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Paolo Galli
Basell Senior Advisor

Education:

After  graduating in Industrial
Chemistry from the University of
Padua, he was taken on as a
researcher at the Istituto Ricerche
Idrocarburi, Montecatini, Ferrara on
July 1%, 1962.

From March 1977 to November 1983
he worked as Director of the "Giulio
Natta" Research Centre in Ferrara.
From November 1983 to April 1985 he
was appointed Managing Director of
Dutral SpA, the Montedison special
materials company.

From May 1986 to July 1989 he was
appointed  Vice President  of
Technology for Himont Incorporated.
On July 1%, 1989, he became
Managing Director of Montedison
Research, while continuing as Vice
President of Technology, Himont.

From May 1%, 1996 to April 30™, 1999
he was President of the Montell
Technology Company b.v. with
headquarters in Hoofddorp, the
Netherlands.

Additional information:

He made fundamental contributions to
the research and understanding of
heterogeneous Ziegler-Natta catalysis,
particularly in the discovery of "delia"
MgCl; active support, in 1988,
revolutionising the polymerisation of

. ethylene and propylene monomers.

He contributed to the technological
innovations in the Montedison group,
in  both  high-yield production
processes and in the development of
polymers, copolymers, alloys and
polyolefin-based materials.

He gave the main contribution to the
understanding and control of the
replication phenomenon of the parent
catalyst by the generated polymer that
led to the implementation of the Fourth
Generation Ziegler-Natta super-active
catalysts, giving rise to the Reactor
Granule Technology.

" Prof. P. Galli appears as inventor in

many patents concerned with high-
yield Ziegler-Natta catalysts, catalyst
supports, spherical form polyolefins by
synthesis, elastomer, alloys and
polymerisation processes.

Prof. P. Galli has had a dual career,
both as an industrial researcher at
Montedison and as an academic
scientist at Ferrara University.

Since 1968 he has presented many
technical and scientific papers at the
Conferences throughout the world.

His expertise and important scientific

. contributions in the area of polyolefin

technology are recognised through his
many publications and review articles.
As a basis for scientific research he
has always applied his personal belief
that " Knowing why " is the foundation
for “Knowing how".




Nello Pasquini — V.P.
International R&D - J.V.s
-Interface,

Basell Polyolefins

Education:

Graduation in Chemistry,
Ferrara University

MBA Bocconi University, Milano

Additional information:

Joined Montedison in 1969,
initially working for a few years
in the area of Polyolefins
Product/Application
Development.

In the mid 70’s he was given the
responsibility to lead a Business
Unit called “Special Polyolefins”.
In this - position he .. strongly
coniributed to the development
and commercialization of the
Polypropylene based materials
for the Automotive industry.

With the formation of Himont in
1983, he was transferred to
Wilmington (Delaware ,USA) as
Director “New Business world-
wide".

One of the most important
achievements of those years,
besides the market development
of new polymers from Spheripol
technology was the “Blue Book”.
It was a comprehensive study

" commercial

conceming the Polypropylene
market which was brokzn down
into a few tens of segments
representing the customers’
business. The study was
considered a major mile-stone
by the company that used it to
establish its future successful
Marketing strategy. For the first
time in the plastics industry the
activity was
organized by market sector and
the Ileading  Polypropylene
supplier initiated a close
cooperation with the customer to
jointly develop competitive
solutions.

Back to Milano in 1986 as
Director Marketing Europe, he
moved to Brussels in 1990 .

The new challenge was called
“Catalloy “ the recently
developed process to make
Advanced Polyolefins.

. With a team of young engineers,

in a couple of years the Ferrara
plant was fully utilized and the
new Advanced  Polyolefins
Business established in the
market.

After 28 years he returned to
Ferrara as V.P. Technology for
Product and Application
Development. He is currently
responsible for transferring
innovation io the Basell Join
Ventures world-wide.

He cooperates with the MaSTeM
project (Master of Science,

~ Technology and Management)

providing lessons on Business
Management.

Recently he was granted a
Carrier Award by the Ferrara
journalists’ community.




FPaold Galli
Basell Senjor Advisor

Nello Pasquini
V.P. International R&D J.V.’s Interface, Basell Polyolefins

Polypropylene, a Technology Driven History

Giulio Natta|Celebration
Ferrara, Italy -{13 June 2003

Absiract

The need for a continuous and dramatic process and product improvement has been a main
driving force behind the entire innovation and gfowth of polypropylene. This need has pushed
scientific research on catalyst systems and mpterial structure property relationships to new
levels and is ultimately responsible for the dynamic and continuous growth of the market. -
When polypropylene was born and in the egrly stages of commercialisation, it appearsd
affected by two main limitations that threatened its commercial success:

1) a complex production process that was diffigult to operate consistently, produced unrefiable
quality and which had limited flexibility or vegsatility and

2) products that had almost no utility since thely apparently had limited properties that were of
practical use. This latter element was furthef complicated by a lack of knowledge on how to
control and use these materials and basic structure-property relationships.

Those two critical issues are in fact strictly ifterconnected but they were in practice Kept
separated by a deep lack of understanding of thg basic chemistry underlying production process
technology and the relationships between process and material property requirements of the
market. -

In summary, the first generation processes wdre complicatad, expensive, and inflexible with
undesirable byproducts and high pollution risks for the various operations.

Attempis fo improve or to generate new product properties were barred by the process
complexity, rigidity and systemn constraints.
However since the potential was recognised by the scientists early in its life cycle these
difficulties did not get the upper hand!

On the contrary; the polypropylene story feally represents a uniqueness in material
development. Fueled by a fremendous commitment to understanding the basic phenomena
involved in propylene polymerisation and agsociated polypropylene product processing
technology, the problems were tackled with a spirit of innovation, creativity and a
professionalism that quickly turned by-products into highly desirable materials of commerce.

At the same time the difficult challenges catalysed a reaction, no pun intended. that has become
the main driving force for the development of entire families ofpolyolefins and which crystallized
into a strong robust industry over the last half ntury. The second part of the lecture focuses
on pelypropylene as a business, analysing the fole the technological breakthrougs (Spheripol
and Catalfoy processes) have played world-wide laﬂer the 1582-1983.

The revolutionary properiies envelope expansion|required a new way of marketing the new
polymers.
Market segmentation and "value in use” have ba¢ome more and more familiar within the
commercial organisations, whit Marketing experts driving the challenge with the other plastic
and traditional materials. L |
Automotive, Fibres, Packaging and Consumer sectors have enjoyed the greatest PP
penetration allowing the “monomaterial” strategy| in most of the appiications.




Polypropylene, a Techrjology - Driven History

REVISTING THE PAST (P. Galli)

Let us see what has happened since the very beginning of the PP
technology commercialisation and what has been the rationale for the
intensive R&D developments of the following years.

The bright promises of the early period:

| remember well the very beginning and early period of the novel
Ziegler-Natta technology. We were all shocked, admired, full of trust and
enthusiasm for the potential of the novel, revolutionary catalysts, able to
generate new materials like polyethylene (PE) and PP (PP) with a new,
convenient, apparently easy technplogy and with a new gamut of
properties.

There was a lot of enthusiasm for
which was able to operate in mild,
deep curiosity for the new materials
expectation to have good and low cost materials, driven by readily
available monomers and the expected low cost processes.

The enthusiasm and the push were pn the scientists’ part, and also the
top management of several companies. In November 1955, in
Montecatini, a large-scale pilot plan{ for the polymerisation of ethylene
and propylene started operating in the Ferrara plant in Italy.

In January 1957, a very first multipurpose BATCH polymerisation plant
for the production of the first high-density injection moulding PE (Moplen
RO) and PP started operating (Fig. 1)).

e novelty of the catalytic system,
asy conditions. There was also a
nd their set of properties, a strong

' THE VERY FIRST MULTIPURPOSE
POLYOLEFINS PLANT

TG ERIEE | Jan. 1957 Ferrama (ATALY) |

@E{:EE‘TT
Fig. 1 — The first mullipurpose P.0Q. plant




It was mainly dedicated to the production of PE; a larger scale, more

sophisticated plant fully dedicated fo P

November 1857. (Fig. 2)

started operating in Ferrara in

THE VERY FIRST POLYPROPYLENE PLANT

SHCLA

Clsf SIELL] |Nov. 1957; Ferraza (ITALY) 1

Fig. 2 — The first

Those plants were projected, built and
time at the cost of tremendous efforts,

researchers’ and management's part.

They all made great sacrifices, push

enthusiasm based on the trust of th
family of catalysts and materials.

The bitter, tough commercial reality:

In spite of the bright expectations, fi

turned out to be completely different:

The catalyst activity and selectivity wer
did not even exist at a concept level, il
nightmare to operate, the production ¢
best simple and poor and consequently

In other words, as a business it was a

PP plant

started up in an extremely short
in terms of commitment, on the

d and supported by the great
fluttering promises of the new

e commercial reality very soon

e very poor, polymer morphology
e commercial plants were a real

osts very high, the properties at

the selling price ..........low.
ownright disaster!

After many efforts in several different directions to dramatically improve
the process technology, it was clear that the only answer had to come

from a fundamental scientific u
approach.
In particular, we did not recognise tha

plant issues was a largely ignored

erstanding and development

the key to the main commercial
and misunderstood principle of

polymer morphology control which affected all the commercial plants,




heavily spoiling all cosmetic efforts n

cost.

The situation was at a dead end bec

impossible compromise between t
polymer purification siep effectual

nade in order to improve quality and

ause the solution had to resolve an
0 conflicting needs to make the
nd to make the commercial plant

operability reliable, fast and cost effigient. (Fig. 3)
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Fig. 3 — The two ¢onflicting needs

The life of the industrial plant was

nightmare, in a continuous preca
needs, such as product quality or
had to live under “Damocles' sword”,
shift in between a total plugging of tf
a decent quality of the materials in t
residual and undesired polymerisati

1. To make the overall operability of
reliable and cost efficient:
a. it meant, and means, to obtain

n adventure, or more accurately, a

ious balance between conflicting

lant operability. The plants always

regarding the alternative to have to

e lines or not to be able to achieve

rms of purification from the catalyst
by- products.

the commercial plant manageable,

medium or large size and compact

morphology polymer granules. The granule porosity was a big

issue because it meant high
operations, which generated
irregular polymers, creating fou

operations in an economically

polymer fragility during the plant
large amounts of very fine and
lling issues.

it meant to perform the extractjon in the same way as all the other

and sustainable short time.

2. To make the polymer purification step effectual, manageable and

easy;

a. it meant to exiract and remgve the catalyst residuals and the

polymer by-products in a pract

cal low cost and time efficient way.




(By-products were waxes and Io molecular weight polymers,
and specifically, in the case of PP, the atactic and syndiotactic
polymers).

b. it needed to produce polymer granules of very small dimensions
and /or very high porosity in the polymerisation step, in order to
allow an easy and manageable mass transfer process in and out
of the polymer granules, as specified in the previous point a).

The main difficulties encountered in |the commercialisation of the
process were directly connected to the| low catalyst activity and poor
selectivity and the inconstani, unp edictable and unmanageable
morphology of the polymer generated during the polymerisation.

Those two drawbacks were in fact the cause of the following main
consequences:

The totally unpredictable, random, polymer morphology (such as fine
particles, extra fines, or vice-versa, Yery big, porous, fibre like or
popcorn like etc.,) (Fig. 4) created insurmountable obstacles to the
smooth running of industrial operationg, such as discharge from the
reactors, slurry or powder, transportation, filtration, purification,
centrifugation, drying etc.

Fig. 4 - Examples of bad golymer morphology

Small morphology was very favourable, for example in the polymer
depuration step, it made the extractjon easier for both the catalyst
residuals and for the polymeric by-products, waxes, atactic PP etc. but it
was a nightmare in all polymer transfers, from one step to another, in
the filtration. centrifugation, drying| etc.  Big polymer particle
morphology acted in the opposite way and worst of all and not
infrequently was to deal with the irregular random mix of very small fines
and big particles together.




To compound an already difficult sitt
of the phenomenon in the comm
possibility to react to or control the is

jation, was the total unpredictability

ercial plant and the lack of any
suel

There was no simple and elegant golution for the issue if we tried to

cope with it in a direct way. The real
was, and is, to increase the cataly
make all the operations of chemica
unnecessary. Easier said than don
breakthrough in the Ziegler-Natta

THE PROACTIVE TECHNOLOGY
The Catalyst System Developmen

To cope with, and to solve such a
revolutionary jump in catalyst unde
to obtain a major breakthrough
commitment on the part of many ¢
field obtained the result.

