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INTRODUCTION

Polyolefins are produced using (1) conventional catalysts - Ziegler, Ziegler-Natta, or chrome on
silica, (2) more recently developed metallocene or other single-site catalysts, or (3) peroxide
initiators in the case of LDPE. The catalyst represents the heart of any reactor system and can
significantly change the competitiveness of a process technology. Many licensors have worked
in collaboration with others to produce catalyst for process technologies of others as well as
their own. In order to ensure a higher likelihood of success some “after-market’ catalyst
suppliers have entered into joint development agreements to integrate the new catalyst into the
process.

There was a time when the catalyst sales were strictly the province of the technology licensor.
That time, however, is past. More and more the technology licensor is under pressure to
demonstrate that they deserve to keep the business begun at the time of the start-up of the
plant. Because of the value the catalyst sale has brought to the original licensor other parties
have been vying for that business. Third party producers have produced offerings they feel are
incumbents to the licensor’s catalyst. Not having the process technology it is a difficult sell for
these suppliers; however that will change as they gain in successes. The increased sales
generated by catalysts have also prompted many licensors to reconsider their approach to
catalysts as an additional product offering. Metallocene catalyst is only now beginning to grow
beyond the usage of the technology developers. Metallocene-based resins were initially
positioned as specialties and have slowly transitioned into differentiated commodities. As such,
the technology which was held by a privileged few is becoming more widespread via licensing
and cross-licensing catalyst agreements.

A NEW MULTICLIENT STUDY

Chemical Market Resources, Inc., with our extensive experience in (1) worldwide polyolefins
catalysts markets and technologies, (2) catalysts & polyolefin suppliers, and (3) global value
chain analysis, is undertaking a comprehensive global strategic business/technical analysis that
reports on this fast-changing arena. Our in-depth examination and methodology are designed
to assist companies in monitoring the rapid developments, analyzing the trends and capitalizing
on the many opportunities in these changing markets and technologies.

The report will benefit: (1) catalysts market participants, (2) polyolefins & elastomers producers,
(3) technology licensors, (4) investment banks & equity research analysts, (5) other polyolefin
industry participants. Technology, market managers and strategy planning managers attempting
to form a market participation strategy in these global evolving markets will immensely benefit
from this study.

@ Chemical Market Resources, Inc.
% Tel: (281) 333-3313 Fax: (281) 557-3310
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OBJECTIVES

@

<]

Define the worldwide distribution system of polyolefin

catalysts

Assess the global catalyst technology status — Conventional ZN and Metallocenes
Present the latest cost issues for polyolefin catalysts — manufacturing,
distribution, intellectual property —who makes the money?

Provide an accurate assessment of the future of polyethylene and polypropylenes
globally and relate them to the need for innovative catalysts

Assist flexible polyolefin producers, catalyst developers/suppliers and end users
with an assessment of the current and future impacts on their operations,
possible product substitution strategic options

Assist licensors, engineering companies, retrofitters in assessing the right
strategy in selecting the optimum catalysts

KEY ISSUES TO BE ADDRESSED

<

@

<

The worldwide polyolefin market/technology status by type of polyolefin and type
of catalyst and region and concerns of: (1) end users, (2) producers and (3)
licensors and (4) technology developers

Strategic analysis of Metallocenes vs. Conventional ZN systems without the hype
Future commoditizing of catalysts to speed up the move to environmentally
friendly polyolefins globally

High Throughput Experimentation — Cost/benefit analysis

TIMING & SUBSCRIPTION INFORMATION

An order form is included as the last page of this prospectus. The report is available for
immediate delivery. The price per report will be $17,000. Additional copies will be available for
$500 each. An interactive CD version with unlimited access is available for an additional
$5,000.

APPROACH

The information, data and conclusions of this analysis will be developed from sources in North
America, Western Europe and China, Asia and Japan and are based upon, but not limited to,
the following methods:

@

Search, review and interpretation of information from government sources, trade
and industry groups, public interest groups, government agencies, published
articles and product promotional information

Information from private experts and CMR proprietary projects (over 20 of them
related to these topics in the last two years)

Interviews with leading polyolefin producers, catalyst suppliers, equipment
manufacturers, licensors and end users

The major technology suppliers and ENC organizations

The systematic approach to market quantification, assessment and opportunity
analysis by end use and region




PROJECT MANAGEMENT

As usual, this report will be a result of diligent efforts of our lead team members and a
shining example of our dedication to quality and thoroughness.

