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ABSTRACT

This paper presents the commercial profile of the Amoco CD MgCl(-supported polypropylene
catalyst. It discusses the development and unique preparation method of the catalyst,
emphasizing particle morphology and the parameters affecting particle size (PS), particle size
distribution (PSD), and particle shape.The catalyst's outstanding performance, specifically
tailored for the Amoco-Chisso gas phase process, is due to synergistic effects originating from
both catalyst and process design factors. The median particle size (d50) of the catalyst can be
controlled within the range of 7-100 microns. Factors influencing PS and PSD during catalyst
support preparation include agitation speed, temperature, organic reagent to Mg
ratios,morphology-controlling agents, and the deliberate spiking of the aromatic solvent with
appropriate contaminants.Variations in particle shape, ranging from cubic to spheroidal, are
affected by the types of reagents used, the ratios of these reagents to Mg, the time/temperature
profile of the procedure, and the sequence of reagent addition during catalyst support
preparation. Catalyst activation occurs in several steps through thermal treatment of the support
with TiCl[J/toluene solutions. A cost-effective TiCl" /toluene reuse system from the activation
streams has been implemented to significantly reduce waste material. The optimum activation
temperature is approximately 120°C.The progress of activation and catalyst quality can be
monitored by IR spectroscopy, with identifiable IR fingerprint patterns correlating well with
catalyst performance. Recently, a new concept of supported catalysts based on CD technology
has been developed, featuring organometallic complexes instead of just TiCl[ as the
polymerization active centers. These new catalysts demonstrate improved performance and
advantageous polymer product properties.We propose that several organometallic complexes
may herald a new era in polyolefin catalysis, including single-site catalysts activated by TEA and
production of advanced polyethylene copolymers. The success of the CD and Amoco-Chisso
process is illustrated by the two dozen commercial plants worldwide using the technology and
the recent licensing advances by INEOS, the successor of Amoco, for this polypropylene
technology.
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Introduction

Supported catalysts for the polymerization of propylene to isotactic polymer dominate the
commercial production of polypropylene (PP), which is now approaching eighty million metric
tons annually worldwide. Most commercial supported isotactic PP catalysts consist of TiCl4
supported on MgCI2 with di-n-butyl or diisobutyl phthalate(DBP) as an internal modifier. These
are used along with a trialkyl aluminum (usually AlEts) as a cocatalyst and a dialkyl or
dicycloalkyldimethoxysilane as an external modifier'?. In recent years, there has been significant
research activity aimed at replacing DBP® due to its alleged safety problems .

Among the most important attributes of these supported catalysts are their superior activity,
reaching up to 100 kg of PP per gram of catalyst in certain cases, and their stereospecificity,
which hovers around 99%. The type of internal (and sometimes external) modifier may also
affect several other attributes of the catalyst, such as hydrogen response, melt flow rate (MFR),
molecular weight (MW), molecular weight distribution, and polydispersity.

Several well-known international chemical companies manufacture these catalysts for sale, for
their own use, or as part of a licensing package for their PP.technology. Since the late 1970s,
Amoco Chemicals (later BP, and now part of INEOS), the second largest producer of PP in the
USA at the time, had an active research program to develop its own MgCl,-supported catalyst,
nicknamed "CD". CD was designed for Amoco's low-cost gas-phase process, developed in
collaboration with Chisso, called the "Amoco-Chisse Process”. This process has strict
requirements for catalyst particle morphology, narrow particle size distribution (PSD), density,
and resistance to attrition. Additionally, it was desirable for the catalyst to be used "as is,"
without prepolymerization.

Most commercial catalyst manufacturing processes are based on rendering anhydrous MgCl,
soluble in various alcohols through the formation of MgCl,snROH* and forming particles by
extracting the alcohol (de-alcoholation) following prescribed recipes . In contrast, the Amoco CD
catalyst support preparation involves.a unique step of precipitating a solid by reacting Mg alkyl
carbonate with TiCly, followed by dissolving this solid with a cyclic ether, and then slowly
precipitating (crystallizing).a support with controlled particle morphology®. This approach
provides maximum control over particle morphology, particle size (PS) and PSD, crystal density,
and particle shape, which are critical for the Amoco-Chisso gas-phase process. By manipulating
certain precipitation parameters, spheroidal, cubical, hexagonal, and other shapes of particles can
be obtained. No other manufacturing process can deliver such diversity in catalyst morphology.