The intensive efforts in basic resear
at the understanding of the c
phenomenon linked to polymerisati

unigue, definitive and only solution

activity and selectivity in order to
material removal from the granule
| It meant to be able to achieve a
lysis.

ifficult and “dead end” situation, a
anding had to be achieved in order
in catalyst science. The heavy
mpanies all over the world in that

on the catalysts in the 70s, aimed
emical and physical-mechanical
n, brought about the achievement

of two major breakthroughs in the
had a tremendous impact on ¢
culminating in the discovery of the ¢
catalysts. Most important, it was the
and conceiving the catalyst. It

alyst activity and architecture. This
olymer quality and morphology,
surrent 4™ generation Ziegler-Natta
beginning of a new way of thinking

was realised that it was mandatory to look
for a catalyst showing an entire] complete, all embracing set of
properties. Just one, even if an outstanding property, such as activity or
selectivity, was not at all enough! It appeared that it was not possible to
achieve a complete success just by pperating empirically, looking at the
new catalyst properties, one by one.

It became necessary to elaborate 3
with a MODEL for the catalyst to ac:leve.

The Model for the * new dream”, the all-embracing ideal catalyst, was
imagined and called “the extreme target: the ideal catalyst®, a catalyst,
that in addition to processing a vefy high catalytic activity and great
selectivity, would have imparted fthe desired proper morphological
structure to the appropriate produgt, whether this was a polymer, a
copolymer or a polymer alloy. (Fig. 5

nd to develop the research in line




‘ THE ULTIMATE TARGET

b4
THE IDEAL CATALYST MODEL:
= Ayl [ECT =]

= Salactlviy [Fpecific pradus)
[ - CONTROL OF POLYMER MICROSTRUCTURE |
« W - MWD chaln shape
- Randomness microta choty
|- CONTROL OF POLYMER MACROSTRUCTURE |

« Morphalegy [partcle size - Ships - pomsity)
= Phase distd butren

[- CONTROL OF POLYMER PROPERTIES |
- Broad range of appiidations

loz=et
Fig. 5 — The ‘jdeal catalyst * model

The discovery of the high activity “8[MgCl, — supported catalyst for the
olefins polymerisation in 1968, became the first of the two major
breakthroughs which have revolufionised the development of the
Polyolefin technologies in the following 30 years.

it brought about the elimination the need of the removal of the
catalyst residues. This resulted infa significant simplification of the
polymerisation processes but did no{ satisfy the other parameters for an
|deal system.

Nevertheless, in order to fully achieye the first target, eliminating all the
constraints generated by the catalytic system, it was apparent that much
better catalyst selectivity was necessary.

The target was achieved in 197§, with the introduction of the 3
generation catalyst that gave for the first time high yield and high
selectivity.
These high-activity Ziegler-Natta catalysts comprise MgCl, TiCl; and an
sinternal” electron donor and are typically used in combination with an
aluminium alkyl co-catalyst such gs AlEt; and an “external” electron
donor added in polymerisation.

Additional and impressive progress has been made over the years to
understand the function of donors ahd their structure has been designed
accordingly. As a result, catalysi performances have been largely
improved, starting first from activity and stereoselectivity, by displacing
the first generation of internal/extefnal donors (ethylbenzoate/aromatic
esters) with the couple diisobuty| phthalate/alkoxysilane and, more




recently, with the introduction of digthers, typically a 2,2-disubstituted-
1,3-dimethoxypropane, used without or in combination with an
alkoxysilane. But in addition to activjty and stereo-control, other catalyst
attributes exist that need fine-tuning to drive product innovation and, in
particular: hydrogen response and ¢ontrol of polymer molecular weight
distribution (MWD). In this respect, phthalate-based catalysts are
characterised by high isospecificity, medium hydrogen sensitivity and
provide medium MWD PP, diether-iased catalysts are characterised by
very high activity, medium-high isospecificity, high hydrogen sensitivity
and are able to provide narrow MWD polymers. And the progress is not
at an end!
Quite recently, a very new catalyst system has been patented, based on
a particular family of internal donofs, namely succinates, which looks
particularly interesting since it was found to provide both high polymer
stereoregularity and broad polymer MWD.

O R R, R
L R1>('0 é:.{j'
RS\ R0
R R
8]
Phthalate Diether Succinate Silane

Fig. 6 - General formula of internal and external donors

Thus, as a function of donor structute (Fig. 6), it is possible to modulate
both catalyst performances and |polymer structure. Actually three
families of catalyst systems lllave been developed that are
complementary to one another offering the best choices in terms of both
production plant performances and final product property envelope
finely tuned towards the most demanding commercial needs (Table 1).

Table 1. General performances of different electron-donor classes
Cat. 1 ID. 2 ED. 3 Yield XL mmmm Mw/Mn H; response

(KgPP/gCat) (%) (%)

Phthalate Silane 70-40 96-99 94-99  6,5-8 medium/low
Diether  Absent 130-100 96-98 9597 5-5.5 excellent
Diether  Silane 100-70 98-99 97-99 455  excellent/high
Succinate Silane 70-40 96-99 95-99 10-15  medium/low

(o S = = B = B 4

1D. = Internal Donor; ED. = Ext Donor

The ranges are mainly function of the structure of LD. and E.D. employed.
Bulk polymerisation at 70°C for 2 h, [[AlEt;] =2.5 mM, AVED. =

20 molar, [Hz] = as needed to obtain gn intrinsic viscosity of 2 dl/g




In conclusion, the benefits achieved
elimination of the need of the removal ¢
the atactic fraction. This made a s
polymerisation processes. The eliminati
a remarkable reduction in investment c
new degrees of freedom. (Fig. 7)

eventually brought about the
of all the catalyst residuals and
gnificant simplification of the
on of these constraints allowed
nsts and brought about several

!_ THE TARGETS AND THE IMPACT OF THE

| “IDEAL CATALYST”

Fig. 7 - The first step in the way towards th

From these discoveries, the “dream’
extreme target in the heterogeneous ¢
achievable reality.

The elimination of the need of the rem
to a large extent, of the atactic po
important facts in themselves, but m
starting point and the base for all the fuj

As a matter of fact, the most important
technological and commercial develop

L C3) Eﬂseﬂ

& achievement of the ideal catalyst.

of the “Ideal Catalyst® as the

atalysis started appearing as an

oval of the catalyst residues and

er fractions, were not such

stly because they became the
ure revolutionary developments.

event for all the future scientific,

ent was not just the increase in

the catalyst activity and selectivity. It was the
green light to conceive, with a tofal freedom from any process

constraints, the “IDEAL CATALYST" s

tem.




It enabled us to maximise the teck
significant expansion of the product |

THE TARGETS AND THE IM:
“IDEAL CATALYST"

nology versatility so as to have a
property envelope. (Fig. 8)

PACT OF THE

THE SECON

Fig. 8 — The targets and the i

This fundamental research led to th
and development of a new dimens
of the "Reactor Granule Technology™

@ basell
Bigridhs
npact of the "Ideal Catalyst"

second breakthrough: discovery
on in heterogeneous catalysis and

(RG.T.). (Fig. 9)




lts discovery and understanding broug
the catalyst-polymer granule genesis a
a key breakthrough result in the Scie
polymerisation technology (Fig.10) an
entire history of the process and produ

| REACTOR GRANULE TECHNO

'l "THE SCIENCE OF STRUCTURAL VE

nt about the complete control of

d growth: The R.G.T represents
of structural versatility in the
a fundamental milestone in the
development (Fig. 11).

GY:
TILITY™

MAIN ACHIEVE

+ Complete scientific understanding and control of
in erder to exploit the polymericatalyst replication

* Tuning the tri-dimensional architecture of the catal

ENTS:

palymer growth mechanism
nomenan

granule, capable of

preducing a controlled fragmentation in extremely fine, regular particles, in order

ta generate spherical polymer particles having
strength.

* Selecting the mozt appropriate palymesization co
granule its original integrityfidentity during the pol

* Set up the best polymerization process, or better,
advantages of the sbove scientific conquestes, thus
and polymer performance.

* Improve and expand the palymer properties envelog
materials.

= Open the way for the generation of nevel materials,
and muitimaterial alloys.

lled size, porosity and mechanical

maximizing both plant operability

e towards new and specialty

different material combinetions

G basell

Fig.10 — Reactor Granule Technology, the main achievements

THE STRINGENT AND AMBITIOUS TECHNICAL AND ECONOMICAL

GOALS OF THE REACTOR GRANULE 7§

CHNOLOGY

* Maximize the operability and productivity
= Improving slurry or gas flow reactor beh
- Decreasing tendency to plug.
- Increasing the reactor’s polymer content

commercial plants:
viour.

= Optimize the quality and consistency of mtv:alymers.

+ Eliminate the expensive pelietization step,
integrity and guality of the polymer.

= Eliminate all the extruder connected consty
polymer property limitations.

ich damages

aints and related

= Eliminate all the bounderies among the different polyolefin families:

PE- PP-EPR
= Create feasible specialty polymers and noy

el alloys unachievable

by conventional methods or mechanical

blending.
- Dramatically extend the property enmlnpevruf polyolefinic

materials.

Fig.11 — Reactor Granule Technology, ted

chnical an economic achievements




The role of the CATALYST THREE DIMENTIONAL ARCHITECTURE in
the controlled expansion of the polymer granule was deeply explored,
SO as to reach an optimum equilibrium between the mechanical strength
of the growing granule and the catalyst polymerisation activity.

In the first step the catalyst has begn combined and optimised with a
unique process designed o capitalise and exploit the full potential of the
catalyst.

Catalysts with controlled spherical morphology were developed allowing
the full control of particle size and cgmpactness of the related spherical
form polymers (Fig.12).

i REACTOR GRANULE TECHNOLOGY

| The combination of a catalyst based ¢ reacior granule conceps,
% mad the polpmerization procesy based i ?
contriutes to a § r T

Fig. 12 —"Replication” phenomenon during the polymerisation

As a second step, under appropriate{ polymerisation conditions, polymer
particles with an internal morphology ranging from compact to porous
can be obtained (Fig.13).

| THE REACTOR GRANULE TECHNOLOGY

L]

Fig.13 — Different polymer morphologies from R.G.T.




The polymer particle becomes the reactor itself in which polymerisation

occurs, and by changing mon

er it is possible to obtain another

polymer intimately dispersed within the mass of the solid granule of the
matrix. It became the basis to the “Reactor Granule Technology* fully
exploiting the potential of the Spherical Form Catalyst to generate

alloys, thanks to the capab
components inside the same gra

ity of building different polymers
nule.

The most important fact is that now it is possible to achieve an IDEAL

mixing of different and even very

different components inside the same

granule, overcoming the difficul

ies of their mixing via the blending

technology. In many cases, even the difficulty, or impossibility, of

handling incompatible products

because of their M.W. (either too
is overcome (Fig. 14).

T BT e, e TR T T T

Fig. 14 - Four phases

In this way, we have now gener
the difficulties of miscibility of
degree of freedom clearly supe
mechanical blending of the differe
We are now approaching this
future of the full exploitation of su

, that cannot be processed alone
low or too high) sticky or oily products

bl Polymerization:
1

polymer alloy achievement

ated a novel possibility of overcoming
the different polymer phases, with a
for to the one we may have via the
nt polymer components and phases.
ew frontier, just entering the exciting
ch a tremendous potential.

In the development of the polyolefin technology, the discovery and

implementation of the “R.G.T." i
discovery of the high vyield ¢

5 today considered, together with the
atalyst, based on active MgCl,, a

fundamental milestone in the Polyolefin technology development.




The process development

The different catalyst generations delreloped from the 1% to the current
4™ have allowed, or better still, have friven the development of a family
of new and novel processes taking flll advantage of the new virtuosity
made available by the various genérations of catalyst families. This
made a complete revolution in the process concept, the polymer
properties and the market developmeht.

All the new and most successful revo utionary generations of production
processes are based on the adaptation of the “cascade reactor”
technology; the fundamental prerequisite for that technology being a
good and reliable R.G.T. type cataly

The cascade reactor processes curr ntly are based on the use of the
fourth generation catalyst. The most $uccessful and famous is certainly
the Spheripol process, eventually followed by the Cafalloy process,
specifically conceived in order to further expand the polymer property
envelop. These make it possible to generate multipolymers, multiphase
alloys and blends directly in synthesis. thus achieving materials not
achievable with traditional technologies.

All that; made it possible to expand |the PP and polyolefin properties
obtainable in polymerisation from the straight homopolymers or slightly
modified copolymers, to highly mddified copolymers, and to rea]
polymer alloys without boundaries inf the ratios between the different
comonomer intrcduced, number apd type of phases and final
compositions.