Dr. BALAJI B. SINGH —President, obtained his Ph.D. in Chemical Engineering
from Texas A&M University and an MBA in Marketing Research and Strategic Planning
from the Ohio State University. Balaji is a registered professional engineer in the states
of Texas and Ohio. He worked at Ashland Chemical Company in Columbus, OH in their
New Ventures Group to develop the propylene route to MAA/MMA and evaluated both
technical and commercial aspects of MMA/PMMA markets over the last 20 years. He
worked as a Vice President at an established consulting company prior to founding the
Chemical Market Resources Inc. His key area of expertise is in opportunity evaluation
and competitive assessment for technology added products in petrochemicals and
plastics. Balaji has successfully completed over 800 proprietary studies in high
technology specialty products in various end use industry sectors for clients in the U.S.,
Europe, Japan, and South America. .

@ Chemical Market Resources, Inc.
% Tel: (281) 557-3320 Fax: (281) 557 - 3310



Global Polyolefin Catalysts 2008-2012
Table of contents

Demand for Z/N PP Catalysts .........ccceeeriiieriiiieninieee 1-35
CHAPTER 1: EXECUTIVE SUMMARY Key Product Attributes and End-Use Markets............... 1-36
INtrodUCHION ..o 1-1 INAUSHTY SHUCKUIE wevvvvveeoeeeeeeeeeoeoeeeeeeoeoeeeeeeo 1-39
Chapter 3: Overview of Polyolefin Catalyst MarketS...............occcveeeeeee 1-2 Major SUPPHETS. ....coiiiiiiiee e 1-39
History and Development of Polyolefin Catalysts........... 1-2 Chapter 8: Metallocene Catalysts ...........ccceveeiiiiieiiiiiiee e 1-39
Classification of PO Catalyst Markets ... 1-3 OVBIVIEW...es oo 1-39
Industry Structure ..o 1-3 Demand for Metallocene Catalysts .................oooooo. 1-41
Major Demand DriVers ............cccceviiiiiiiiiicicie, 1-7 Key Product Attributes and End-Use Markes.............. 1-41
Global Demand for Polyolefin Catalysts.............uee 18 Intellectual Property (IP) iSSUES......ccceeevveeeeiiiiiiieeeeenn. 1-46
Suppliers of Polyolefin Catalysts...............cccowwrrssriee 1-17 Chapter 9: Strategic Analysis and Conclusions............cccccceevieeerieennne 1-47
Chapter 4: Catalyst Technologies............ccccooveiniiiiiiiic 1-17 PO End-Use Attractiveness & Catalyst Development...1-47
Overview of Polyolefin Catalysts.......c.cccceevreiieriieene 1-17 Competitive Assessment of catalyst SUppliers.............. 1-51
Key Catalyst Attributes ..........cocoviieiiiieic e 1-18 Assessment of Metallocene Catalyst Development
Conventional Catalysts vs. Metallocenes...................... 1-19  Efforts e 1-60
Metallocenes VS. SSCS ......cceveiieiiiiieiiieeee e 1-19 Porter’s five forces in Catalyst Industry ..........cccceeieenne 1-60
Significance of Donors and Co-Catalysts............c..c..... 1-20 Strategic OPONS........cccocviiiiic e 1-61
Catalyst — Product Relationship ..........ccccccvviiiineiiiiennn. 1-21 Concluding Remarks ........ccovieeeeiriiieeeiee e 1-63
Chapter 5: Chromium Catalysts for Polyethylene (PE).........c.cccceu..... 1-22
OVEIVIEW....c.eieiee ettt 1-22  CHAPTER 2: INTRODUCTION
Demand for Chromium Catalysts...........cccceevriieeernnen. 1-22  BacKkgroUnd ... 2-1
Key Product Attributes and End-Use Markets............... 1-25  ODJECHVES oo 2-3
Industry StruCtUre .......cooveeeiieee e 1-25  CMR Research Methodology .........coccueiiiiiiiiiiiiieeeeee e 2-4
Major SUPPHIETS ...ccoeeeieiiee e 1-25  Abbreviations Used in this STUdy .........ccceriiiiiiiiiiii e 2-4
Chapter 6: Ziegler-Natta Catalysts for Polyethylene (PE) ................... 1-25  Polyolefins Terminology .........ccocvieiiiiiiieeiee e 2-4
OVEIVIEBW...ccieiiie ettt enaee s 1-25 A Message from the AUThOrS........coooi e 2-7
Demand for Z/N PE Catalysts .........ccccevvieeeeiiiieeeee, 1-27
Key Product Attributes and End-Use Markets............... 1-33 CHAPTER 3: POLYOLEFIN CATALYST MARKETS
Industry Structure ... 1-33  Overview of Polyolefin Catalysts..........cccviiieiiiiiiiee e 3-1
Major SUPPHETS ....ceceeeeeieeeee et 1-35 INAUSEIY STIUCIUIE ... 3-2
Chapter 7: Ziegler-Natta Catalysts for Polypropylene (PP)................. 1-35 POIYOIETINS ..o 3-2

