribution are the exampleswhich have
been used as a support for preparing heterogeneous
catalysts. The geometrical shape of the nanochannels can
serve as nanoscal e polymerization reactors [4-5] to affect
the pattern of a monomer insertion and to control polymer
chain structure and morphology. Polyethylene nanofibers,
anew morphology of synthesized polymers were prepared
for the first time by Aida et al. [6] with MSF supported
titanocene catalyst via a polymerization process termed
asextrusion polymerization. MCM-41, SBA-15, AAO and
alumino-silicate structures have been used as support of
metall ocene and Ziegler-Natta catalystsfor polymerization
of ethylene or propylene[5, 7-23]. The major morphol ogy
of polymers prepared by these catalytic systems is
polyethylene nanofibers or confined PE and PP,

Inthis study MCM-41 and SBA-16 supported TiCl /
MgCI, catalysts were synthesized and used for ethylene
polymerization under atmospheric pressure. The effect
of MgCl,, as the second support, on the morphology of
resulting polyethylene was investigated.

2. Experimental

2.1. Materials

All manipulationsinvolving air and/or water sensitive
compounds were performed under nitrogen atmosphere.
n-Hexadecyl trimethylammonium bromide, aqueous
ammonia (reagent grade 25 wt %), titanium tetrachloride,
anhydrous magnesium chloride and tetrahydrofuran were
purchased from Merck. Tetraethoxysilane (TEOS) was
purchased from Acros. Triethylaluminium (AIEt,) was
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purchased from Aldrich. Pluronic F127 was purchased from
Sigma. Polymerization-grade ethylene and nitrogen, both
with purity of 99.999 % were passed through the columns
of silica gel with 3 and 4 A molecular sieves. Hexane was
distilled and refluxed over sodium wire with benzophenone
as an indicator then distilled again before use.

2.2. Preparation of Catalyst Systems
and Ethylene Polymerization

MCM-41 and SBA-16 powders were prepared
according to the literature [24-25] and were treated in
flowing ultrahigh-purity nitrogen at 673 K for 9 h before
use in catalyst preparation.

The MCM-41 and SBA-16 supported TiCl, and
TiCl /MgCl, catalysts were synthesized by anchoring
Ti/Mg bimetallic complex into the nanochannels of the
supports, in the same way discussed in our previous work
[23].

The ethylene polymerization was carried out in a
250 ml round bottom flask with a Teflon stirrer under
atmospheric pressure. Hexane and catalyst were added
into the flask. The mixture was saturated with ethylene
and stirred for several minutes. At the temperature of
323K polymerization wasinitiated by adding an appropriate
amount of AIEt, to thereactor. Thereaction wasterminated
at fixed time by adding of dilute hydrochloric acid solution
in methanol. The polymer was filtered and then dried at
333 K overnight.

2.3. Characterization of Supports and
Polymers

The X-ray powder diffraction (XRD) spectra were
recorded on a Philips X’ pert diffractometer. The nitrogen
adsorption—desorption isotherms were measured at
BEL SORP-mini adsorption apparatus. The specific surface
area of supports was obtained based onthe BET (Brunauer,
Emmett, and Teller) method. The mean pore diameter was
calculated using BJH (Barrett—Joyner—Halenda) method.
A scanning e ectron microscopy (Philips XL30) was used
for investigati ng the morphol ogy of supports and polymers.
The samples were deposited on a sample holder and
sputtered with gold.

3. Results and Discussion

3.1. Characterization of Supports

Fig. 1 shows the XRD spectra of MCM-41 and
SBA-16. These spectra can be indexed on 2D hexagonal
and the cubic Im3m structuresfor MCM-41[24] and SBA-
16 [25-26] respectively.

Fig. 2 shows the nitrogen adsorption—desorption
isotherm of the MCM-41 and SBA-16. The adsorption

and desorption isotherms of nitrogen on the samples show
the typical type IV isotherm according to the IUPAC
nomenclature for MCM-41 [24] and SBA-16 [25-26],
respectively. Table 1 summarizes the structure parameters
of MCM-41 and SBA-16, including specific surface area,
mean pore diameter and pore volume from the nitrogen
adsorption— desorption analysis.