The first impact of RGT is well represented by the implementation of
the first modern technology: the Spheripol process (Fig. 15). We may
take it as the first and very likely best example among all the PP
production processes.

| FOURTH GENERATION PP PROCESS

B2 | Hybrid bdlkigas process
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Fig. 15 - The fourth genaration PP process




The Spheripol process, the first modern| most known and utilised PP
process, has been designed to increase and exploit to the maximum the
efficiency of the catalytic system in the poduction of PP homopolymers
a5 well as random and heterophasic copdlymers.

It is a two-stage hybrid process as it consists in the combination of the
bulk technology in liquid monomer for|the production of homo and

random copolymers and of the gas-phase technology for the production
of heterophasic copolymers.

Compared with the previous Pprocesses, the Spheripol process is
dramatically simpler and more versatile in terms of products achievable.
This is thanks to the elimination of several redundant reaction steps with
the consequent reduction of investment and running costs, optimisation
of economics and, above all, the complete elimination of environmental
risks due to the complete absence of effiients.

The progressive simplifications of the prgcess technology brought about
2 dramatic reduction of both: the CAPITAL COSTS (Fig. 16) and .the
PRODUCTION COSTS connected, first of all, to the dramatic energy
savings (Fig. 17).

| POLYPROPYLENE PROCESS EVOLUTION AND
| INVESTMENT COMPARISON
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EVOLUTION OF POLYPROPYLENE PROCESS
| PERFORMANCE
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Fig. 17 - Evolution of PP process in terms of energy saving.
But, certainly most imporiant is
PROCESS VERSATILITY with the sharp and endless broadening of the
POLYMER PROPERTY ENVELOPE. This concept has brought about
the development of the Catalloy technology.

the dynamic expansion of the

The Catalloy Process represents

achievement of a new family of PC

The Catalloy process was design
Reactor Granule Technology, all

the most recent advance: in the
)ILYOLEFIN ALLOYS

d to make maximum use of the
ing the repeated introduction of

different monomers during propylene polymerisation to generate a
multiphase multipolymer alloy directly in the reactor. The spherical free-
flowing resins obtained are fit for the subsequent conversion and are
provided with an extremely wide rahge of properties, which cannot be
obtained with any other process for PP.

The Catalloy process is a multistagg, highly flexible, mainly gas-phase
technology.

The Reactor Granule, based on th
incorporation of multiple polymer
moving through the muiltistage proce
Also in this case the growing particl
reaction medium thus, eliminating &
and allowing the production of

properties no longer limited from
process.

catalytic system used, permits the
structures within a single pariicle
SS.

e itself becomes the polymerisation
Il the previous process constraints
unique reactor-made resins with
mechanical considerations of the




THE TWO PHASES OF PP LIFE CYCLE (N. Pasquini)
Introduction

As a consequence of the technological evolution, the life cycle of PP as
a2 business can be broken down intojtwo distinct phases:

« Before and after 1982/1983.
In spite of its interesting intrinsic properties, such as stiffness,
temperature resistance, stretchability, moisture barrier, chemical
resistance, the technical limitations already mentioned in previous
paragraphs, prevented PP from a feal commercial success during the
first two decades of its life.

The perspective completely changed with the advent of the Spheripol
and Catalloy (1990) processes (19§2/1983)

Actually the most impressive fact Hrought by the RGT-based Cascade
Reactor Technology, has been the revolutionary expansion of the
polymer properties envelope.
The new profile has not just satisfied the existing market needs, but
much more widely expanded the boundaries generating a new wave of
applications and markets.
Outstanding performances were repched by the new products in terms
of rigidity, impact and pmcessabilignas shown in Fig. 18 and 19 when
compared with products from traditional technology.
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6000

B2 Traditional Technology
{Befors 1982/1883)

E= New Technologies

(After 1082/1983)

New
Homopolymers j

MNew Heterophasic
Copolymers
* Homopolymers
=~ * Heterophasic Copolymers

." Filled

0. 1 10 100 %
& MELT FLOW INDEX g/10" 250@ basel
Fig. i°

It is amazing to realise that a strict correlation exists between the
its growth rate in the market. Fig.
JSA where two different trends are

expansion of PP property profile ang
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We would like to support this statement by quoting.

Peter Bins and Ken Sinclair, who say in their last interesting multi-client
study on PP “ULTIMATE PP MARKET ROTENTIAL":

“The new technologies were not of themselves valuable, their value had
to be developed through and from the market. Leaders of the 1979/1983
revolution such as Himont (then Monte]l now Basell) therefore devoted
particular attention to the identification| and satisfaction of real market
needs.
The growth of PP from its commercial introduction in 1957 provides one
of the best examples of market respgnse to the introduction of new
technology. Demand growth expressed in Kg / capita for the first 25
years of the industry from 1957/58 to about 1982/83 could be fit quite
well in a logistics curve moving toward a fixed target of ultimate per-
capita consumption. As illustrated in the chart below, (fig. 21) indications
in 1983 were that the market was matuiing — approaching an upper limit
of per capita consumption—and that future growth was trending toward
growth in the economy in general. Expgctations of medium term growth
were in the region of 4-5% per year.

The Response Of The Llnitﬁld States PP Market
To The Introduction Of New Technology
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These expectations, however, failed to take into account the structural
changes in PP's life cycle brought about by technological innovations,
particularly the development in the late 1970s of high-yield, highly
stereo selecting, (HY/HS) catalysts.
These boosted PP demand in virtuglly all markets world-wide. This led
to a global consumption growth of mjore than 10% per year through the
80s. It became apparent that growth in all categories was following a
new logistics curve with an ultimate per capita consumption two to three
times the previous target”.

Marketing and Market Segmentation

A more sophisticated “commercial®| approach was needed to sell the
value the new products were potentially able to offer to the market.

The concept of “value in use” became the new way to promote the new
polymers (Fig. 22) and a more advanced Marketing organisation was
needed to manage the innovation p s. Market segmentation was a
necessary step to better understand|the business of the customers and
that of their customers.

Cost / Performance §
of the Material —————

E =

being substituted §

Definition of the Eﬁ
Value in Use E

of a specific PP-based Product & basal]

Poryclefiny
Fig.|122

It was important to identify which mgrkets could become addressable to
the new polymers.
Polyolefins and plastics in general had been sold without really knowing
the role they played within the customers' business .

In other words, PO suppliers had been more concerned about their
internal production relaied issue§ than being involved with the




applications development of their products which was almost interely left

in the hands of customers.

With the introduction of the Spheripol technology, it was understood that
this approach could not be suitable anympre for the future.

Specialised marketing teams had to
process required several years and it
for the predecessors of Basell.

Today we are happy to say that the
market segments and integrated with
been the real key success factors able

be appointed and trained; this
rgpresented a major investment

marketing teams organised by
the R&D group (Fig 23) have,
to convert a major technological

breakthrough into a world-wide commercjal reality.

Basell Innovation

Segment Specialisati

S TSR

he =

Fig. 23

The PP business was broken down

into 5 strategic segments and

several tens of sub-segments (Fig| 24) representing customers

business with common features. Each

segment (and more specifically

each sub-segment) is characterised by specific requirements in terms of
raw materials: automotive needs completely different from those of

packaging and fibres and vice-versa.




Example of Basell Marke

. Segmentation

The broadening of the key prod
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properties made available by

Spheripol and Catalloy technologies with respect to the previous
generations is clearly visible in fig. 23)
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Thanks to the new integrated wi
R&D, it was possible to fully |

processes.

orking approach between Marketing and
~apitalise on the versatility of the new

The improved structural, molecular and rheological
properties were translated into gpplication and market benefits (fig 26).
PP Prgperties Evolution
Customer Perspective / Opportunity
ES FLUIDMY* IMPACT
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to the combinations of catalyst
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products for specific applications thanks
process and product design; has been
the years providing

Basell and its

predecessors with a strong competitive advantage.

In fig. 27 a few relevant sente
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The renewed capability of PP to

lace other materials, is shown in

Fig. 28: more than 75% of the two additional million tons of PP sold in

the period 1988/1998 was coming

1988-19¢

;}F
m of intermaterial competition.

8

Polypropylene Source of Growth

Western Eufo

PS/SAN

I1% ‘H'Fnﬁ

Iy
Total 2 milli
ECN 1982
Fig.
Contribution came from all the

Packaging, Consumer and Fibres. T

pe

& basell
Sololesn
28

strategic segments: Automotive,
he perfect fit between the new and

improved properties and the re

irements/tirends {ypical of these

segments, (Fig. 29, 30, 31 and 32) made it possible to stimulate a major
material replacement process over the last two decades
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Fig. 33, 34, 35 and 36 report cum nt PP European market share in
these segments compared with all other plastics.
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Fig 37 shows the evolution since 1882/83.
The superior cost/performance advantages has made PP the material of

choice.

Evolution of PP Positio
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The example of the Automotive secto

Continuous improvements in mechanic]| properties of bumper materials
have enabled progressive reduction| of wall thickness and thus
significant material saving for manufadturers, lighter components and
shus lower fuel consumption for the end fusers.

Improved processability in terms of opfimised melt flow characteristics
has translated to significant reduction in cycle time. The story of exterior
and interior trims and instrument panel$ has followed the same path as
bumpers.

Fig. 38 clearly shows the impact of the advanced PP products on the
Automotive sector: with the exception o¢f structural parts, PP is strongly
present in all the other applications. This trend continues to be driven by
the "monomaterial strategy” in which the reciclability factor has a
fundamental importance.
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The Automotive industry has been| under increasing pressure from
government regulation and public opi hion to minimise the environmental

impact.




It is no coincidence that there has bgen a corresponding growth of PP-
based materials from just a few Kg/ cars in the late 70s to 22 Kg in 1€90
to over 40 Kg in 2000. Current estimates indicate 50 Kg by 2007. (Fig.
39)

Polypropylene Use In Cars
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Conclusion

The importance of G. Natta discovery is well understood by-all of :u_s:

the 30 million tons of PP and 100 r
are visible to everybody and our in
huge up and down stream business

nillion of PO used today world-wide
jagination can help us “to see “ the
associated with those volumes. The

history of PP could be summarised

with a simple slogan “from the ideal

catalyst to the ideal material”, As a|matter of fact the exceptional set of

properties (mechanical, physical a

processabiliy) combined with the

environmental superiority have made PP the material of choice in most

of the applications within the mode

society. However we would like to

underline an additional contributior] of PP, in this:case:to the world of
business management: the PP buginess has become:pat of teaching
programs in a few qualified busingss schools. Very much’ appreciated
as an excellent case study has been the unique portfolio of
management dimensions that PP ¢ffered to Basell and to the other PP
suppliers:




Business dimensions
Products

Market

Technology
QOrganisation

Human resources
Customers

Pricing

Innovation

Market pull / technology
push

Licensing

Competition
Marketing/Market
segmentation

PP featu

ring

Extremely versatile and tailoring
Very broad portfolio of applications
Continuous|advances

Evolution

td fit with the PP life cycle

Multicultural

PP seen as gsset

Cost /performance superionty

Successful fecord: from inventions to commercial

realities

Unique example of a balanced approach

Supporting PP growth
Direct (PP- |ndirect other materials)
The first exdmple in the plastics industry

This unique combination makes the PP|business an unparalleled
example for all the business management experts.
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The unigue case of Polypropylene|growth and development in Japan

Absiract

General Aspect
Historically, Japanese has been admiring exquisite architectures. For example, it gave
wooden temples that could last several cepturies in old days and. high quality cars or
electric machines recently. It also brought about quality-oriented mindset to Japanese PP
industry. For creating the exquisite architectures, Japan has adopted the Iatest
technologies mainly from foreign countries and modified them into Japanese style.

The start of Japanese PP industry corresponted with the beginning of the incredibly rapid
economic growth of Japan. Although many small players were born in the PP industry, all
of them could survive owing to the protective and exclusive policies by Japanese

government. These and geographic and climatic reasons made Japanese PP market quite
unigue.

Historical observations of the early stage

For starting the PP industry, many Japanese
licensees of Montecatini and three compani
catalyst systems. Then, these three comp
Japanese PP industry for 20 years since 196

mpanies had rushed to visit Italy to become
could be licensed to produce PP with TiCl;
nies had kept their positions as leaders of
. Although their initial expectation was to use

PP in Fiber applications for textile use, the expectation declined rapidly due to low
spinnability and poor dyability of PP in addition to climatic and cultural reasons. On the
other hand, Injection applications grew rapidly by replacing metals and wood for daily use
such as buckets or washbowls with competing with HDPE. Then, creation of “Impact-
copolymer (block PP)” improved its impact strength at low temperatures to enhance its
competitiveness with HDPE. It led to a turning point that was the first massive use of PP
Injection as beer boftles crafts. After its sticcess, PP started to be used as paris of
household electric apparatus such as electric washing machines by increasing its MFR.
Film applications were suitable for early Papanese PP industry to demonstrate the
competitive power of PP especially in packing use.