OVEIVIEW. ...t 1-35 Polyolefin Catalysts ..........ccoceiiiiiiiiiiii e 3-4




Global Polyolefin Catalysts 2008-2012
Table of contents

Classification of Polyolefin Catalyst Markets ..........cccccooiiiiiiiiiiiniens 3-7
Polyethylene CatalystS...........ccoccviiiieeeee e 3-7
Polypropylene Catalysts.........cocovrieriiieenieeeniee e, 3-9

Overview of Polyolefin Catalyst Demand............cccccviveeveeiiiicciiieeeeeeen, 3-9
By Catalyst TYPE ..eoeieeeeeeeeee e 3-9
By Process Technology.........ocoeeeiiiieiiiiiieec e 3-17
BY REQION ... 3-23

Major Demand DIVEIS .......oocuiiiiiiiiieeeee et 3-29

Influence of Regional Resin Preferences on Catalyst Markets............ 3-31

Influence of Metallocenes on Conventional Catalyst Markets.............. 3-31

Major Producers of Polyolefin Catalysts .........cccocveieiiiiinenieeieeeeee 3-32
Polypropylene Catalysts.........c.cocveiieeiieeiiiieiieeiee 3-34
Polyethylene Catalysts..........cccccuveieeeeeiiiiiiiieee e 3-36
Metallocene Catalysts & Components ...........ccccceueenee. 3-39

Met/Unmet Needs of Polyolefin Catalysts.........cccccooveiiieeiiiieeeee, 3-40

SUMMAETY ettt st ae e et e e sareeenee s 3-41

CHAPTER 4: CATALYST TECHNOLOGIES

History and Development of Polyolefin Catalysts ...........c.ccccoveiiiiennnn 4-1
Conventional Catalysts for Polyethylene ...........cccoioieiiiiiiieiiiieeees 4-3
Chromium Catalysts........ccccoiieeriiieieeeeeeee e 4-3
Ziegler/Natta Catalysts .......cccoooeeriiiiiireie e, 4-8
Conventional Catalysts for Polypropylene ..........cccceeeiiciiiiiniieeeniees 4-8
1st Generation Catalysts........ccccoeviiiieeiiiieie e, 4-10
2nd Generation Catalysts...........cccvevieeiiiiniie e 4-10
3rd Generation Catalysts.......cccccceeevicviiiiieree e, 4-10
4th Generation Catalysts.........ccoceeiiiiiiiiiiiiieeeeiee 4-11
5th Generation Catalysts........cccoceeiiiiiieiiiiieeeen 4-12
Metallocenes and Single Site Catalysts..........cccoceeieiiiiiiiiiiiee e 4-14
History and Development..........cccooveeiiiiiee e, 4-14
Metallocenes Vs. SSCS ....ccceveiieeiiiie e 4-16

Polymerization using Metallocenes & SSC................... 4-17
Metallocene Catalyst Pre-Cursors.........cccooceeeeeviieeennns 4-26
Expanding the Product Property Envelope.................... 4-28
Post-Metallocene Catalysts..........occueiiiiiiiiiiie e 4-30
Catalyst — Product Relationship ..........ccceeiiiiiiieieeeeee e 4-35
HDPE..... ..ot 4-35
LLDPE ...t 4-36
PP e 4-36
Significance of Catalyst Components .........ccccceevieeiiieenee e 4-38
DONOIS .. 4-38
Co-Catalysts/Activators ..........ccceeieeerieeeneeecee e 4-40
SUPPOIMS .t 4-41

CHAPTER 5: CHROMIUM CATALYSTS

INTFOAUCTION e 5-1
History and Development of Chromium Catalysts for PE ...................... 5-1
Chrome — on — Silica vs. Ziegler/Natta Catalysts...........ccccooovirieiiniens 5-2
{1 Toz= RS 10T o] o] o -SSR 5-3
Relationship between Catalyst, Process and Resin ..........cccccceeeiieenee. 5-7
INAUSEIY SEUCKUIE ... 5-8
Global Demand for Chromium Catalysts..........ccccoverieiiiiiiniie e 5-8
BY PrOCESS ...coiiiiiiiieee e 5-8
BY REGION ... 5-8
Demand Drivers for Chromium Catalysts .........ccccoovveiiiiieeiiiiiee e, 5-13
Regional Demand for Chromium Catalysts.........cccocoeiiiiiiiiniiinieens 5-13
Catalysts Demand by End-Use Segment .........cccccovvieeeiiiieeeeiiieeeeens 5-17
Blow MOIdING ......eveeiiiiiiieciee e 5-17
Pipes & CoNdUItS.........cccvvieeeiee e 5-17
BIOWN FilMS <. 5-17
Thermoforming ... 5-19