Figs. 3 and 4 show the SEM micrograph of MCM-
41 and SBA-16, respectively. The MCM-41 has rod-like
structure of about 1-3 um in length and about 0.5 pum in
diameter. The SBA-16 particles with the size around 5
pm are made of the aggregation of particles with a
submicrometric size.
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Fig. 1. X-ray diffraction patterns of MCM-41
and SBA-16
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Fig. 2. Nitrogen adsorption—desorption isotherm
of MCM-41 and SBA-16
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Table 1
Structur e parameter s for the supports®

Support Seer” Mg V,.% milg d, % A
MCM-41 1070 0.78 26.8
SBA-16 809 0.52 534

®S,., iSBET specific surface area; Vp isspecific porevolume;
dp, isporediameter; ® datafrom BET equation; ¢ datafrom adsorption;
d data from BJH calculation

3.2. Characterization of Catalysts

Titanium and magnesium loadings on the supports
were determined by Inductively Coupled Plasma—Mass
Spectroscopy (ICP-MS). The results are shown in Table
2. MCM-41 has a larger surface area than SBA-16 and
more —OH groups per mass unit of supports are present
on the surface for the reaction with TiCl, or TiCl /MgCl,
bimetallic complexes. So it is of evidence that more Ti
and Mg are chemisorbed on the surface of MCM-41.
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Fig. 4. SEM micrograph of the SBA-16

Table 2
Chemisorbed elements on the catalysts
Mole| ..
Run Catdyst ratio® ;In%:;];a;;t h:nggﬁgtac:t
Mo/Ti
1 |SBA-16/TiCl, 0 0.142 -
2 |SBA-16/MgCl,/TiCl, 1 0.138 0.127
3 |SBA-16/MgCl,/TiCl, 2 0.144 0.214
4  |MCM-41/ TiCl, 0 0.151 -
5  |MCM-41/ MgCl,/ TiCl, 1 0.154 0.123
6 |MCM-41 MgCl,/ TiCl, 2 0.163 0.232

@ used in catalysts preparation

3.3. Ethylene Polymerization

The MCM-41 and SBA-16 supported TiCl, and
TiCl /MgCI, catalysts were used for ethylene
polymerization. Fig. 5 shows the effect of MgCl, on the
catalytic activities. MgCl, has enhanced the activities of
both supported catalysts. The rate enhancement effect of
MgCl., insilica supported catalysts has been well discussed
intheﬁterature[l—& 27-28]. TiCl, inthe presence of MgCl,
forms bimetallic complexes which are chemisorbed on
the surface of the support and have higher activities than
in the case when TiCl, is used alone. Dueto higher surface
area, MCM-41 supported catalysts have shown a higher
activity than SBA-16 supported catalysts.
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Fig. 5. Effect of MgCl, on catalytic activities. (Solvent is
hexane, Al/Ti molar ratio is 30, polymerization pressure is
101 kPa, temperatureis 323 K and timeis 30 min.)

3.4. The Morphology of the Resulting PE

Morphol ogical investigation of theresulting PE was
conducted with SEM. Figs. 6, 7 and 8 show the SEM
micrographs of the resulting PE prepared by MCM-41/
MgCI/TiCl, catalyst with Mg/Ti molar ratios of 0, 1 and
2, respectively. These figures show that the PE has a
fibrous morphology.
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MCM-41/TiCl, catalyst

Fig. 9. Conceptua scheme for the growth of crystalline
fibers of polyethylene
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Fig. 7. SEM micrograph of the polyethylene prepared by Fig. 10. SEM mi crograph of the polyethylene prepared by
MCM-41/MgCl /TiCl, catalyst (Mg/Ti = 1) SBA-16/TiCl, catalyst
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Fig. 8. SEM micrograph of the polyethylene prepared by Fig. 11. SEM micrograph of the polyethyl ene prepared by
MCM-41/MgCl/TiCl, catalyst (Mg/Ti = 2) SBA-16/MgCl,/TiCl, catalyst (Mg/Ti = 1)

The PE nanofibers result from the control of  pores and the pore diameter (29 A) is much smaller than
MCM-41 nanochannels to the direction and dimension of  the lamellar thickness (270 A) of the folded-chain crystals
PE chains propagation [20]. MCM-41 consists of  of an ordinary polyethylene [29]. When the ethylene
honeycomb shaped array of unidimensional, hexagonal ~ monomers pass into the channel, the wall of the channel



Ethylene Extrusion Polymerization by Heterogeneous bi-Supported Ziegler-Natta Catalysts 71

can control the direction of ethylene propagation and the
PE extended-chains are formed. Then these extended-
chains grow out of MCM-41 nanochannels and assemble
to form nanofibers (Fig. 9) [6].