The advantageous morphology characteristics of CD result in polymer powders with excellent
flowability and high bulk density. The catalyst was optimized and tailored for the Amoco-Chisso
gas-phase (co)polymerization process. The synergism of advanced catalyst, process, and product
technologies established a leadership position in PP manufacturing. Three specific features
differentiate this technology: the unique horizontal stirred bed reactor design, characterized by a
powder residence time distribution approaching the plug-flow ideal; the high-quality CD
catalyst, which is "prepolymerized” in situ between catalyst feeding and the particles reaching
the polymerizing polymer bed inside the reactor; and the impact copolymer product, which
exhibits a superior impact-to-stiffness balance over a wide temperature range®.



It should be noted that the gas phase process is preferred over the bulk process by several PP
manufacturers for many reasons, including simplicity, flexibility, cost, safety, and environmental
friendliness (green chemistry). This preference has been gradually recognized by the industry.
Today, there are three dozen plants around the globe utilizing this technology, and for several
yearsINEOS was the leading company in PP technology licensing’.

The present paper discusses the CD preparation procedure and several methods to control its
particle morphology and catalyst activation.

Experimental

All chemicals used for the laboratory preparation or commercial production of CD_must be
thoroughly dried by conventional methods. Commercial grade TiCl4 was applied as received.
Special care must be given to drying the solvent, toluene, as the usual source of unsuccessful
runs is "wet" toluene. The original Amoco CD preparation methods have been previously
described in detail® 8. A general outline is presented in Scheme 1. The procedure consists of
three steps:

1. Mg alkyl carbonate solution preparation: This.is done by reacting to a suspension of
Mg(OEt); in toluene-alcohol with CO, (MAC solution).

2. Support preparation in two steps:

o A. Precipitation of an initial solid: This is achieved by reacting MAC with
TiCl4 and a morphology-controlling agent, such as Si(OEt)4, in toluene.

o B. Dissolution and re-precipitation: The initial solid is dissolved by adding
tetrahydrofuran (THF) to the suspension, followed by automatic slow re-
precipitation (crystallization).

3. Support activation: This involves two sequential treatments with TiCl, and TiCl,-DBP,
respectively, in the presence of toluene. This is followed by post-activation treatments of
the catalyst solid with toluene and with TiClj. It is not necessary to use fresh TiCl, or
toluene for each activation step. An elaborate system has been developed for recycling
and/or reuse. For example; TiCl4/toluene from the post-activation treatments may be
used without purification.in the first activation step.

The CD catalyst.composition may vary slightly from preparation to preparation; typical values
are Ti 3%, Mg 18%, CI 61%, DBP 14%, solvent 4%. There is a linear relationship between Mg
and Ti content; or Mgrand DBP content for any given supported catalyst'. The linear Mg-DBP
correlation supports the conclusion that DBP coordinates with the Mg ion. In commercial gas
phase operations, the catalyst yield is between 50 kg and 70 kg per g of CD, with a
stereospecificity of 99%.

Several variations were introduced in the above CD preparation procedure to probe the effects on
particle morphology. The original morphology-controlling agent Si(OEt), was replaced by other
suitable compounds, such as MesSiOEt®, di-n-butyl phthalate™, and Si(O-n-Bu),**. The use of
B(O-n-Bu); was also reported during the preparation of supports of the Amoco CD type*.
Ethanol®, methanol, and/or n-butanol*® were included in the reaction mixture prior to the
precipitation of the initial reaction product with the MAC solution. The toluene used during
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Scheme 1. Preparation procedure of Amoco pobyobefin
supportad catalyst

support precipitation was contaminated on purpose with various levels of xylenes, ethylbenzene,
and/or naphthalene®. Compounds of the SiRnCls-n type were used.as second chlorinating agents
during support preparation. A method for further improvement of the attrition resistance of CD
was also developed. Following the activation of the solid with TiCl, and DBP, a new step
involving a long cooling period was inserted, followed by the post-activation treatments™.
Finally, temperature and agitation speed variations during support preparation have been used to
tailor catalyst particle size. Details are given in the next section.

Results and Discussion

The CD preparation procedure provides excellent control over catalyst morphology, which was
the primary consideration in the development of the catalyst. The support product that
crystallizes after the THF addition has the approximate general formula:
MgCl,+0.031TICIx(OEt)y=1.48 THF. It appears that the support crystals are related to the well-
known adduct MgCl»1.5THF"™, with anticipated crystal structure similarities. Determining the
various parameters affecting PS, PSD, and shape was integral to improving CD morphology.
Table 1 shows the most important of these parameters. The easiest and fastest way to control the
median PS.(d50) is through the agitation speed (Figure 1). There is a linear relationship between
RPM and d50. The reactor configuration may also play an important role in this relationship. For
example, the existence of a baffle and the use of a marine impeller appear to contribute to
reproducible results. The effect of temperature prior to the THF addition is also significant.