Catalyst Enablers in Key HDPE End-Use Markets ..........ccccceiiiieennnns 5-19




Global Polyolefin Catalysts 2008-2012
Table of contents

Blow MOIdiNG .....cceiiiiiiiiiiiiee e 5-19
Pipes & CoNAUILS........cceeveieeiiiiieieeee e 5-19
L0 =T €TSS 5-20
Major Suppliers and Product POrtfolio ...........coevcviieeeieeeiiiiiiieeeee e 5-20
Comparison of Commercial Chromium Catalysts..........ccccccoveriereneen. 5-26
Comparative Assessment of SUPPLIEIS .......occeveeiviiiee i 5-29
Met/UNmet NEEAS .......c.uviieeiiiiie et 5-29
OVverview Of PrCING ..ocooeiiiiieiee e 5-29

CHAPTER 6: ZIEGLER-NATTA PE CATALYSTS

INtrOAUCHION <o 6-1
History and Development of Z/N Catalysts for PE............ccccooiieiiinennee. 6-1
Ziegler/Natta Catalysts vs. Chrome —on — Silica........c..ccccveeviiieeennnee 6-2
Z/N Catalysts vs. MetalloCenes...........cccoeieiiiiiiiiiieiie e 6-4
Relationship between Catalyst, Process and Resin ..........ccccccveveeeeinees 6-6
Industry Structure of Z/N PE Catalysts .........cccoeiniiniiinieciiiinieeeiens 6-8
Demand Drivers for Z/N PE Catalysts .........ccccociiiiiiiiieniee e 6-8
Global Demand for Z/N PE Catalysts .........ccccceeroereiienieieee e 6-13
BY ProCess ......cveviiiiiii e 6-13
By Product..........cooiiiiiii e 6-13
BY REQION ..o 6-21
By End-Use Segment.........cccooviiiieneiiieiienee e 6-21
Z/N Catalyst Enablers in Key HDPE End-Use Markets..............c.c...... 6-32
Injection Molding ........ccooieiiiiiiiiee e 6-32
FIlM e 6-32
Z/N Catalyst Enablers in Key LLDPE Film Markets.........ccccccoviieeeennns 6-32
Food Packaging .......ccoeeviieeeiiiiieee e 6-32
Industrial Films .......ccoiiii e 6-35
Agricultural FilmS ... 6-35
Retail BagS .....ovveeeeiiiiee e 6-35

Major Suppliers and Product Portfolio ............cccoeeeieeiiiriiieice e 6-36

Comparison of Commercial Z/N Catalysts........ccoceviiiiiieiiiieeiieee 6-47
Comparative Assessment of SUPPlIErs .......cccceveeeeeiicciiieeee e, 6-47
Met/UNmet NEEAS .......cocueiieeeiiie e 6-51
OVErview Of PriCING ....ooiiiiiiii e 6-53

CHAPTER 7: ZIEGLER-NATTA PP CATALYSTS

INtrOAUCHION . e e 7-1
History and Development of Z/N Catalysts for PP .........ccccocociiiiinienns 7-1
Ziegler/Natta Catalysts vs. Metallocenes for PP.........cccccoviieiiiiiiennnns 7-4
Process-Catalyst Relationship ..........cccoiiiiiiiiiiiiieee e 7-5
Industry Structure of Z/N PP Catalysts ........ccccccoviiiiiiiiiiiiiiiiee e 7-7
Demand Drivers for Z/N PP Catalysts........cccocvevieriiiiiree e 7-10
Global Demand for Z/N based Catalysts .........ccccoceeiiiiiiiiiiieciiee 7-12
BY PrOCESS ..ooiiiiiiiieeee e 7-12
By RESIN TYPE ..o 7-12
BY REQION ..o 7-15
By End-Use Segment........cccoeiiiiiiiiiniienieee e 7-20
Matching Catalysts with Resin Requirements..........ccccoooveiineneeennenn. 7-24
Catalyst Enablers in Key PP End-Use Markets ...........ccccoceevieiinieennn. 7-26
AUIOMOLIVE.....eieiei e 7-26
APPHANCES ... 7-26
CoNSUMEr GOOS .....ccoveierrieeiee e 7-29
Caps & ClOSUIES.......ceeiieiiieieiee et 7-29
Thin-Walled .......ccoooiiiiie e 7-29
BOPP FilMS ...ttt 7-30
Spunbonded/Meltblown Fibers.........cccccovvveveiiiicciinnne. 7-30
End-Use Driven Catalyst Selection..........cccoieiiiiiinii e, 7-31
Major Suppliers and Product Portfolio...........cccevveriieeiniieiiieeiieeee 7-31
Comparison of Commercial Z/N PP Catalysts........cccccceevveiiieeniennne. 7-41
Comparative Assessment of SUPPIIErS ........cooceviiiiiiiie i 7-46
Met/UNMEt NEEAS ..ot 7-48