" Historical observations of the late stage
The catalyst innovation allowed Japanese PP industry to get into another stage. lts origin
was in 1968 when Mitsui Petrochemicals (MPC) and Montedison independently applied
patents about MgClz-supported TiCls catalys} systems (TiCl#/MgCl;) in the same year (in
our best knowledge; MPC: on 1 Aug. in Japan; Montedison: on 21 Nov. in ltaly). Then,
both companies started the collaborative regearch for new TiCls/MgCl in the field of PP
production. Introduction of electron donofs such as ethyl benzoate led to highly
stereospecific and highly active TiCly/MgC|: and subsequent studies established the
current TiCls/MgClz by using alkoxy silane$ as electron donors. It gave process and
product innovations such as the replacement|of metal automobile bumpers by those made
of block PP. This excellent collaborative project continued for more than 20 years and
made MPC a leader in Japanese PP indystry. Thus, the global standard in the PP
production was established, although the details were different between both companies
on the same platform in order to meet the Jaganese PP market.

Now, long recession in Japan and globalization of main PP users such as automobile and

electric appliances companies is forcing to| change PP industry with still keeping the
quality-oriented business style.




The unique case of Bolypropylene growth
and developmnent in Japan

It has passed about 40 years|since the beginning of Japanese
polypropylene (PP) industry in 1962, This history can be classified
into two stages that early 20 yeafs and last 20 years. Through the
two stages, Japanese PP growth|has been said {o be unigque. We
would like to discuss the unigyeness from general aspect and

historical observations of the early stage and the late stage.

General Aspect

Historically, Japanese has beer
For the examples, it gave woode
centuries or very expensive frag

quality cars and electric machings recently.

very quality-oriented mindset to Ji
the exquisite architectures, J
technologies mainly from foreign
Japanese style. A long time ago
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influence the developmental pg
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iems and national policies from the
style in middle 19" century that
ations within a short term. It could
licies in Japanese PP industry.
1ave been proceeded by specific
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- Geographically, at the beginnin

tustomers quite unique.
of Japanese PP industry, Japan

- was too far from Western Europe and U.S.A. to import PP from
these countries and there were po nations to compete with Japan
economically in Asia. And Japanese climate is characteristic in high
humidity and mild temperatures,| compared with Western Europ
and U.S.A. '
Furthermore, the start of Japanese PP industry corresponded with
the beginning of the incredibly fapid economic growth of Japan.
Although many small players were born in the PP industry, all of
them could survive owing to the protective and exclusive policies by
Japanese Ministry of International Trade and Industry (MITI) who

believed that their policies wer
devastating defeat of World
relations between the makers
Keiretsu.

Historical observations of the e
For starting the PP industry,

inevitable to recover from the
r ll. It enhanced the specific
d the customers constituted by
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rushed to visit Italy to become licengees of Montecatini and three
companies that were Sumitomo, Mitgubishi and Mitsui-Toatsu could
be licensed to produce PP with TiCl;|catalyst systems. Then, these
three companies had kept their positipns as leaders of Japanese PP
industry for 20 years since 1962. Their initial expectation was to
use PP in Fiber applications for textile use and, in fact, Fiber
applications accounted for 62% in thg PP market in the starting year.
Each PP marker had a respective textile company in their Keiretsu
but they began to dislike low spinnability and poor dyability of PF.
To make the matter worse, high humidity in Japanese climate did
not allow PP to be used even as disposable clothes such as surgery
wear and there was little use of cafpets in Japanese houses that
used Tatami-mat instead of the | carpets. Thus, the Fiber
applications declined rapidly to 10% ip the PP market in 1972,

On the other hand, Injection appli¢ations that accounted for 27%
of the PP market in 1962 grew rapidly to 38% in it in 1972. At the
initial stage, PP Injection replaced metals and wood in such things
for daily use as buckets or washbowls with competing with HDPE.
PP demonstrated its advantages sych as high processability .and
high gloss to HDPE but showed i{s disadvantages such as low
impact strength at low temperatures to it. Then, creation of basic
concept of “Impact-copolymer (block PP) mprcwed its impact
strength at low temperatures to enhance its competitiveness with -
HDPE and allowed it to grow rapidly in the Injection applications
with supported by the mind climate| that winter is relatively warm.
The first massive use of PP Injection was for beer bottles craft use
that was turning point for the PP industry. At that time, there was a
major beer company who was the dominant power in Japanese beer
industry had converted the craft material from wood to HDPE.
‘Creation of block PP enabled the beer company to replace HDPE by
PP.” From a viewpoint of Keiretsu, |the leader of Japanese HDPE
producers was Mitsui Petrochemicals (MPC) of Mitsui Group but
Mitsubishi Group included the beer [company and the PP producer
that promoted the replacement. After its showing high potential of
PP Injection, it could be used as parts of household electric
apparatus such as electric washing achines by increasing its MFR
to improve its melt-flowability.

The other Japanese companies than the Montecatini. licensees
had to develop their own PP production technologies or seek
licensers other than Montecatini. en, many small PP makers
were born and all of them were protected by the policies of MITI.
Although some of them had easy a¢cess to the resin users in their
Keiretsu, their situations were generglly very strict due to brick walls
built by the ahead-going companie$ who were in the Three Major
Groups leading Japanese economy. For such companies, Film
applications were helpful. The Film applications were suitable for




early Japanese PP industry to demonstrate the competitive power of
PP to PE by high rigidity and transparency especially in packing
use. And, from the viewpoint of Keiretsu, the film producers were
too small to be included in the| Three Major Groups. Namely,
because the majority of them wefe in a cotiage industry, even the
PP makers that entered the market late could make their own
Keiretsu by their investment. |Thus-made tight and long-term
relations between resin makers apd resin users led 1o the situation
that was suitable for producing the elaborate PP Film applications
such as multi-layer films or films ifcluding silica or other addifives in
the precise manners. Thus, the F|lm applications that accounted for
7% of the PP market in 1862 grew| rapidly to 23% in it in 1972.

Eventually, many small players
of the grades at small scales in

customers. Thus, the exclusive J
its ineffective business system cz
and trading was tolerated by ths

Japan at this stage.

Historical observations of the late stage

The catalyst innovation allowed

another stage. It changed the ¢

any aspects such as process t
market controllability. Its origi
Montedison independently appli

survived and they produced a lot
accordance with favorites of their
apanese PP market formed, while
using the high cost of production
* miraculous economic growth in .

Japanese PP industry to get into
opmpetitive orders drastically from
hnologies, product qualities or
was in 1968 when MPC and
patents about MgCl-supported

TiCly catalyst systems (TiCl4/MagGl,) in the same year (in our best
knowledge; MPC: on 1 Aug. in Japan; Montedison: on 21 Nov. in
ltaly). Then, both companies stafted the collaborative research for
new TiClJ/MgCl; in the field of| PP production.
electron donors such as ethyl behzoate led to highly stereospecific
and highly active TiClJ/MgCl; and|subsequent study established the
current TiCly/MgCl, by using alkoxy silanes as electron donors. This
catalyst system demonstrated several hundreds times higher activity
and strikingly higher stereospecificity than those of TiCl; catalysts
invented by Natta. Eventually, itjgave birth to large and simplified
PP production processes enabling us to cut the costs drastically by

Introduction of

dispensing with the facilities for r
stereoregular PP. Furthermore,
properties to broaden the field
enhanced stereospecificity and
represented by the replacement
those made of block PP. Th1
continued for more than 20 yej
Japanese PP industry. Thus,
production was established by us
gas hybrid process, although the

oval of catalyst residues and low
it innovatively improved the PP
of PP application by utilizing its
purified active site nature, as
of metal automobile bumpers by
s excellent collaborative project
ars and made MPC a leader in
the global standard in the PP
g TiCly/MgCl; at continuous bulk-
etails such as the catalyst particle




sizes and reactor design were different between MPC (which is now
Mitsui Chemicals, Inc.) and Montedison (which is now Basell) on the
same platform of TiCls/MgCl; technologies. Namely, MPC adopted
vessel reactors that was suitable fdr the production of many PP
grades at small quantities and the smaller size catalysts that were

suitable for the vessel reactors and

nad the advantage in blending

the silica or other additives with the PP powders.
Although the protective and exclusiye policies by MITI were kept in

the first half of this stage, the r

ent recession in Japan and

globalization of main PP users sugh as automobile and electric
appliances companies forced to change them with collapse of
Keiretsu in their use. At last, Japanese PP makers have been

drastically restructured with still
business style.

keeping the quality-oriented
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Randy Woelfel,
President Basell International

Responsible for South America, Afri
Asia-Pacific regions; Corporate straf

ca, Middle East and
eqy

and development and Communicatigns.

Randy's work in the polyolefins industry began
in 1992 when he was assigned by Shell
International Chemical Company, Ltd. as senior
project manager of the multi-billion dollar
merger project between Shell and Montedison.

For the merger, he managed all activities from
conceptualisation to final implementation,
including business plans and valuations
through to launch communications and
corporate identity development.

Montell (Basell's predecessor), the result of the
Shell/Montedison “marriage”, was launched in
May 1895,

Randy then joined Montell International as SVP
of Business Development where his team
created five new polypropylene and advanced
materials joint ventures that doubled Montell's
business position in key international regions.

Following the formation of Basell in 2000,
Randy was assigned to lead all of Basell's
business and development adliviies in its
international regions, and in 2003 he was given
the additional responsibilities for Basell's
corporate strategy and development and
communications teams.

Prior to Montell, Randy worked in several
positions for Shell Oil Company and Shell
Chemical Company in the United Sates.

He began his Shell career in chemical technical
sales (epoxy resins). Subsequent assignments
included manufacturing management of a
chemical intermediates area at Shell's Houston
refinery/chemical complex, business
management of a key chemical intermediates
portfolio and leadership of planning activities for
Shell USA in chemicals and oil products.

In the latter assignment, Randy became the
team leader of a strategic review of the refining
and oil products sector at Shell Qil in 1890.
The recommendations of this broad-reaching
study encompassed dramatic restructuring of

Shell's business in the USA.

Just prior to the launch of the Montell merger
project, Randy managed Shell's business
development group.

Studies:
1881 - Masters degree in Management,
Massachusetts Institute of Technology

MIT—Sloan School of Management. Boston,
Massachusetts.
1877 - Bachelor's degree in Chemical

Engineering, Rice University, Houston, Texas.




Randy Woelfel
President, Basell International

Polypropylene, a business without frontiers. The
geographical expansion ang Basell's role in its growth

Giulio Natta Celebration
Ferrara, ltaly - 13 June 2003

Abstract

Basell and its predecessors have|supported increasing world wide
demand for polypropylene through the licensing of the company's
proprietary Spheripol technology and the formation of a family of joint
ventures with local pariners around the globe.

This lecture focuses on the pxceptional growth potential of
polypropylene. The global demand for polypropylene has already
reached 32 million of tonnes ;Ioduced, with Basell technology
representing about 50% of the total world-wide production capacity.

Basell's leading role in the polyprppylene industry is fuelled by the
company's premiere technology position and a pipeline filled with new
technological platforms. {1 .




Polypropylene, a busingss without frontieres.
The geographical expansion anf Basell's role in its growth

For more than four decades, the polypropylene industry has been an
exiting and rapidly growing business and Basell, through iis
predecessor companies has been a key player in this success story. |
will always remember my first visit here to Ferrara in 1993, when as a
part of my site tour, | was shown |the famous "Reactor monument”
where polypropylene was first commagrcially manufactured in the 1950's.

From the beginning, Basell has been committed to technological
innovation to create value for its| customers and we have been
committed to development on a glpbal basis. This combination of
innovation and globalisation have bden very synergistic: by embracing
both dimensions Basell has helped ig shape both its own destiny as well
as our industry. Today, wherever gne is in the world, we encounter
polypropylene as a common material [in our everyday lives.

During my remarks, | will highlight [he role Basell has played in this
international development. Historically, through deliberate choices to
make our technology available to ouiside companies, and to participate
direcily in global opportunities through a family of joint ventures, own
investments and dedicated marketing teams, Basell has played a vital
supporting role in building polypropylene to a 32 million ton worldwide
industry today. As for the future, with its infrinsic balance of excellent
price/performance characteristics, |active innovation pipeline and
continuing global development - polypropylene opportunities remain
exciting. And we in Basell, intend to play our part.

Looking forward, my slogan would Qe: "its the same story, only more

e as a material of choice for
convenience and value.