PSD data for CD catalysts were obtained using a Shimadzu SALD-1100 laser diffraction particle
size analyzer. Polymer powder PSDs were determined by sieve analysis. Catalyst and polymer
photomicrographs were recorded via scanning electron microscopy.
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The effect of agitation speed on the median particle size (d50) of large spheroidal Amoco-
supported catalysts is depicted in Figure 2. Lower temperatures result in faster and multiple
crystal "seed" formation, leading to a smaller d50. Agitation speed and temperature can be
considered mechanical/thermal parameters.

The following are physical/chemical effects: The 2-ethyl hexanol/Mg molar ratio.in the MAC
solution significantly influences particle d50 (Figure 3). A more dilute solution results.in a larger
d50. By selecting the right combination of all these factors, we can achieve the desired d50,
typically in the range of 7 to 100 microns, with a sufficiently narrow PSD.

Another parameter affecting both d50 size and particle shape is the THE/Mg molar ratio. At high
ratios (Table 2), smaller particles with a cubical shape are formed.

Table 2. THF/Mg molar ratio ve. particle sizefshape
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At smaller ratios, larger spheroidal particles are obtained (Figure 2).

The substitution of Si(OR)NnCl4-n type compounds for Si(OEt), during support preparation leads
to the precipitation of spheroidal supports. The introduction point of Si(OR)nCls-n, acting as
both a marphology-controlling and second chlorinating agent, affects both the PS and the PSD of
the spheroidal catalyst produced (Scheme 2). Furthermore, Si(OBu), yields smaller PS than
Si(OEt)4 (Table 3).
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A different method for preparing large spheroidal particles was developed in the absence of
alkoxysilanes. At low agitation speed (300 rpm), DBP and methanol were used as morphology-
controlling reagents, while THF was substantially reduced.Additionally, toluene solvent
contaminants such as xylenes, ethyl benzene, and naphthalene were shown to influence PS and
PSD. For example, naphthalene contamination within the 2,000 to. 12,000 ppm range results in
PSD narrowing and, in most cases, a reduction of the d50 of the catalyst.
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The importance of particle shape lies primarily in its effects on polymer powder flowability and
bulk density. The shape of polymer particles replicates those of the catalyst. We can develop CD
supports in various shapes, such as cubes, spheres, clusters, hexagonal prisms, footballs, and
even needle-shaped particles. Two common shapes are depicted in Figure 4.
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Support Activation Catalyst activation is a two-step process involving toluene and TiCly
treatments, followed by several hexane washes and drying in a nitrogen stream. The first
activation occurs in an agitated suspension of the support in atoluene solution of TiCl, at an
elevated temperature (110-120°C) for one to twe hours. During this time, most of the THF is
removed, leaving behind porous particles, and the MgCl, undergoes a crystalline transformation.
After settling and decantation of the supernatant, a second activation under similar conditions
takes place, this time in the presence of the internal modifier, DBP. The temperature of this step
is critical, with an optimum close to 120°C. The activation progress can be monitored by IR
spectroscopy. Under- or over-activated catalysts show typical IR fingerprints, which are also
reflected in their polymerization performance and catalyst composition. Over-activated catalysts
may contain phthaloyl chloride fromthe reaction of DBP with TiCl4 at higher temperatures. The
final toluene and TiCl4 treatment remove minor contaminants/byproducts that may reduce
catalyst performance, These treatments, however, could be avoided without adverse
consequences on catalyst quality.

Amoco CD and the Amoco-Chisso Gas Phase ProcessThe CD catalyst was tailor-made for the
Amoco-Chisso process, which features a unique horizontal stirred bed reactor characterized by a
powder residence time distribution approaching the plug flow ideal. This design ensures nearly
equivalent reactor residence times for all powder particles, resulting in faster, sharper product
transitions, higher catalyst yields, minimal "bypassing™ of the catalyst, ensuring high-impact
copolymer product quality, and rapid start-ups and shut-downs. The impact copolymers
produced using the Amoco-Chisso process and CD catalyst exhibit a superior balance of stiffness
and impact properties over a wide temperature range.