Global Polyolefin Catalysts 2008-2012
Table of contents

OVerview Of PrICING ..ococueiiiiie ettt 7-48

CHAPTER 8: METALLOCENE CATALYSTS

INTFOAUCTION e 8-1
History and Development of Metallocene Catalysts ..........cccccveveeeinns 8-3
Metallocene Catalysts vs. Conventional Catalysts ...........ccccooeeeenieennee. 8-4
Industry Structure of Metallocene Catalysts ........ccccccoeevciiiieeeieeeeciinns 8-7
Key Attributes of Metallocene Catalysts ..........cccooveiiiciiiieniiiiieees 8-11
Global Capacity for Metallocene-based POSs.........cccccceeeeviciiiiieeeeennnn. 8-15
Demand Drivers for Metallocene Catalysts.........ccccocevieiiiiiiien e 8-15
M-LLDPE ... 8-15
M-HDPE ... 8-15
M-PP e 8-18
PlaStOMErS ....eoeiieieeeeee e 8-18
Elastomers ......c.eeeiiiie e 8-18
Global Demand for Metallocene Catalysts..........cccceeoeenieiiinenceeenenn. 8-18
By Product type ......ccovveiiiiiee e 8-22
By REQION ... 8-22
By ENG-USE ... 8-26
Commercial Metallocene Catalyst Platforms ..........ccccooieiiiinennnnen. 8-28
MaJOr SUPPHEIS ...ttt 8-32
Component Supplier vs. System Supplier .......cccooceeiiiiine i, 8-36
Intellectual Property ISSUES..........evvi i 8-39
CHAPTER 9: STRATEGIC ANALYSIS
INTFOAUCTION e 9-1
Polyolefin Catalyst Market Summary .........cccooooiiiiiiiiiieee e, 9-2
Status of PO Catalyst TEChNOIOGIeS .......c.ceeviiiiiiiiiiiieiceie e 9-8
Met/Unmet needs of Polyolefin Catalysts .........ccccocoeeviiriiiiiiiieniee 9-8
PP Catalysts.......cooviiieiiieeeieeesee e 9-10

PE Catalysts....ccooiiiiiieeeeee e 9-10

Metallocenes/SSCS .....ccoiueiiiiiieiiee et 9-11
Catalyst SUPPOMS ......ooiiiiiieiee e 9-12
PO End-Use Attractiveness & Catalyst Development ............cccccceeee 9-12
V111 oo (o] [0 o 1V 2R 9-12
ANAIYSES ... 9-14
Strategic Assessment of Polyolefin Catalyst Suppliers...........cccceenee. 9-15
Relative Strengths ... 9-19
Market/Technology Positions of Suppliers..................... 9-19
ANAIYSIS .o 9-22
Apparent Strategies & Future Direction ............cc.......... 9-30

Strategic Assesment of the Metallocene Catalyst Development

EfOrS o 9-33
Criteria for Evaluation...........ccccccoviiiiiiiniciee e, 9-34
Key Metallocene Patents...........ccoceviiiieiiniiiiiiiieeees 9-34
Number of Patents .........ccccoviiiiiici e 9-36
Licensing ACHVItY .......cveeeiiiiiie e 9-36
ANAIYSIS .. 9-36
Evaluating the PO Catalyst Industry in Porter's Framework................ 9-45
StrategiC OPHIONS......eeeie e e e 9-49
For Licensors as Catalyst Suppliers.........ccccceereerennenne 9-49
For Third-Party SUPpPliers ........ccceveiieeiiic e 9-49
For Resin ProdUCErsS .........ceeeiiiiiieiiiiiiieeeiieee e 9-50
For New Entrants ........cccooiiiieiiiiiiie e 9-51
Concluding Remarks.........ooeeiiiiiiiieeeee e 9-52

APPENDIX A: OVERVIEW OF POLYOLEFIN MARKETS
APPENDIX B: POLYOLEFIN PRODUCTION TECHNOLOGIES
APPENDIX C: HIGH THROUGHPUT EXPERIMENTATION