In particular, since the introduction off Spheripol in 1982, the time for 10
million ton increments of market development and demand growth has
shrunk to only five years.
In the early years of Spheripol commercialisation, our strong pro-active
licensing strategy greatly contributed to this dramatic growth - by
making better polypropylene properties widely available to the global
market at a much improved cost of pijoduction.




Future growth will come from a clear s
Asia, growing to 44 % of total demand
Basell's well established presence in thi
family joint ventures and an extensivy
ensure that tomorrow’s innovations are
timely fashion.

It is also useful to study the per capita u

nift in global demand towards
| in 2010 from 33 % in 1990.
region, through a network of
representation network will
brought into the market in a

b
)
=1
Cr

se of polypropylene world wide

to confirm the remaining untapped potenfjal for PP growth.

When compared to the developed coun{

exceeds 20 kg, there is no doubt that
expand internationally.

ries, where PP per capita use
polypropylene will continue to

Developing economies like China or India, at less than 4 kg per capita,

represent particularly important opportun

We know how important it is to be a p
present in those developing countrie

}

platform, an expert marketing and suppl)
relationships is absolutely critical to our fi

ties.

irt of this development. Being
via a strong manufacturing
network, and strong customer
ifure success.

-
L+

Let's also reflect for a moment on the genetration of our technology in

the polypropylene market.

Spheripol process technology and Basell's dedication to catalyst

developments and innovations have
international expansion of PP.

played a key role in the

Basell technology today represents about 50 % of the total world wide

PP capacity of 35 million tonnes; about
Basell and our Joint Ventures and the re

half of our share is operated by
mainder by our licensees.

Another important comerstone of our international success has been

the deliberate strategy to participate
polypropylene via joint ventures. We
structure of choice in these markets
strengths with our own. By pooling re
leverage our market presence far be
achieved on its own.
Qur concept is a partnership approach|
goal to be a leader internationally - in
segments.

This global presence enables us ¢
innovative solutions for our cusiomers
whenever they choose to expand.
international development, so it is esg

in the commercial growth of
believe joint ventures are the
, by combining local partner
sources, we have been able to
yond what Basell could have

on a long term basis, with the
pur target countries and market

) provide product/service and

wherever they are based and

Future growth will come from

ential that Basell has a global




network skilled at rapid commerc
applications, with the genuine ability t

jalisation of new producits and
D deliver value to our customers.

Qur ventures are our main face fo this expanding market place, and
through full and open exchange of krjowledge and experience plus pro-
active teamwork we are able to bring Basell effectively to customers
worldwide through our Joint Venture Family.

Looking at our global position in 1995, Basell participated in 1,250 kton
of PP with 5 joint ventures and one wholly owned company in Australia.

Based on our strategy fo expand int
ventures,

ernationally primarily through joint

We have reached a capacity o f glmost three million tons in our
international Basell Family. And we Will add an eighth PP joint venture
early next year when SPC, a 450 kton PP complex in Saudi Arabia
begins operations. This combined capacity places Basell in a clear
leadership position in the growing markets of Latin America, the Middle
East and Asia Pacific.

But production facilities in selected
Basell to drive our International strat
viable supplier in many more count
Family also includes a network of dec
who sell in more than 120 couniries,
Ventures and from our European or N

y countries are not enough. For
y forward also requires us to be a
'y markets. So, our International
icated commercial representatives
supplying products from our Joint
orth American assets.

This year marks the 30th anniversarly of our first joint venture, TPP in
Taiwan, and the 25th anniversary of our Brasilian venture, Polibrasil;
milestones which clearly back up otur philosophy of partnership on a
long term basis.

And we have been active in global
years, since we sold our first license i

Basell has genuinely lived its philoso
commitment to the intermational
innovation.

But the polypropylene story is far
project pipeline is full of technologi
support tomorrow’s demands for enh
and expanded, reliable supplies.

Spheripol licensing for almost 20
n India.

phy of long term partnerships, and

commercialisation of technology

from finished. Happily, Basell's
cal ideas and venture projects to
anced Polypropylene performance




In summary, one can visualise Basell's continued commitment to PP
development as a kind of wheel. It starts with ideas and significant

research and development sponsorship.

This leads to innovation that is

brought to our Basell customers, through our family network. Third
parties also get access to the technology and in turn help extend PP
innovation for the benefit and convenierjce of more customers around
the world. This results in an expanded market reach for the producis
and enhanced eamings to Basell so thatjwe can re-invest the money in
new innovations as well as in new joint vgntures — resulting in expanded

supply capabilities. The learnings on

this PP “circle of life" pathway

result in new ideas for which we inves{ new R&D efforts and so the

process continues to regenerate.

If we can keep this circle unbroken,| we look forward with great
anticipation to the next four decades of the Polypropylene story.

More of the same — only more so !!

Thank you very much for your attention.
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PP demand keeps steady growth rate

With Global Demand share shiﬁirE1 toward Asia
Polypropylens World Consumptipn Evelution
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The Role of the Spheripol process in PP Growth

15,7 mjillion tonnes licensed capacity
50% df PT capacity

92 lu:rsmi lines
78 lings in operation

» Basell plays a key role in Innovation and ifs

development Internationally gii~ree:

Basell's Global Reach Thrpugh Joint Ventures

L

Deliberate Strategy to participate internationally via JV's

*

Partnership on long-term basis
— Value brought to JV from all owners

+

“Independence” and “mutual depgndence”

+

Strong mutual influence & collabgration
— Marketing networking
— Technology Innovation and knowledge exchange
— Benchmarking and best pracices
— Personnel exchange

@ basell

Pobyoleding.




Basell's Family

1995 Picture

| 1,250 kton

Europe _ 2 ,Ef_}ﬂ kton Fui_’,m;;
@ e North America .650 kton i
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S International 950 kton ;
s 550 kton =TI
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Basell’s Strong Geogn’phic Diversification

Seliing in over Y20 countries
Productsg In 18 eduntries

i -

3  Glabal Pyjyulefins feader, both i§ terms of manufacturing & marketing
= Network of partnership plus wosldwide representation

= Leading commercial presence injall major markels

= Key OEM relationship plus posifion in selected market segments

® Production Sites & basell
Fodyedafine

Basell Internationalisation Milestones

1973 Creation of JV, TPP, Taiwan
1977 Creation of JV, Polibrasil, Brasil
1982 First Spheripol plant Montedibon (Brindisi, Ttaly)
19 First Sleluuce to a third party IPCL ({India)
1987 Creation of JV, HMC, Thailapd
1988 Creation of JV, Indelpro, Megico
1990 Creation of JV, Petroken, Argentina
1995 50th licensed line, reached 1 m tonnes licensed in Korea
1999 Creation of JV, Sun Allomer, Japan
2000 13 million tonnes licensed n%ﬁu k .
reached 500 reactor-years with no major accident
2000 Creation of JV, PMC, Korea
2001 Creation of JV, S8PC, Saudi Afrabia
2003 Mew 300 kta Spheripol licensejoperational at JV, Polibrasil

(& basell
Mav 2003 15.7 million tonnes licensed edpacity Pafyiilcfien




The Engineering Comp;
industrializ

Where does Spheripol come from

any, a key player in the
ation step

Allow me to open this short presentation with a very obvious statement:

Technological innovation usually

velops within large corporations,

which have the financial strength and strategic vision to sustain the
difficult path that leads from the orig|nal idea to its industrial application,

through the necessary research and

Montecatini had precisely this kind

development.

of creative corporate environment

when, in the early 50¢’, its management understood the unique potential

of the research made by Professor N\
(the starting point of what later on &

supported its development.

had a key role in supportin
internationalisation of the available t

Tecnimont was at that time the engineering division of Montecatini and

Today such integration between
development phases is not easily ac

The cooperation between Basell and
of the few cases where the commg
and strengthened these synergies, c
the Spheripol technology in the worig

Technology as a shared asset

It has soon been proven that a
Spheripel could have not beer
registrations.

Instead, the real defence of the lea
the sharing of the technology witl
successors (ultimately Basell) hav
technological leadership into a worl

Ironically, the more the Technology

atta on the stereo specific catalysis
ecame the Spheripol process) and

the industrialization and the
zchnological assets. [- slide N.1-]

R&D, production and engineering
hieved.

Tecnimont, therefore, remains one
in industrial roots have maintained
ontributing to the unigue success of
B

highly innovative Technology like
protected simply with Patent

dership has been achieved through
1 the market: Montecatini and its
been successful in converting a
ide business leadership.

widens its range of licensees and

applications, the more its value and leadership are strengthened.




A dedicated organization for the industrialization.....

Thanks to its close integration with the R&D steps, Tecnimont has been
very successful in supporting the |ndustrialization of the former
Montecatini, and presently Basell, techrjologies.

In the process, our company has achigved a recognized world leading
position as engineer in the field of Polyolefins and more specifically in
Polypropylene. [- Slide N. 2 -]

This has been made possible through |a dedicated organization, which
integrates high technological and process expertise with specific
engineering and procurement capabilities. [- Slide N. 3 -]

Through such an organization Tecnimont has been able to services
which range from the Process Design| up to the Plant commissioning
and operation.

Feedbacks from Polypropylene operating Plants come not only from
those Projecis that we are managing |worldwide but also through our
Engineering Unit in Brindisi, which has been operated for many years
within the Basell organization.

......and for the internationalisation gf a winning technology.

Localization or, in other words, the need to match the specific
requirements and standards in any inuntry where a new Project is
developed, is a key factor in the business of Engineering Contractors.

The consistency with such specific ngeds does not represent a pure
and simple working tool but shall become a natural tool and a cultural
asset.

This “Cultural Sensitivity” has been the foundation for Tecnimont’ s
success in promoting Spheripol in ngw Countries like India, Russia,
China, Iran and Latin America.

Such an attitude has then been integiated with a stable presence and
monitoring of the market through a nefwork of offices and subsidiaries.
[- Slide N. 4 -]
Spheripol represents a unique case in|the industry and has become by
far the world leading and most utilized fechnology.




We are proud of having provided our modest contribution to its success

[- Slide N. 5 -]

Flexibility: a task for the future

An investment decision today needls to be supported by exhaustive

assessments involving product

ranges and applications, value

improvement practices (Capex optimisation), financing options and off-

take prospects.

these requirements in order to suppqrt not only the technology selection

An Engineering Contractor, merefoﬂl:e, has to provide full interface to

but also the investment decision itself.

In this connection, Tecnimont’ s rjch experience and its long term
relationship with Basell and its predecessors is the best guarantee for

any potential Investor.

A long lasting relationship that grows and creates value

important and valuable common asset and we wish that it will continue

The cooperation between Tecnimurqand Basell has become in itself an

to develop and strengthen in the yea

s to come.
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Marco Bergaglio

Piber Group
Sales Managers

Education:
Graduation in Economics.
Bocconi University, Milano

Additional information:

After a one year experience in a
financial company, he jointed
Piber Group in 1992, as a sales
assistant for the  plastic
packaging sector.

In 1995 he jointed the Board of
Graziano Macchine Utensili, with
the responsibility to built up the
Sales department, the
International Distribution
Network and the marketing
strategy.

The challenge was very hard as
the machine tool market is one
of the most competitive. The
goods results achieved by the
company in the following three
years were noted by a big player
of the market, quoted at the

Stock Exchange, that bought the
company in 1998.

In 1999 he fook the
responsibility of Sales
Department in Piber Group,
developing the export sales in
the EC and Canada.

He is a Member of the Board of
Entrepreneur Associations of

Pavia




Marco Bergaglio
Sales Manager, Piberplast

The inroad of polypropyleng into the rigid packaging
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Giulio Natta
Ferrara, Iltaly -
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This lecture focuses on the excelleni progress polypropylene has made
in the packaging sector, as experienced by Piberplast, a leading
company in the European packaging market. |t compares the utilisation
of polystyrene and polypropylene, which was introduced in Piberplast in

1973.

Thanks to its intrinsic properties,

lypropylene has emerged as the

strategic raw material for Piberlplas{'s rigid packaging business. After
initial processability and purity isgues were overcome with costly

conversion techniques and expedi
as a material for packaging was quic

ts, the potential of polypropylene
y realised.

The advent of the Spheripol process in the early 1980°s significantly

contributed to solving the issues

linked with polypropylene’s first

generation technology and Piberplast was able to take full advantage of

the new and improved polypropylene

Polypropylene has now replaced
sophisticated packaging solutions
customers include such highly rega
Nestlé and Galbani.

products.

polystyrene in a wide range of
provided by Piberplast, whose
rded food companies as Unilever,




The inroad of polypropylene into the rigid packagjihg industry

Established in 1959 by P.A.B., Piberplast bagan its history with the production of
packaging using plastic materials initially in fhe pharmaceutical market, and then
mckl developed into the food market durirjg the first few years.