Fig. 10 showsthe SEM micrographs of the resulting
PE prepared by SBA-16/TiCl, catalyst. Thisfigure shows
that the PE mainly has an amorphous morphology and a
few nanofibers appeared on the surface of polymer
particles. Figs. 11 and 12 show the SEM micrograph of
PE prepared by SBA-16/MgCl /TiCl, catalysts with
Mg/Ti molar ratios of 1 and 2, respectively. When MgCl,
was used in SBA-16 supported catalysts, the resulting PE
had a fibrous morphology.

The presence of MgCl, in the preparation of
SBA-16 supported catalyst made the resulting PE have
more nanofibers. One possiblereason may be theinfluence
of polymerization rate on the formation of nanofibers
growing out of nanochannels. SBA-16 has an Im3m cubic
structure with cylindrical nanochannels. At lower
polymerization rates, the chains growing out of
nanochannels have longer time for relaxing and forming
the floccules or folded chain crystals[20]. While at higher
polymerization rates, they do not have enough time to
relax and tend to be located in the extended chain crystals.
In our results, when MgCl, was used, the polymerization
rateincreased and evidently more nanofiberswereformed.

SBA-16/MgCl /TiCl, catalyst (Mg/Ti = 2)

A comparison between the nanofibers prepared
from MCM-41 and SBA-16 supported catalysts shows
that MCM-41 |leads to longer and thinner nanofibers. This
may be related to the size of nanochannels diameter and
to the catalytic activity aswell. SBA-16 has alarger pore
size which may contain more growing polymer chains.
Also, due to lower activity, these extruded chains have
more time to relax and have fewer tendencies to form
longer fibers. Therefore, the PE prepared from SBA-16
supported catalysts has thicker and shorter nanofibers.

4. Conclusions

MCM-41 (Mobil Composition of Matter) and SBA-
16 (Santa Barbara Amorphous) supported TiCl, and
TiCl /MgClI, catalysts were synthesized for ethylene
polymerization under atmospheric pressure. The active
siteswere formed inside the nanochannels of the supports.
The ethylene monomer diffused into the channels and
growing polyethylene chains were extruded to form
nanofibers. PE nanofibers were prepared from MCM-41
supported catalysts. MCM-41 showed higher activity than
SBA-16 supported catalysts. MgCl,, has enhanced the
catalytic activities of both supports and made the SBA-16
supported catalysts have fibrous morphology in the
resulting polyethylene.
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EKCTPY3IMHA TOJIMEPU3ALISA ETUIEHY
TFETEPOI'EHHUMU JIBOKOMIIOHEHTHUMHA
KATAJII3ATOPAMMU TUTJIEPA-HATTA

Anomauia. Ha ocnoei TiCl, ma TiCl IMQCI, cunmeszosano
MCM-41 ma SBA-16 xamanizamopu 3 pizHUM MOJbHUM
cnisgionowennuam MQITi, aki nadani 6yru euxopucmani 0ns
nonimepusayii emuneny npu ammocgeprnomy mucky. Iloxkazano,
WO HAHOKAHANU HOCII6 Yux Kamanizamopié Cciy2yiomo
HAHOMACWMABGHUM PeaKmopom noaimepusayii, wo 0038014€ nio
uac peaxyii ekcmpyoysamu noiemuieHosi HaHoB8OIOKHA . Bugueno
8NIAUB MgCI2 Ha Kamaximuyuy akmueuicmes i mMopgono2ino
ompumanozo noniemuneny. Bemanosneno, o MJCl, niosuwye
Kamanimuyny akmueHicmo i Haoae kamanimuynit cucmemi SBA-
16/MgCI./TiCl, sonoxnucmoi cmpyxmypu.

Knrwuoei cnosa:. nonimepusayis Luenepa-Hamma,
noniemunien, ekCmpy3itina noimepusayis, HaAaHOB8OJOKHO.