Global Polyolefin Catalysts 2008-2012

List of Exhibits
Exhibit 1-28:
CHAPTER 1: EXECUTIVE SUMMARY Exhibit 1-29:
Exhibit 1-1: Polyolefin Catalysts Distribution Chain...........c.cccooviiiiiiiiinieeieee 1-4 Exhibit 1-30
Exhibit 1-2: Industry Structure of Metallocene Catalysts...........cccccoeervieiciennnnne 1-6 Exhibit 1-31:
Exhibit 1-3: Global Demand of PO Catalysts by Product type, 2007.................. 1-9

Exhibit 1-4: Global PO catalyst market (value) by product type, 2007-2012 ....1-10

Exhibit 1-5a: Global PO catalyst market (value) by catalyst type, 2007-2012..1-11
Exhibit 1-5b: Z/N PE Catalysts by Source, 2007 ..........ccooiviiiiiiiieiniieeeniieeee 1-12
Exhibit 1-5¢: Z/N PE Catalysts by Source, 2012 ........cooeiiiiiiiiiiiiiieeeeiieeee 1-13
Exhibit 1-6: Global PP catalyst demand by region, 2007-2012 .............ccccc...e. 1-14
Exhibit 1-7: Global HDPE catalyst demand by region, 2007-2012................... 1-15
Exhibit 1-8: Global LLDPE catalyst demand by region, 2007-2012.................. 1-16

Exhibit 1-9: Global Market for Chromium Catalysts by Technology, 2007 ....... 1-23

Exhibit 1-10:
Exhibit 1-11:
Exhibit 1-12:
Exhibit 1-13:
Exhibit 1-14:
Exhibit 1-15:
Exhibit 1-16:
Exhibit 1-17:
Exhibit 1-18:
Exhibit 1-19
Exhibit 1-20:
Exhibit 1-21:
Exhibit 1-22:
Exhibit 1-23:
Exhibit 1-24:
PP

Exhibit 1-25:
HDPE
Exhibit 1-26:
LLDPE

Exhibit 1-27:

Global Market for Chromium Catalysts by Region, 2007-2012 ...1-24
Industry Structure of Chromium Catalysts.........cccoccvviiiiieeiinnenn. 1-26
Global Market for Z/N Catalysts by Product, 2007-2012.............. 1-28
Global Market for Z/N HDPE Catalysts by Technology, 2007 .....1-29
Global Market for Z/N LLDPE Catalysts by Technology, 2007 ....1-30
Global Market for Z/N HDPE Catalysts by Region, 2007-2012 ...1-31
Global Market for Z/N LLDPE Catalysts by Region, 2007-2012..1-32
Industry Structure of Z/N PE catalysts..........ccoccviviiiiiiieciiieenn. 1-34
Global demand for Z/N PP Catalysts by Technology, 2007 ........ 1-37

: Global Demand for Z/N PP Catalysts by Region, 2007-2012......1-38

Industry Structure of Z/N PP catalysts........c.ccocceviviiiiiiieciiieenn. 1-40
Global Market for Metallocene Catalysts by product, 2007-2012 1-42
Global Market for Metallocene catalysts by region, 2007-2012...1-43

Relative Strength of PO catalyst suppliers (contd..)...............
Market vs Technology Position of PP Catalyst suppliers........

Market vs Technology Position of Chrome Catalyst suppliers ....

Market vs Technology Position of Z/N PE Catalyst suppliers

CHAPTER 3: POLYOLEFIN CATALYST MARKETS

Exhibit 3-1:
Exhibit 3-2:
Exhibit 3-3:
Exhibit 3-4:
Exhibit 3-5:

Exhibit 3-6:
2012

Exhibit 3-7:
2012

Exhibit 3-8a:
Exhibit 3-8b:
Exhibit 3-9a:
Exhibit 3-9b:
Exhibit 3-10:
Exhibit 3-11:
Exhibit 3-12:
Exhibit 3-13:
Exhibit 3-14:
Exhibit 3-15:
Exhibit 3-16:
Exhibit 3-17:
Exhibit 3-18:
Exhibit 3-19:
2012

Polyolefins Value Chain.........ccooeeeeiiiiiieiiie e
Polyolefin Catalysts Distribution Chain ............ccocceeinneenn.
Industry Structure of Metallocene Catalysts ......................
Classification of Polyolefin Catalysts ...........ccccccoevveieennnen.
Global Demand of PO Catalysts by Product type, 2007 ....
Global PO catalyst market (value) by product type, 2007-

