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ABSTRACT: In this article, preparation of novel MgCl2-
adduct supported spherical Ziegler–Natta catalyst for �-ole-
fin polymerization is reported. The factors affecting the par-
ticle size (PS) and particle size distribution (PSD) of the
prepared support were investigated. In this method, the
internal donor added while preparing MgCl2-adduct sup-
port was supposed to act as a crosslinking agent. Therefore
it provided a reasonable way to enhance the morphology

and control the PS of the resultant polymer particles. The
possible mechanism is discussed. © 2005 Wiley Periodicals, Inc.
J Appl Polym Sci 99: 945–948, 2006

Key words: spherical MgCl2-adduct support; morphology;
spherical Ziegler–Natta catalyst; particle size; propene poly-
merization

INTRODUCTION

Polyolefin is one of the most widely used polymer
materials. The ultimate key to the development of
industrial olefin polymers is the renovation of catalyst.
Generations of Ziegler–Natta catalyst for propene po-
lymerization brought about spectacular progress. The
concept of the total control of polymer by using
Ziegler–Natta catalyst gradually gained ground.1–4

Recently, by making use of the replication phenome-
non reported many years ago,2 active species sup-
ported on spherical MgCl2 support have made great
progress in controlling polymer morphology as spher-
ical particles.5–10 This has led to the invention of the
fourth-generation catalyst, which can produce poly-
mers with controlled morphology. By using this kind
of catalyst, the resultant polymer can replace the pel-
lets, thereby avoiding the granulation phase,6 which
will greatly simplify the posttreatment process and
save energy.

To fulfill this aim, research work was performed
focusing on synthesizing the “ideal” support, which is
indispensable for the “ideal” catalyst, for the morphol-
ogy and composition of the support play the deter-
mining role on the morphology of the final product.
Much interest has been taken in the recrystallization
method, which involves dissolving MgCl2 in electron-

donor solvents, e.g., alcohols and ethers, then recrys-
tallizing MgCl2 from the solution.5,10–14 In our previ-
ous work, different factors affecting the preparation of
spherical MgCl2 support were investigated. It was
found that the spherical morphology is easy to
achieve, but the firmness of the support was rather
difficult to control. One of the basic requirements for
the catalyst is to have enough mechanical resistance to
withstand manipulations and enough looseness to al-
low the pores developed by the growing polymer to
break down the catalyst into microscopical particles
that remain entrapped in the polymer. How to mod-
ulate the firmness of the catalyst to a proper extent in
the recrystallization method still remains a big prob-
lem.

Here we deal with this problem through a novel
route of synthesizing the spherical MgCl2 adduct sup-
port material containing di-i-butylphthalate. By apply-
ing this technology the sequent spherical catalyst was
prepared, and furthermore, the spherical polypropene
product was obtained. The resultant polypropene
product showed good morphology.

EXPERIMENTAL

Materials

Anhydrous MgCl2, AlEt3 (Fluka, Buchs, Switzerland),
and di-i-butylphthalate (DIBP) (Acros, Geel, Belgium)
were used as received. Diphenyldimethoxysiane, eth-
anol, paraffin oil, and methyl siloxane were dried over
4-Å molecular sieves before use. Hexane, toluene, and
petroleum ether were refluxed over a Na–K alloy be-
fore use. Polymerization-grade propene was further
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purified by passing over 4-Å molecular sieves. Prep-
aration and manipulation were all carried out under
dry, oxygen-free argon gas, using standard Schlenk
technique.

Preparation of the spherical mgcl2 adducts

First, in a three-necked, 250-mL flask (the first reactor)
with a mechanical stirrer, 8 g of MgCl2 was completely
dissolved in ethanol at 70–80°C and then DIBP was
added to the solution (the mole ratio of the reactants
are shown in Table I). In another flask, a mixture (150
mL) of methyl siloxane and paraffin oil (1/1 v/v) was
prepared at 120°C, and then the mixture in the first
reactor was transferred into this reactor (the second
reactor). Here, the MgCl2 solution was dispersed in
the inert medium at 120°C (the final dispersion). In the
end, the resultant mixture was introduced into 300 mL
of n-hexane at �20°C in the third reactor, and the final
MgCl2 was recrystallized, rinsed with n-hexane three
times, and dried in vacuo. In the previous ordinary
methods no internal donor was added.15

Characterization

The procedures of preparing the catalyst and polymer-
izations are the same as described in an earlier arti-
cle.15 Photographs of MgCl2 adducts, catalysts, and

polymers were taken on a Nitachis-450 optical micro-
scope. The catalyst particles were dispersed in anhy-
drous hexane and polymer particles in anhydrous eth-
anol. The particle size (PS) and particle size distribu-
tion (PSD) of the spherical support were measured on
a Coulter LS-230 particle size analyzer.