Internal Modifiers and Their Role

Significant research efforts have been devoted to replacing the original butyl phthalate internal
modifiers (IM) in MgCl,-supported polypropylene catalysts, primarily due to safety concerns. A



new approach has now been developed where the IM can be partially replaced by a Ti or Zr
organometallic complex, imparting enhanced catalytic performance.

Ninety-five percent of the world’s production of polypropylene (PP) and ninety percent of
polyethylene (PE) is currently carried out using MgCl,/TiCl,-supported catalysts, activated by
triethylaluminium (TEA). For PP, the catalytic system incorporates internal donors (ID), which
are electron-donating organic compounds adsorbed on the surface of MgCl,, and external donors
(ED), which are added to the catalyst mix and are necessary for stereoregulation. The ID plays a
key role by blocking non-stereospecific active sites, competing with TiCl, molecules for
adsorption sites on MgCl, faces. IDs affect the molecular weight (MW) and molecular weight
distribution (MWD), two fundamental parameters controlling polymer properties*®. The most
common IDs are phthalate and succinate diesters, as well as diethers'®.Diethers strongly
coordinate on the MgCl, surfaces and cannot be removed by TEA, unlike phthalates and
succinates that may be partially removed by TEA. The ED's role is to replenish the removed 1D
during the polymerization process and maintain the stereoregularity of the catalytic system,
which is why no ED is necessary with diether MgCl, catalysts: Common EDs include various
dimethoxysilanes (DMS), which form stable complexes with TEA, preventing the formation of
unwanted byproducts. The most commonly commercially.used system is
MgClI,/TiCl,/Dibutylphthalate (DBP)/DMS.

In the late 2000s, safety issues were raised regarding the use of DBP, prompting a surge of
industrial research activity to find suitable substitute IDs. Another incentive for this research was
for industrial concerns to establish proprietary positions. Most well-performing IDs are
bidentate, attaching to the well-established (100) and (110) surfaces of MgCl; in either bridge or
chelate bonding modes. There is also the zip coordination mode, where the two oxygen atoms of
the ID are coordinated to two Mg atoms on different adjacent MgCI2 layers, Figure 5.
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Figure 5. Coordination Modes of IDs on MgCI2 lateral surfaces.

The adsorption modes of various IDs and TiCl, on the (100) and (110) lateral cuts of MgCl,,
along with the implications of their coordination modes on catalyst performance, have been
continuously studied, mainly by various academic groups since the 1990s, an activity still
ongoing®. In the (110) cut, the Mg and CI atoms are all on the same plane, with the Mg atom



tetracoordinated and having two open coordination sites, which can accept both chelate and
bridge ID bonding modes. On the (110) cut, TiCl, coordinates only as a monomer. The (110) cut
is more acidic than the (100). In the (100) cut, only the Cl atoms are on the surface, and the Mg
atoms are in a layer below. Here, the Mg is pentacoordinated with one open coordination site,
allowing only bridge bonding. On the (100) cut, TiCl4 may coordinate as a monomer, dimer, or
even oligomer. The TiCl, dimer/oligomer after reduction with TEA resembles and mimics the
purple unsupported (Solvay) TiCI3 catalyst.

It is noteworthy that all commercially useful internal donors (IDs) are oxygen derivatives.
Among nitrogen-containing 1Ds, tetramethylpiperidine(TP), a hindered amine, was previously
considered under extensive investigation but was quickly abandoned. Surprisingly, TP is a very
good external donor (ED) but a poor ID. We decided to reexamine the role of other hindered
amines as IDs and initially chose 2-phenyl indole (P1), which is readily available and related to a
natural product. When tested as an ED, it increased the yield of Amoco CD catalyst in the gas
phase by 35%, although the polymer was off-white.

During this investigation, we serendipitously discovered a new and previously unreported ortho-
metalation reaction involving PI and TiCl,, as shown in Secheme 5. Mixing Pl and TiCl4 in
toluene at a 1:2 molar ratio at room temperature under anaerobic conditions initially forms
complex 1 in solution, which quickly isomerizes to complex 2.°The solution color changes from
yellow to light orange. Raising the temperatureto 105°C under magnetic agitation turns the color
dark burgundy, and complex 4 precipitates out. Complex IV was characterized by analytical and
spectroscopic methods. This reaction appears to be general for other ligands capable of
undergoing ortho-metalation and is expected to have a significant impact on polyolefin catalysis.
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The reaction can be repeated using ZrCl, instead of TiCl,.

Scheme 5: Mechanism of ortho-metalation, 2-phenyl indole with TiCl, at the 2:1 ratio.