Global Market for HDPE catalysts by type, 2007-2012..........
Z/N HDPE catalyst Market by Source, 2007-2012.................
Global Market for LLDPE catalysts by type, 2007-2012 ........
Z/N LLDPE catalyst Market by Source, 2007-2012 ...............
Global PP catalyst demand by process type.........ccccceevueeenne
Global PP catalyst demand by process technology...............
Global HDPE catalyst demand by process type ...........ccc.c....
Global HDPE catalyst demand by process technology..........
Global LLDPE catalyst demand by process type..........c........
Global LLDPE catalyst demand by process technology ........
Global PP catalyst demand by region, 2007-2012.................
Global HDPE catalyst demand by region, 2007-2012............
Global LLDPE catalyst demand by region, 2007-2012..........
Global demand for metallocene based POs by type, 2007-

CHAPTER 4: CATALYST TECHNOLOGIES

Exhibit 4-1:

Activation of Chrome-on-Silica .......c.ccccccevvvvveveiiiiiiiinenen.

..... 1-53




Global Polyolefin Catalysts 2008-2012
List of Exhibits

Exhibit 4-2: Chain transfer in Ethylene polymerization using Chrome-on-
SIlICA e 4-7
Exhibit 4-3: The Cossee Mechanism for the Polymerization of Ethylene............ 4-9

Exhibit 4-4: The Cossee Mechanism for the Polymerization of Propylene........ 4-13
Exhibit 4-5: Ethylene polymerization using a metallocene catalyst .................. 4-18
Exhibit 4-6: Propylene Polymerization showing possible routes of insertion ....4-20
Exhibit 4-7: Stereochemical configurations of Polypropylene...........c.ccccocueen.e. 4-21
Exhibit 4-8: Symmetries of Metallocene Catalysts for Polymerization of

PrOPYIENE e 4-23
Exhibit 4-9: Mechanism of propylene polymerization using a metallocene

(o= Le= 1)Y= PSP PRSPPI 4-24
Exhibit 4-10: Cp-Flu Catalysts featuring various substituents on the Cp ring...4-25
Exhibit 4-11: Representative Metallocene Catalyst Precursors..............cccc...... 4-27
Exhibit 4-12: Structure of Versipol catalystS.........ccccoiuiiiiiiiiiiiieieeee 4-31
Exhibit 4-13: Structure of Di-imine-Based Single Site Catalysts....................... 4-32
Exhibit 4-14: Basic Structure of Mitsui’s FI Catalyst Precursor ............c.ccc....... 4-34
Exhibit 4-15: Internal and External Donors used in PP catalysts..................... 4-39
CHAPTER 5: CHROMIUM CATALYSTS

Exhibit 5-1: Chromium catalysts vs. Ziegler-Natta Catalysts...........cc.cccveverinrnne 5-4
Exhibit 5-2: Influence of supports on Chrome-based HDPE ..............ccccccveeennee 5-6
Exhibit 5-3: Industry Structure of Chromium Catalysts.........cccoceerieiniiiniennnnne 5-9

Exhibit 5-4: Global Market for Chromium Catalysts by process type, 2007......5-10
Exhibit 5-5: Global Market for Chromium Catalysts by Technology, 2007 ....... 5-11
Exhibit 5-6: Global Market for Chromium Catalysts by Region, 2007-2012 .....5-12

Exhibit 5-7: Growth Driver tree analysis for Chromium Catalysts..................... 5-14
Exhibit 5-8: Regional Demand of Chromium Catalysts by Process.................. 5-15
Exhibit 5-9: Regional End-Use focus for Chrome-based HDPE....................... 5-16

E())([Iwizbit 5-10: Global Chromium Catalyst Market by end-use Segment, 2007-

Exhibit 5-11: Grace Davison’s Chromium Catalysts..........cccccvierrieeniiieniennnen. 5-22
Exhibit 5-12: Univation’s Chromium Catalysts ...........ccccoerveeriiiniieniicnieee 5-25
Exhibit 5-13: Multiattribute Analysis-Chromium Catalysts (GasPhase)............ 5-27
Exhibit 5-14: Multiattribute Analysis-Chromium Catalysts (Slurry) .......c........... 5-28

Exhibit 5-15: Comparative Assessment of Chrome Catalyst Suppliers ........... 5-30