'IE_NTI VAHI DEL SETTOH _ FAHMACEUT!GU

The raw materials used in those years werg essentially CRYSTAL
POLYSTYRENE, SHOCKPROOF POLYSTYRENE and POLYETHYLENE, which
were used for the caps and lids shown aboye.




La Dirza Piberplast @i Pontecurone - Alessgndrid, da
stiche e si @ specializzara in modo particolare nell
ogni forma, lipe e dimensioni per Uimballaggio di

Nefla figura alcuni campioni della produzione Pibeng

Esuratio

CONTENITORI PER PRODOT[II ALIMENTARI

holti anni stampa materie pla-

produzione di coniznirori di
r?lgan-i alimentari € affink
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Between the end of the 1960's and the beginning of the1970’s, the demand for

plastic packaging increased considerably, thar

ks both to the increase in

consumption (economic boom), and to the pecluiiar characteristics of the plastic

packaging such as lightweight packaging, resi

tance to aggressive ingredients,

shape flexibility, ability to personalise the packaging).




With the tensions in the oil market that werg taking place in 1973, Piberplast
started to do the first tests on polypropyleng, with an annual consumption that went
up to 250 tons.
Some aspects were immediately clear:
e On cne side it was necessary to reconsider many of the production methods
used up until that point (mould engingering and materials, type and power of
the injection moulding machines, padkaging decorating methods, etc.)
e But, at the same time, the promises gf the new material were very
encouraging in terms of food contact and physical characteristics of the
products.
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The first large scale production was in 1977, when, a tray for Barilla was
manufactured with a range of characteristics thhat made it particularly innovative.
As a matter of fact, thanks to polypropylene it yvas possible to manufacture a tray

with an optimal steam barrier that could be thgrmo-sealed with an easy-open
peelable film, that could bear a sanification prgcess in warm conditions after the

could be sirong and lightwel




During those years'. the public catering business discovered the potential of
polypropylene, above all its lightness, the durgbility, its easy opening and sealing

and the possibility of refrigerating and heating pip to 120°C.

G.M.T.




In only 3 years (78's — 80's) there followed a range of new applications for some
very prestigious customers (MOTTA, SANSON), who took the percentage
incidence of the polypropylene consumption in| Piberplast from zero up to 35%.

It was a very fast and steep evolution if we thirjk that in those years polypropylene
could offer innovative and interesting features,| but very disappointing colour, smell,
purity, firmness and workability processability ¢haracteristics.

Piberplast found itself in the position to need t¢ develop production techniques and
expedients that, somehow had to provide an improvement in these new packs.

In particular, PP had to undergo a "DEGAS” phase before the injection.

Further, in order to obtain products with thin whlls and good characteristics of
dimensional stability, it was necessary to proceed with a compression of the mould
which had to follow on immediately from the injection phase, thus complicating and
slowing down the cycle time.
The machines generally used in the productiop of polypropylene components were

not really suited for this material, above all for their power characteristics in the
injection phase.
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Despite these technical difficulties, excelle t resulis could be achieved by
introducing packaging with innovative chargcteristics: see, for example, this
packaging in transparent PP produced in 1980, initially manufactured in crystal
polystyrene, which is well-known for its fragility and brittleness.
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Other prestigious customers benefited in the fpllowing years from the potential of
polypropylene, such as in the case of Galbani| who have since 1981 been using PP
for ricotta and mascarpone cheese packaging|with hot filling.

Or indeed like Unilever Italy (Van Den Bergh) who prefer PP for its excellent
behaviour when in contact with fats.
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The consumption of PP in Piberplast during the 80's increases at absolute value,

but not yet in percentage value in comparispn with the other raw materials which
grow in line with that of general market expansion.




The first generation of PP had opened the way | had enabled a significant range of
applications where some particular characteristics gave some reward, but we can
say also despite some still obvious limits.

Only at the end of the 1980’s did the market data outline the importance of the
technological jump of the Spheripol technology

The possibility to control the polymerizing processes and the use of the high yield
catalyst removed the limits of the first generatign PP, by opening the way to a
distribution of consumption with an unstoppablé growing cycle, that during the19
90's enabled the consumption incidence of PP fto 80% of the total polymer
reguirements.
Practically speaking, within 20 years, polypropylene material has replaced
polystyrene.

The years of delay between the scientific evolution (Spheripol) of 1982/83 and the
upturn of the substitution rate PP/PS (1991) arg physiological, above all when, to
this replacement are tied many elements such jas: necessity of new investments in
moulds, injection and offset printing machines,|needs to modify the food packaging
lines, sealing films improvements, efc.

So, starting from the 1990’s, almost all the packaging has been projected and
realized in polypropylene, thanks, above all, tola wide range of PP now available (
in terms of fluidity, form, transparency, resistarce to low temperatures, efc.)

The examples would be never-ending and | just quote the most representative
ones: in '99 for UNILEVER in the ice cream mprket, with the transparent tub
CARTE D'OR, one of the European previews pf Piberplast.
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In 2000 for NESTLE, the realization of a two-colour re-usable containé'r.

NESTLE" ITALIANA S.p.A. DIV.ITALGEL

ITBIC 1 cun. CITBIC

In 2001 for GALBANI, the realization of a cpntainer in PP, oval-shaped and
completely covered by a polypropylene labgl.




Today, materials and converting technology erjable the proposal of solutions that
differentiate the product and offer a service to the consumer.
Like in the case of this packaging, that incorpofates in only one unit and single

production process, cutlery that is removable gnd hygienically protected during the
distribution phases.




Or like this ;_Jar:kaging that presents a handle that is integrated in only one unit and
production process, t:-ut removable when needed for use.

Dated 2003 the tub for Nestle with an integfated tamper evident system




As well as an application for the margarine segtor that has enabled the integration

in only one packaging of extreme characteristi
compared to the thermoforming process), free
the lid, production in sterile conditions.

Once more PP has enabled the formulation of
demands of the customer, that are really unac
materials.

cs of lightness (a winning result
zing resistance, IML decoration on

a suitable answer to the precise
nievable with other alternative
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__ IS
TOHE HOLDING OF THE PIBER GROUP |

. *PIBERINVEST S.p.A., having its leggzl seat in
“Voghera (Pv),-is ‘the' holding company that
controls ' the societies of the Piber Group.
- The Group is made up of 10 compianies, with
. about 600 employees.

“*The plants cover an area of 250.000 sq.m, of
which about 50.000 sq.m are covered.

«The consolidated gross turnover of the PIEER
GROUP on the year 2002 was about 73,9 million Euro.
=80,4% of this tumover comes from the activity of

i ngnd and semi-rigid packaging, 3,3% from pa::kagmg

‘-angineering and 6,3% from 5ervil:srs.

5 '*The PIBER GROUF ;:mduced in 2002 n° 1,06 milliard =
~.of packagings and lids, fransforming ahr.lut 15. EII:IU =i
tu:ms nf plastn: m"tenal . : :
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Dario Beltrandi
General Manager,

Beverage & Packaging
Division, SACMI IMOLA

Education:

Graduation in Mechanical
Engineering, Bologna
University.

Management Development
Program, Bocconi University,
Milan.

Additional information:

In parallel with the University studies,
he joined TECNO F1 racing team in
Borgo Panigale, Italy for three years in
designing racing cars.

In the middle 70s he worked as a free-
lance mechanical design engineer
consultant.

In 1976 he joined SACMI and he was
given the responsibility- to lead a
project of automatic - machines for
ceramic tiles handling system in the
Ceramic Division.

In three years he gave an important
contribution to the automation of the
ceramic tiles process manufacturing.

In 1979 he was appointed Technical
Director of the newly born Packaging
Division of SACMI| Imala.

In one decade, he has developed new
processes and systems fo produce
metal, aluminium and plastic caps and,
in this field, he contributed to file some
important patents that still are the
heart of the current business.

During this period, he wished to have
continuous contacts with the market
that he considers the source of the

~ company guidelines.

At the beginning of the 90s he was
nomitated Vice-General Manager of
Packaging Division in SACMI, taking
care of the coordination of engineering
department with the marketing and
production and his management
experience increased too.

In this position he gave a strong thrust
to the development of the compression
moulding technology.

In 1999 he was appointed General
Manager of the Beverage & Packaging
Division of SACMI Imola.

In the last four years the business has
expanded to new areas such as

- process control systems, fruit quality

control systems, PET containers, etc.
and the closure business has
increased significantly.

Today thanks to the internal expansion
and many aquisition SACMI has
become a major Group including many
companies in the beverage, food and

packaging industry.

He is currently a member of the Board
of Directors in NEGRI BOSSI, Cologno
Monzese, a company listed in the
Stock of Exchange in Milan.

He is Vice President of BM Biraghi,

- Monza.

He is President of the shareholders
board of RAYTEC VISION, Parmma and
is also a member of the Shareholder
board in in SACMI LABELLING and
SACMI FILLING.

He is also President of FARO
INNOVISION, Haifa Israel.
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We can confirm that the discovery made by Professor Giulio Natta

allowed SACMI to achieve significan

When the first PET bottle began
initial thought was that this could beg
was mainly based on machinery f
metal closures.

Instead of defending the metal ¢
analyzing this new product, which
systems.

SACMI launched
technology which they derived from
production in order to find out the m¢
closures for the PET bottles.

industrial success.

b appear on the market, SACMl's
tome a threat to its business, which
or manufacturing crown caps and

zaps, SACMI immediately began
| of course, needed new closure

research programs -on compression molding

the experience in meial cap liner
pst suitable process to manufacture

The close technological partnersh

p between SACMI and HIMONT

could guarantee SACMI the essential support and- also the guidelines to -
develop the resin that could be most suitable for the process and for the

machine. The combined research
initial compression molding machi
resin MOPLEN EPC 57 MA; the resL
The plastic cap molding business &

orts led fo the construction of an
prototype and SACMI| used the

Its proved to be extremely good.

xpanded to a point to overshadow

the metal caps market and plastics became SACMI's main product line.

SACMI's experience with closures

allowed them to build up quite a

reputation in the industry and so they decided to widen their sphere of

action by offering customers alteri
they purchased Negri Bossi, the le
presses. Subsequently, BM Biraghi 2

Polypropylene has given SACMI the
industrial opportunity.

atives of compression; therefore,
tading lalian producer of injection
ind OIMA were also purchased.

opportunity to turn a threat into an




Polypropylene & Compression Technology:
a successful casie history

introduction

| wish to thank Basell for the honour{granted to Sacmi Imola in
allowing us to illustrate the signjificant industrial success
achieved by a machine constructor, pll thanks to the discovery
made by Professor Giulio Natta: Polypropylene.

Sacmi is a leading company in i
complete plants for the production of
various types, such as bottles, phials,

ie field of machines and
' closures for containers of
tubes etc.

Our company history dates back tp the immediate post-war
period when Sacmi started producing machines for the
manufacture of crown caps: in just tWo decades it succeeded in
becoming the absolute leader in this particular packaging field.

in the 80s world crown cap output
pieces per year: over 70% of them
machines.
The associated production technolog
distinct phases: pressing of the m
followed by construction of the liner
compression moulding process.

Most crown caps are used as closurgs on glass bottles.

stood at about 300 billion
were produced using our

y can be broken down into
llic cap to give it shape,
ia a thermoplastic polymer

The advent of plastic bottles:
opportunity

a threat becomes an

At the start of the 80s the first PET [polyethylene terephthalate)
bottles began to appear on the market. This was nothing less
than a market revolution, as these containers had characteristics
that were very different from those of glass bottles.

In Sacmi, we immediately began analysing this new container
and straight away became aware that it represented a serious
threat to our business.

However, it was not our aim to defer]
despite the fact that it had, for many
of development: our strategy, rather
those specific segments of the be
had already made a name for ourse
Thus all efforts were directed at s
which, of course, needed new closul

d the crown cap at all costs,
years, been our sole source
. was to defend our share in
erage industry in which we
235,

Istaining the new container

e systems.




Research programs were thus laut
lines: the aim was to identify the type of closure that would be
most suitable for the container ang the systems and processes
that would be most convenient for its manufacture.

Qur aim was to differentiate oprselves from the injection
moulding process, the system thep universally adopted for the
production of plastic caps.
Our studies, based on the compression technology and know-
how derived from extensive experjence in producing the liners
on metal caps, showed that, in thegry at least, there was a good
chance of compression-moulding the cap itself.

iched along several different

Himont and Sacmi form a winning team

However, our research program did not, of course, allow us full
autonomy as regards all the resin-linked aspecits.