The H-shift from N to C in complex1 to 2 was modeled by DFT, and the energy calculated by
Dr. Ernest Camot. Complex 2 was found to be lower in energy than complex 1, suggesting the
H-shift should occur spontaneously. The lowest energy conformation has the phenyl group
rotated by 3 degrees, bringing the ortho hydrogen within 2.89(1 of the Ti, indicating an agostic
interaction (transient complex 3). The Ti-N distance is 2.23( 1, and Ti is roughly trigonal
bipyramidal, with the N in an equatorial position. The agostic bond geometry is 2.0 kcal more
stable than the alternative geometry, where the phenyl is perpendicular to the indole.

In complex 2, the ortho H does not transfer to the Ti and then inserts into a Ti-Cl bond as
initially expected. Instead, it transfers to the neighboring axial Cl ligand on Ti through.a 4-
member transition state in complex 3. In ortho-metalated complex 4, the rings are coplanar, with
Ti forming a trigonal bipyramid and N in the axial position. The Ti-N bond is 2.2071, and the Ti-
C bond is 2.12[1.

Coordination of the Organometallic Complex on MgCl;

Next, we discuss how these complexes interact with the MgCl, lateral cuts and the performance
of catalysts incorporating organometallic complex 4 or similar complexes. It is necessary first to
explain how an ID like DBP is incorporated into the MgCl, during.catalyst preparation. In
commercial MgCl,/TiCl4 PP catalyst production, such as the Amoco CD, activation is a tedious
process, typically taking place in 2-4 stages within an optimum time/temperature profile. The
first stage, usually at about 80°C, involves adding DBP.to a suspension of MgCl, in
toluene/TiCl, solution, agitated at about 80-90°C, forming a DBP.TiCl, complex. The bond of
DBP with Mg is stronger than with Ti,; and DBP.TICl4 coordinates on the MgCl, surface by
dissociating into its components, which attach separately on either (100) or (110) cuts
(dissociative coordination). This‘has been clearly established using IR spectroscopy by numerous
investigators. The final catalyst's molar ratio of DBP:TiCl, in the final catalyst is still 1:1.

We prepared a catalyst.using Pl as the 1D, following the Amoco CD procedure. To our
disappointment, the catalyst had low activity, well below the standard DBP catalyst. However,
we confirmed by solid **C'NMR that the solid contained complex 4. We then prepared catalysts
by introducing mixtures of DBP/PI at 50/50, 75/25, 85/15, and 90/10 molar ratios. The best
polymerization results were obtained with the 85/15 and 90/10 catalysts, showing a 60% activity
increase over the standard DBP catalyst in a semi-continuous gas-phase polymerization system.
The polymer color was normal, unlike the off-white color when P1 was used as an ED.
Additionally, these catalysts did not contain any free P, but only about 10% DBP compared to
about 14.5%:in the standard DBP catalyst, as analyzed by gas chromatography after hydrolysis.
The latter also produced a black oily film, apparently originating from complex 4.

Conversely, the 75/25 and 50/50 catalysts contained free PI, 0.5% and 1.8%, respectively. This
was unexpected since the activation temperature reaches 110°C, and ortho-metalation is
complete at 105°C. Additionally, the activity of the 50/50 and 75/25 catalysts was inferior to the
standard DBP catalyst. Based on these results, we formulated a hypothesis for the mode of Pl
coordination on the lateral cuts of MgCI2, which may constitute novel ideas in MgCI2 supported
polyolefin catalysis:



A. In catalysts using ID mixtures of DBP/PI, the optimum molar ratio maximizing activity is
about 85/15. We estimate that this ratio exists in the catalyst itself.

B. At the 85/15 or lower Pllevel, the organometallic complex 4 coordinates to a MgCl, lateral
Cut.

C. Addition of PI during the first catalyst activation stage at about 80°C initially forms complex
I, which is soluble and coordinates on the MgCl, surface.

D. At the higher temperature of about 110°C in subsequent activation stages, complex 2
coordinated on the MgCl, surface converts to ortho-metalated complex 4, remaining strongly
attached to the MgCl, support when the level of PI relative to DBP is 15% or less.

E. At higher PI levels, such as 75/25 and 50/50, part of PHIND coordinates on the MgCl, surface
as complex 2 and part as free PI (dissociative coordination).

The latter dual behavior is unprecedented and perhaps the most interesting. To our knowledge, a
similar dual action has not been previously reported in chemical literature. To rationalize this
phenomenon, we hypothesize that complex 2, at the PI'level of 15% or lower relative to DBP,
coordinates exclusively on the acidic 110 cut of MgCl, in‘a chelate mode, with the N and one Cl
attached to the Mg.