RESULTS AND DISCUSSION

Spherical mgcl2 support material

The MgCl2 spherical adduct support material pro-
duced by the novel route shows a better morphology

Figure 1 Morphology of spherical MgCl2: (a) 1s, (b) 2s, (c)
3s, and (d) 4s.

Figure 2 The particle size distribution of supports pre-
pared by adding DIBP.

Scheme 1 Possible structure of MgCl2-addcuct support
material.

TABLE I
Preparation Conditions of Spherical MgCl2 Adducts

Sample
no.

EtOH/MgCl2
(mol/mol)

DIBP/MgCl2
(mol/mol)

Is 2.8 0.177
2s 2.8 0.091
3s 3.2 0.090
4s 3.2 0
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than the support prepared by the ordinary way (Fig.
1), and fewer broken pieces were observed.

The possible reactions of preparation process and
the composition of the MgCl2 adducts are shown as
eqs. (1) and (2).16

MgCl2�EtOH3MgCl2�EtOH (1)

MgCl2�EtOH�DIBP7MgCl2�EtOH�DIBP (2)

Different conditions of preparing the support were
investigated (Table I). It is found that DIBP/MgCl2
ratio may change the PS and PSD of the prepared
MgCl2 adducts (Fig. 2), therefore this novel route pro-
vides a way to control the PS of the final product.

Equation (2) shows that after adding DIBP into the
MgCl2 alcohol solution, MgCl2�EtOH and MgCl2�
EtOH DIBP complexes will reach an equilibrium in the
reactor. In this way, the addition of DIBP may change
the surface tension and viscosity of the solution, and
therefore affect the formation of the spherical parti-
cles. Furthermore, DIBP may also influence the crys-
tallization process in the precipitation step. The reac-
tion of DIBP with MgCl2 has long been report-
ed.2,4,17,18 It was supposed that DIBP was more likely
to absorb on the 110 face of the MgCl2. When DIBP
reacts with two different microcrystallites, it plays a
role of a crosslinking agent (Scheme 1), thereby
strengthening the intensity of the recrystallizing par-
ticles and controling the PS. The support prepared by
this route is in favor of getting rid of the fragility of
catalyst, which is preferable in the sequential prepa-
ration of catalyst and the polymerization reaction.
What is more, it is easy to adjust the crosslinking
extent or the firmness of the MgCl2-adduct support by
changing the amount of DIBP added.

The process of support preparation is supposed to
be a complex one. There still exist a lot of factors that
can influence the PS and PSD of the resultant MgCl2
support.15 However, adding DIBP provides a reason-
able way to adjust the firmness of the MgCl2 adduct
support and to improve the morphology of the result-
ant support as well.

Spherical catalyst

It is found that the addition of DIBP during the sup-
port treatment with titanium was in favor of the tita-
nium loading (Table II). Yang et al.19 reported a pos-
sible mechanism by which DIBP may complex with
titanium. In this mechanism, DIBP took part in the
formation of the active species. The amount of DIBP
added in preparing the catalyst has little influence on
the morphology of the catalyst (Fig. 3). And the pre-
pared catalyst kept the spherical morphology of the
support.

Resultant polypropylene

Polymers produced by using catalyst 3c1 present a
good morphology (Fig. 4). The most outstanding ad-
vantage was that the polymerization of 3c1 was car-
ried out under a normal pressure. It means that the
catalyst can produce polymers with good morphology
and large size even under low monomer concentra-
tion, which will be very beneficial in industrial appli-
cation.

CONCLUSIONS

The spherical MgCl2 adduct support material was syn-
thesized by a novel route. It is supposed that the
addition of DIBP in this new method provides a way
to adjust the firmness of the MgCl2 adduct, and to
control the morphology and the PS of the support. The
resultant polymers show a good morphology. Though
the mechanism is still a matter of discussion, the ap-
plication of this novel method in industrial field is
quite promising.

TABLE II
The Influence of DIBP/MgCl2 (mol/mol) on Ti Loading

Content During Support Treatment with Titanium

Catalyst Support
Adding

DIBP/MgCl2
Total DIBP/

MgCl2
Ti (%,
w/w)

3c1 3s 0 0.090 2.93
3c2 3s 0.180 0.270 8.24

Figure 3 Morphology of catalyst: (a) 3c1 and (b) 3c2.

Figure 4 Morphology of polymer catalyzed by catalyst 3c1;
P, 1.0 atm.
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