To this end a close technological
Himont of Ferrara. Their Technical
most advanced in the world, gua

parinership was formed with
Centre, acknowledged as the
eed us essential support by

supplying us with technological gpidelines and developing the
resin that would be most suitable far our process.

Un meeting that goal, POLYPROPYLENE was eventually
identified as being the material ich, more than any other
plastic, had all the necessary specifications.

Our compression technology repearch also invelved some
universities; working together with them, we developed and
perfected highly complex calculation systems used to study how

plastic materials behave when sub

Analysis confirmed expectations:

techniques gave, with respect t
higher productivity. This advanta
than with HDPE on account o
coefficient. This, then, reinfor

ect to compression.

the use of compression
injection, the advantage of
was more marked with PP
its lower heat conductivity
ced the decision to use

compression together with Polypropylene!

POLYPROPYLENE gives rise to

Combined research efforts led to
compression machine prototype

a technological miracle

the construction of an initial
equipped with 32 moulds

capable of producing 300 caps per minute.

The resin used on this model w
produced and marketed under the
57 MA: it was a Polypropylene res
and impact resistance characterist

as perfected by Himont and
product code MOPLEN EPC
in with excellent melt strength
CS.




Thanks to the excellent characterisjics of the employed resin,
results proved to be extremely good in terms of both machine
perforrnance and cap quality.

The performance requirements of the botiles - subject to internal
pressure and thermal production cygles - were, in fact, met in
full. What's more, goals were also achieved economically as the
EPC 57 MA responded well to all requirements and also proved
to be highly adaptable to the compression process.

The results of the BASELL — SACNMI partnership

Marketing of the new product began in 1993: since then the
plastic cap moulding business has gone from strength to
strength and expanded to a point at which it overshadows the
metal caps market. For Sacmi's Packaging Division, plastic caps
are now the main product line.

Sacmi and Himont had entered jnto a binding agreement
whereby Sacmi offered its clients the machines while strongly
suggesting use of the Himont resin, which, on account of the
enormous amount of development jwork that had been done,
was evidently the number one chaice for top performance of
both machine and moulded product.

How has compression fared on the market?

QUALITY

Cnssinn ﬂulding has prmrd considerably competitive in
those areas where high output rajes and very high product

..\L




quality (in terms of aspect, consistent size and extremely limited

de-moulding/cooling deformation) are required.
The future
Sacmi continues to channel considerable resources into

compression in order to enhance perfi
range of application.
Qur advanced research labs are cumrently testing 32-mould
machines that can produce 800 capg per minutes and the
technology is being tried out on several different products.

brmance and extend its

Our experience with caps has alloweg
reputation in the industry: in order| to capitalise on this
acknowledgement we have decided widen our sphere of
action by offering customers alternatives to compression in
those areas of the cap market where |injection technology still
appears to be the best way forwards. Those areas include
plastic caps produced in relatively small lots, a scenario in which
injection moulding is generally preferable.
To this end, seeing as we also belieye that, over the coming
years plastics will - in packaging along - take on ever-greater
importance, we purchased Negri and Bossi, a company quoted
on the Milan stock exchange and the lsading I[talian producer of
injection presses. Subsequently, BM Biraghi and OIMA were
also purchased.
These three companies have a combingd production potential of
1500 presses a year and have allowpd us to become ltaly's
leading constructor and one of Europe’g biggest.

Summing up, Sacmi is the only consfructor able to offer both
plastic cap production technologies an is, thanks to extensive
experience, able to provide clients with optimum solutions on a
case by case basis.

us to build up quite a

Within the field of injection for PP cap
between Basell and Sacmi to continue:
it.

5, we expect cooperation
in fact, we're counting on

Thank you Giulio and thank you Basegll!

PP has given us the opportunity to turr
into an industrial opportunity that is

} a threat to our company
ow used in hundreds of

plants and a significant share of the market.




For all these things, we shall always be incredibly grateful to
Professor G. NATTA and BASELL.
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ABSTRACT

The global polyolefins industry has become
was 55.8 MM Tonnes and PP demand wa

higher than GDP. Both businesses are matt

very large business, In 2002, PE demand
34.1 MM Tonnes—both growing at rates
ring, ‘as 'growth rates have slowed over the

[

last 10-15 year period. Over this period, polyolefin businesses have failed to create

sustainable value for their sharsholders.
reduction in the number of polyolefin p

n response, there has been a dramatic
icipants and industry concentration has

increased significantly (eg. top 10 suppliers|as percentage of industry capacity jumped

from roughly 35-52% for both PE and
consolidated industry is how to improve pro
global basis.

HII:
P). The significant challenge facing the

itability to sustainably attractive levels on a

Charles River Associates (CRA) has developed a framework for evaluating and driving

value-creation in the polyolefin business. In
based on value-creation in three dimensions
= Olefin Competitiveness
Polymer Excelience
Technology Monetization

These value-creation pillars are optimally
support processes organized on a regi
feedstock economics, asset configuratio
“Polymer Excellence,” leadership is definel
location, scale, effective customer focused
products. Finally, leadership in “Technolog
process technology and catalysts underpinn
and process innovations.

The companies that will create sustainable &
be those that combine strength in all of
resource-rich companies, some of which ha
oriented producers that have attained globa
that fill market needs and are able to leverad
platform.

our model, superior sustainable returns are

pported by management, operating, "and

u
EI’\E' basis. In "Olefin Competitiveness,”

and optimization drive leadership. In
i by breadth of product offering, operations
processes, & a continuing pipeline of new
Monetization” is determined by sales of
d by the continuing development of catalyst

usiness value and polyolefin leadership will
these value-creation pillars. They include
ye advantaged raw materials; large markst-
scale; and technology-oriented companies
e technology developments across a global




Global Polyolefins Industry:
Situation and Future Challenges

Thank you very much for inviting me to speak today in front of this
distinguished audience as we honor the achievements of Professor Giulio
Natta. | am Brian Gersh, a Principal in the [Chemical and Petroleum Practice of
Charles River Associates (CRA). | came|to CRA in May of 2002 when the
Chemicals and Energy Practice of Arthur ). Little (ADL) was acquired by CRA.
At ADL, | spent 13 years as the Principal |- Polymers in the Global Chemicals
Practice working on business and management issues for global polymers and
plastics companies—and at CRA, | am ¢ontinuing in that role. Today, | am
going to talk about the global polyolefing industry — the current situation for
stakeholders as well as future challenges that they face.

The global polyolefins industry has pecome a very large business (slide
#1). In 2002, global polyethylene demand was approximately 55.8 million
tonnes, anticipated to grow at 5.9 percent per year over the next five years.
While good growth is still expected from |highly developed regions like North
America and Western Europe, outstanding growth is envisioned in Asia/Pacific
where the current business base is already the largest of all regions. LLDPE
and HDPE are forecasted to grow at alove average PE growth rates, with
LLDPE (at 8.9 percent per year) setting tfje pace. Volume growth is significant
for both LLDPE and HDPE, with LDPE much less as it grows at a discount to
GDP.

Global polypropylene demand in 2002 was roughly 34.1 million tonnes,
with expected five-year growth of almost | percent per year (slide #2). We see
similar patterns among the regions, as in PE, with good growth among the
large and developed regions (e.g. North|America and Western Europe); and
outstanding growth in Asia/Pacific, which is already the largest PP-consuming
region. Volume growth in PP over this perjod is expected to be significant!

When people think about polyolefins, they think about preducts that
were in their growth phase in the 70s and 80s. Today, they associate these
products with maturing businesses that ng longer are exciting. For perspective,
we compare polyolefins to other process| industries like steel and paper; both
businesses which are mature, and in|which participants are fighting for
survivall (slide #3) Even today, polyolefirjs have a long way to go before they
catch up with either paper or steel; gr rates for polyolefins continue at
significantly higher rates than GDP, paper, and steel. So, the excitement has
not yet been totally eliminated from polyolefins!

Despite robust growth seen in the past and anticipated looking forward,
stand-alone polyolefin businesses have failed to create sustainable value for
their shareholders (slide #4). Except for |a select number of differentiated PE
and PP products which represent markgt niches, products representing the
largest portions of the market do not appear to provide attractive returns. This




picture is a big concern for a business that is
for which continuing investment will be neces
response to these financial challenges (s
consolidation of the producer landscape. In F
industry has occurred, as the top 10 comg anies today represent over 50
percent of capacity; whereas 10 years earliet], it was 35 percent. In PP (slide
#6), we see a similar pattern as the top 10 co panies went from 36 percent to
52 percent of global industry capacity over {he same period. Not only have
larger “polyolefin® companies been formed, b t this trend has resulted in more
globally-oriented participants as well. There aje fewer single-region companies

still growing at attractive levels,
ry to realize this growth.... One
de #5) has been a dramatic
E, a concentration of the global

left among the top tier of participants.

The industry faces a significant challenge (slide #7) — how to grow while

providing acceptable profitability o
searching for ways to drive their busin
maximization zone.”

Charles River Associates (CRA) has d

for evaluating and driving value creation in t

In our model, superior sustainable returns areg

dimensions:

e Olefin Competitiveness
e Polymer Excellence
e Technology Monetization

These value creation pillars are optima

operating, and support processes organized

In “Olefins Competitiveness”, we
steam cracking over the alternative value of
Excellence”,
manufacturing over monomer at merchant
Monetization”, we look at the incremen
catalyst sales leveraging strength in
developments. This analytical framework vi
manner that is consistent with the way that
their value chain.

The framework underlying “Olefins C
feedstock economics, asset configuratior]
includes such considerations as: feedstock
configuration— which considers synergy

businesses, such as refining and gas cperaf

polymer operations. “Polymer Excellence’
and commodity components of the busing

I

we consider the incremer

n a sustginable basis? Participanis are

portfolio toward the “value

veloped an analytical framework
e polyolefins business (sfide #8).
based on value creation in three

lly supported by management,
bn a regional basis.

ok at the incremental value of
edstock (slide #9). In “Polymer
tal value created by polymer
arket price. And in “Technology
value of process licensing and
overall longerterm technology
ws value creation in a pragmatic
olyolefin companies take profits in

ompetitiveness” concentrates on
. and asset optimization. This
cost and security, scale, and site
advantages with other related
ions, and linkages to downstream
evaluates needs in the premium
ss, as well as customer-focused

support activities. This includes consideration of: product mix, operations




location and size, efficiency and effectiveness of customer-focused business
support processes, and the incorporation of technology development to
maintain a pipeline of shori-/medium-term innovations. And finally, in
“Technology Monetization” we evalyate the development of process
technology and catalysts for use in the ¢aptive polyolefins business and for
sale to Third Party licensees. This includgs the “evolutionary” development of
“next generation” polyolefin technologies| the commercialization of resulting
products in the manufacturing business, gnd the business of seliing process
technology licenses and catalysts to Third |Parties.

Based on these diverse and complex considerations, several different
types of polyolefin leaders have evolved (slide #10):

* “Big oil/resource owners™
e “Market players”
e “Technology-oriented players”

Leading players tend fo be strong across
are |leaders in specific pillars and only =
different “natural® strengths and need

“Achilles’ Heel.” “Big oil/resource owners”
competitiveness in the largest component|of the cost structure — raw materials
(slide #11). Examples include ExxonMobil, SABIC, and Shell, which exploit a
basic position back to the well-head anfl/or exploit advantaged feedstocks.
While the position of these companies is strong, they still have the challenge of
capturing the lion’s share of global growth (e.g. Asia/Pacific), replicating their
raw material strength in new regions,|and securing strong channels to
market—this is no trivial task, even for ¢companies of this scale, reach, and
heritage. “Market players” eamn way in polyolefins through
competitiveness in commodity producis to build scale, and a strong
participation in speciaity/premium products (slide #12). Examples include Dow,
Basell, and ExxonMobil, which operate |n several regions or globally, offer
broadly competitive-grade slates, and have excellent pipelines of short-

several value creation pillars; some
verage in others. Participants have
o make sure they don't have an
arn their way in polyolefins through

/medium-term technology developments
market channels. These companies are
of materials businesses by end-users,
continue innovating on a global basis

at are well focused toward specific
allenged by the "commoditization”
hich makes it difficult for them to
s profitability is compressed. And

finally, “Technology-oriented players” (slige #13) earn their way in polyolefins
through developing next-generation/cutting edge technologies,
commercializing them through large scalefcaptive operations, and selling them
to third parties. The most visible examples are Univation Technologies (PE)

and Basell (PP), owners of the flagshi
Unipol (PE) and Spheripol (PP). These
have led in the development of the leadin
for the manufacture of gas-phase PE an

polyolefin process technologies —
companies and their predecessors
g process technologies and catalysis
i bulk PP. These companies are on

the cutting edge of next-generation pojymer products, through continuing




innovations in process technology and new cgtalysts. While the economics of
the business have challenged the “staying gower” of these participants and
their ability to continue investing in iechnolag{, we believe that the leaders in

polyolefins will continue to be those that inngvate in technology development
‘while keeping their eyes on maintaining and growing strength in the other two
value-creation piliars.