In essence, complex 2 competes with DBP and TiCl4 for coverage (adsorption) on the 110 cut,
but this process appears to proceed entirely in favor of . A similar pattern is observed in the
case of 2,6-diacetylpyridine (DAP), a molecule with.two carbonyl groups and one N, which
coordinates only by the N on the10 surface”. Thus, complex 2 is the only one preferentially
covering the entire 110 cut, estimated to constitute only about 10% of all MgCl, surface, almost
the same as the optimum amount of PI in the catalyst. Complex 2 converts to 4 at the higher
temperature of 105°C. On the same MgCl, particle, DBP and TiCl, coordinate on the 100 cut.
Accordingly, we now have two types of active sites on the same MgCl; particle: TiCI4/DBP on
the 100 cut and complex I\-on the 110 cut. Realizing this fact may be the basis for new
developments in olefin.polymerization catalysis.

At high Pl levels (20% or more relative to DBP), complex 2 covers cut 110 first and then
coordinates on cut 100 in a dissociative fashion, as only the N on PI can attach to the single
coordination site on this cut, in a bridge mode. This type of coordination "protects” Pl from
further reaction with TiCl, at the higher activation temperature of 110°C, allowing PI to be
analytically detected from the catalyst particle. The excess Pl on the 100 cut is detrimental to
catalyst performance, as evidenced by our experimental results. Conversely, complex 2
coordinated on the 110 cut at 110°C undergoes ortho-metalation and is expected to form a
stronger bond with the MgCl; support.

Advantages of the Organometallic Complex Coordinated on MgCl,

The immediate advantage of the new catalysts is a polymerization activity increase of up to 60%
compared with the standard DBP catalyst. Additionally, it has been observed that the charge of



the DMS ED could be reduced by about 30% without any detrimental effect, suggesting that the
ED does not affect the complex 4 active site. Using a combination of MgCl, supported catalysts
incorporating organometallic complexes like 4 as IDs with ligands like Pl as EDs may
synergistically increase the system's activity by up to 100%. One significant advantage of this
catalytic system is the activation with simple alkyls like TEA, unlike metallocenes and post-
metallocenes that require MAQO for activation.

Besides the catalytic activity improvement of catalysts incorporating organometallic complexes
like 4, the xylene solubles of the produced polymer are less than 2%, and the powder bulk
density is usually higher by about 10%. There have also been changes in the hydrogen response
of such catalysts and other property improvements. A thorough study has not been conducted in
this area, and our findings are summarized below:

1. A Tiorganometallic polymerization catalyst coordinated (supported) on MgCl; is a novel
finding with several commercial and scientific implications.

2. The technology can be easily applied to existing commercial systems since the activator
(TEA) remains the same.

3. Our catalyst preparation utilizes a soluble complex.2, which at an elevated temperature
converts into an insoluble complex 4. This is very advantageous in catalyst
manufacturing.

4. Pl is only one example of a ligand capable of undergoing ortho-metalation with TiCl, and
ZrCly, improving MgCl, supported catalyst performance. We have successfully worked
with many other ligands showing similar or even better performance.

5. The possibility exists to develop a single-site MgCl, supported polymerization catalyst if
we succeed in introducing complex 4 as the only active site?’. The obvious advantages of
such development wouldbe the production of metallocene-like polymers by every
commercial plant.

Conclusion

Supported PP catalysts are expected to remain in commercial use for the foreseeable future.
Among available commercial catalysts, Amoco CD, tailor-made for the Amoco-Chisso gas phase
process, stands out for its unique manufacturing method, advanced methodology to control
morphology, and the synergistic effects between catalyst, process, and product. Although there is
an ongoing effort to replace DBP with greener substitutes, it appears that we have reached a
plateau insupported PP catalyst performance, which currently meets market needs and growth.
The fear that. metallocene catalysts would take over from MgCl, supported catalysts did not
materialize due to the latter's efficiency, lower cost, and simplified operation. While new
breakthroughs in this technology would be welcome, they are not currently seen on the horizon
despite intense R&D efforts worldwide. The development of a single-site catalyst supported on
MgCl, may be possible®® by replacing TiCl-based active sites with single-site complexes,
although this may not be easy to accomplish. Good candidates for replacement may include FlI
catalysts or the newly introduced organometallic complexes, which offer activation with
aluminum trialkyls.
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