Thank you very much for your time.
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Globzal Polyolefins Industry  Shuation

Since the introduction of low-pressure polyolefins in the late 1850s, the
business has become a 90 MM Tonne global indusiry—PE represents over
60% of this industry...
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Global Polyalefins Industry  Sstuation

... and PP, itself a large business, represents the rest
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Global Polyolefins Industry  Situafion

However, the evolution of the steel and papp
*maturity” of polyolefins has been much exaggerated
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Global Polyolefins Industry  Situafion

As In all large commodity markets, itis
fmm sim pIE manufanturing of undiffere
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Global Polyolefins Industry  Situation
Responding to these financial challenggs, the PE participants have

consolidated to a more concentrated la

dscape...
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Global Polyolefins Industry  Situation
...and the observed pattern is similar for PP

Glgbal FE Industry §

;

R e A

Capaclly (KT)
d
-

i

.':H"'_dl'ﬂ 0 E ]

B
H
i

BR800 e SR

Soume CRAAMALYZSD

;
s
E

Giobal Polyolefing Indostry  DEamma
In PE and PP, consclidation has not been syfficient to deliver results and

participants are still searching for ways to drive towards both high growth
and returns
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Global Polvolefing Industry  Value-Creation Modal

In our framework for driving value-creat

on in the polyolefins business, we

believe strength is necessary in three “pgillars” to make satisfactory returns

Valoe Creation Pillars
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Global Polyolefins Industry  Pillars of Comgpetitivenk=ss

Our “Pillar Model"” is used as a basis to)
and Competitiveness in the olefins/poly
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Global Polyolefins Industry  "Winess® (Owvenview)

Leading players are strong across several
participants have different "“natural” stren
don’t have an “Achilles Heel"

these value-creation pillars;
and need to make sure thay

S T ‘Relative Valie Lever Positioning of Key Players 1

Global Polyolellns Industry  "Winness"

“Big Oil/Resource Owners” succeed in pol
in the largest component of the cost structu
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Glabal Polyolefins Indostry  “Winnors®

“Market Players” succeed in po!yuleﬁn; through competitiveness in
commeodity products to achieve scale, along with a strong participation in
specialty/premium products
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Global Polyolafins Industry  “Winners™

“Technology-Oriented players” add value|through developing next-generation
technologies and leveraging them for thelr owners and third parties

‘Relative Valis Lever Po

ait oning 'of Key Phay

i

|

|

= The sgsnamies of T basinees and e “slopieg [~
PR SO e RS ng

= Calsrimg b 18w Sheares =sscy =f balh B
wirsen Gaal wied ol wew e Bhing § wan

B Copaniin Bivis Assocarss




A.G. De Vries
President R&D
Basell Polyolefins

Education:

Chemical Engineering graduate
from Delit Technical University
(Netherlands).

Additional information:

Anton De Vries started his career
in 1977 with Shell Chemicals in
the Netherlands.

After several assignments in
different chemical areas of Shell

and working in several european

countries in 1991 he became
responsible for Shell's new
petrochemical complex in
Germany and the start up of the
polyproylene plant near Cologne.

Wiih the formation of Montell in
1995 he transferred from Shell to
Montell and after an

assignment in the strategy aroup
in the Netherlands moved to
Ferrara, italy and

became in 1998 Director of the
R&D Center and responsible for
Montell's Research &
Development activities in Europe.

* With the formation of Basell. in

2000 he took on global
responsibilty for all product and
application development

In 2002 Anton De Vries was
appointed President of Basell
R&D.

In this function he is also a
member of the Basell
Management and involved in
several corporate projects
including some strategic activities

at board level.




Anton de Vries
President, Basell Research & Development
The Technological Ghallenge Continues

Celebration
13 June 2003

Giulio Natta
Ferrara, Italy -

Abstract

We can truly confirm that the research work initiated in 1954 by
Professor Giulio Natta, with the first $ynthesis of isotactic polypropylene,
has given results unimaginable at his time. We are sure that Prof. Natta
would be proud to see how his successors in Ferrara and in other parts
of the world are continuing his tradition of creativity and talent in our
research cenire dedicated fo his memory and many others centres
around the globe.

The latest result of this development work has been the announcement
of a newly developed polymerisatioh technology, Spherizone, which is
going to become the new wprld-wide industry standard for
polypropylene production.

Spherizone enlarges the applicatipn field of polypropylene resins,

creating new product families. Th
revolutionary polymerisation syste

is made possible using a new
which is the core of the new

technology, the Multi-Zone Circulating Reactor (MZCR), together with

the recently introduced Ziegler-Na

catalyst of 5" generation, Avant

ZN Diethers and Succinates, yet arjother development from our R&D
centre.

The Spherizone technology and these new Avanf ZN catalyst systems
are only the most recent results |of Professor Natta heritage; our
continuous challenge remains to push the application of polypropylene -
beyond where it is foday and moving the scientific limits. It is this
attitude and the passion with which it is done that has brought Basell
where it is today: the world leading company in polyolefins.




The Technological Challenge Continues

Slide 1

Good afternoon. | am honoured to haye the privilege of concluding this

session of the celebration day for
Natta birth.
Today we have learned about how

tihe centenary of Professor Giulio

rmuch of Professor Natta scientific

heritage is still lively and puisating in the heart of Basell researchers.

But for all of us, the best and most iportant gift of Professor Natta is
not even the special catalytic system/| which is named after him, or the

isotactic polypropylene.
For all Basell researchers, the best

pift is his attitude to continuously

challenge the limits of the scientific krjowledge, which has brought us to
be always the world leading company in polyolefin technologies,

catalysts and products.

Slide 2

When we talk about technical leadership in polypropylene, everybody's

mind goes immediately to Ziegler-N

a catalysis and then to Spheripol

technology, the world leading polypropylene technology.

First introduced in the early 80's,

thanks to the work of Ferrara

researchers, nowadays Spheripol is gresent all over the world with more

than 80 operating plants and about
business.

Since its introduction, Spheripol
polymerisation technologies; after m
still considered the best technolog
polypropylene resins of all types.

Slide 3

50 percent of the world licensing

Wwas considered a milestone in

bre than twenty years Spheripol is

y in the world for manufacturing

The technological challenge for Ba

Il researchers was then: how can

we go beyond Spheripol? How can \e create a new benchmark? How
can we further exploit the use ofl the newly introduced Avant ZN

catalytic systems, Diethers and Su
As a result of intense studies,
Spherizone, the new polypropylene

nates?

Basell has introduced last year

polymerisation technology for the

next decades. The first Spherizone plant came on stream last August in

Brindisi, the same site where the firsj

Spheripol plant was also realised




The official launch of Spherizone was in
other than Ferrara could be chosen fort

Slide 4

When you consider the process flow

October last year and no place
nis announcement.

chart, it is hard to think about

something simpler than Spheripol procgss, where many process steps
present in previous technologies, like catalyst removal, washing,

cenirifuging, solvent recovery, eic.,

succeeded. The new Spherizone tec
efficient than any other previously existi

technology, including Spheripol.

Slide 5

ere totally eliminated. But we
hnology is simpler and more
ng polypropylene polymerisation

Spherizone technology takes advantage of the controlied morphology

catalysts developed by Basell and wutili

virtually eliminates the unhomogeneity
stage processes.

The result is a process that is energy
and environmentally sound. Last, but

possible polypropylene resins.
Slide 6

The core of the new Spherizone techn
Circulating Reactor (MZCR); its princip
the slide.

In the MZCR, the growing polymeric

circulating between two interconnec

downcomer (or downer). Each zone
regime. By means of a fluid barrie

of the particle oscillation through the

5ing a unique reaction scheme,
of the particles, typical of multi-

efficient, cost competitive, safe

rl_l.:t least, Spherizone provides a
unique combination of product prope

ies and a wider spectrum of

logy is the so-called Multi-Zone
is illustrated on the left side of

granules are kept continuously
ed zones, the riser and the
has a different fluid dynamics

r they can have different gas

o environments facilitates .the

compositions, generating different maF'ials. The increased frequency

production of uniform, intimately homogenised polymers with expanded

properties.

The properties expansion versus prex
well illustrated in the spider diagram
Properties like maximum rigidity, i
resistance and melt strength, just to
enhanced, combining the Spherizone
catalysis.

lously available technologies is
on the right side of the slide.
mpact/stiffness balance, creep
mention a few, can be greatly
technology with the Avant ZN




Slide 7

The new Spherizone technology
polypropylene resin market into non:

will allow expansion of the
Hraditional market segments, even

though this technology can also be u
products for traditional market appl
film, fibre or consumer goods.

This slide visualises the polypropyle

ed to facilitate the improvement of
tions, such as BOPP and CPP

ne range actual expansion, which

can be realised with the Spherizong technology; new product families,

as well as full exploitation of resin
available technologies such as
opportunities for polypropylene proddu

Slide 8

families envisaged on previously
Adstifs, will open new market
Cers.

For example, durable goods have bheen so far influenced to a limited
extent by polypropyiene, being prefe[red the use of traditional materials

as well as other thermoplastics.

The combination of the unique way of polymerising of Spherizone,
together with the newly introduced family of Avant ZN catalysts called
Succinates has generated resins With unparalleled performances in
terms of processability, creep resisfance, temperature resistance and

durability.
Spherizone technology makes poj

ypropylene well suited for non-

traditional polypropylene markets, such as pipes, profiles and goods for

industrial uses.

Slide 9

In a well-established polypropylen
synergism of Spherizone technol

market, like food packaging, the
and another recently introduced

Avant ZN catalytic family, Diethers,

has generated new resins having

improved inertness, better transparency, higher toughness, higher

performances beyond those avanie before. Higher purity and

fluidity at equivalent mechanical p

rformances are just a few of the

advantages offered by this new prodlct generation.

Slide 10

In another important industry for gl

astics, automotive, the advent of

systems will bring significant advantages both to converiers and car

Spherizone and its combination iﬁh the new Avant ZN catalytic

manufacturers, allowing them to fu
use in a single model car.

er reduce the number of resins in




Thanks to the applicability of Spherizofie resins in a wider set of car
parts, cars will result lighter and easier tp recycle, contributing to energy
saving programs.

Slide 11

Concluding my speech, | want to thank you all for having accepted so
numerous our invitation to Professor Gjulio Natta celebration day and
for your kind attention during all this day. It was a privilege for me to
present the most recent evolution of the pioneering work of Professor
Natta to this audience and | would like t9 conclude saying:

Thank You, Professor Natta, from all of us.
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Basell Spheripel Tedhnology:

the PP process for last fwo decades
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The new Basell PP Technolegy:

Spherizone

The impossible challenge: further simplify Spheripol

CATALYST
COMTONENTS

SOTOOGEN
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Spheripel Process
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i Spherizone Technology: the polypropylene new standard

STATE-OF-THE-ART PROCESS: BASED

MONOMER &
HYDROGEM  CATALYST

=
=

Spherizone Process

HIGH YIELD,
HIGH SELECTIVITY , MORPHOLOGY

dvantages:

* EXPANRED FRODUCT CAPABILITIES

* TMPROYED PRODUCT PROPERTIES
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‘ Spherizone Technology: the bafic characteristics

| Product Property Balance
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I Basell Polypropylene Technology Rortfolio

' The material properties challengej durable goods

The combination of Spherizone technology and
Avant TN Suecinate catalysts allows the introdection of
new resins having unpreceded characteristics:

- Improved preep resistance

= Higher meit strength

= Enhanced processability




The material properties challen
packaging

ge: novel resins for food

The combination of Spherizere technology and

Avant ZN Diether catalysts generates new
polypropylene products, having:

« Better intrinsic purity and ineriness
« High clarity and tonphness
« lower weight at equivalent mechanical

performances —+ better packaging
effectiveness

The material properties challenge: wider applicability

In automaotive industry, Spherfzone technolog

and Avant ZN new catalvsts permit to cover

wider range of product requirements, allowin

» Raw material rationalisation
» Further weight reduction

= Easier recyclability

el

B

Dbasel




In conclusion:

Thanks to the Spherizone technology and to the newly developed
Ziegler-Natta catalysts, Diether and Sugcinates, the technological
challenge for polypropylene properties pxpansion will continue also
in next decades; these are the most recent results of Professor Giulio

Natta heritage.

Thank You
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