CHAPTER 6: ZIEGLER-NATTA PE CATALYSTS

Exhibit 6-1: Ziegler-Natta Catalysts vs. Chromium catalysts ............cccoeecueenen. 6-3
Exhibit 6-2: Z/N Catalysts vs Metallocene Catalysts............ccceeriiereiiiiieeiniieeenn. 6-5
Exhibit 6-3: Industry Structure of Z/N PE catalysts..........ccccoeeiiiiiiiiiciiieeee 6-9
Exhibit 6-4: Growth Driver tree analysis for Z/N HDPE Catalysts..................... 6-11
Exhibit 6-5: Growth Driver tree analysis for Z/N LLDPE Catalysts................... 6-12
Exhibit 6-6a: Global Market for Z/N PE Catalysts by product type, 2007-

2012 e 6-14
Exhibit 6-6b: Z/N PE Catalyst Market by Source, 2007 ........ccccovcvveeiicineeinnnen. 6-15
Exhibit 6-6¢: Z/N PE Catalyst Market by Source, 2012.........ccceoviieeiiiinciien. 6-16
Exhibit 6-7: Regional Distribution of Z/N Catalysts by Product............c.ccccec... 6-17
Exhibit 6-8: Global Market for Z/N HDPE Catalysts by Technology, 2007....... 6-18
Exhibit 6-9: Regional Z/N HDPE Catalysts distribution by process type.......... 6-19

Exhibit 6-10: Regional Z/N HDPE Catalyst distribution by process
technology

Exhibit 6-11: Global Market for Z/N LLDPE Catalysts by Technology, 2007 ... 6-22
Exhibit 6-12: Regional distribution of Z/N LLDPE Catalysts by process type...6-23

Exhibit 6-13: Regional Distribution of Z/N LLDPE Catalysts by Process
Technology

Exhibit 6-14: Global Market for Z/N HDPE Catalysts by Region, 2007-2012...6-25
Exhibit 6-15: Global Market for Z/N LLDPE Catalysts by Region, 2007-2012 . 6-26
Exhibit 6-16: Change in Z/N PE Capacity by Region (2007-2012) .................. 6-27

Exhibit 6-17: Global Z/N HDPE Catalyst Demand by end-use Segment,
2007-2012

Exhibit 6-18: Global Z/N LLDPE Catalyst Demand by end-use Segment........ 6-30
Exhibit 6-19: LLDPE Film Applications by Comonomer..........cc.cccevveiniieneenne 6-31
Exhibit 6-20: Regional Distribution of Z/N HDPE catalyst by Application......... 6-33
Exhibit 6-21: Regional Distribution of Z/N LLDPE catalyst by Application ....... 6-34

Exhibit 6-22: Univation’s Z/N PE Catalysts..........ccccceieiiiiiiieeeeee e, 6-37
Exhibit 6-23: Basell's Z/N PE Catalysts .........cccoiiiiiiiiiiiieiececeec e 6-39
Exhibit 6-24: Grace Davison’s Z/N PE Catalysts ..........ccocceviiiieiiiiieiiiiee e, 6-42

Exhibit 6-25: NOVACAT™ CatalySts ........ceurrrriiereririririsieieieieieiereeeseee e 6-43




Global Polyolefin Catalysts 2008-2012

List of Exhibits
Exhibit 6-26: BASF’s LYNX Z/N PE Catalysts........cccccoiieriiiniiieieeniccneee 6-45 Exhibit 7-23: Summary of Z/N PP Catalyst Suppliers .........ccccevvieniiiiiiinennnns 7-43
Exhibit 6-27: Sinopec’s Z/N PE Catalysts ........coocoviiiiiiiiiiiiee e 6-46 Exhibit 7-24: Market Share of the Major Z/N PP catalyst suppliers ................. 7-44
Exhibit 6-28: Summary of PE Catalyst Suppliers ..........cccevoeriiiiienniienieee, 6-48 Exhibit 7-25: Comparison of Commercially available Z/N PP Catalysts .......... 7-45
Exhibit 6-29: Comparison of Gas-Phase Z/N PE Catalysts...........ccccovercueennnen. 6-49 Exhibit 7-26: Comparative Assessment of Z/N PP Catalyst Suppliers............. 7-47
Exhibit 6-30: Comparison of Z/N PE Catalysts for Bimodal.............cccccoeiieennnne 6-50
Exhibit 6-31: Comparative Assessment of Suppliers.........ccccccveeiiiiiiiieneieniines 6-52 CHAPTER 8: METALLOCENE CATALYSTS

CHAPTER 7: ZIEGLER-NATTA PP CATALYSTS

Exhibit 7-1: Five Generations of Z/N Catalysts for Polypropylene...................... 7-3
Exhibit 7-2: Z/N Catalysts vs Metallocene Catalysts for PP ..........ccccocveviiniinnne 7-6
Exhibit 7-3: Relationship between internal donor and Resin type ...................... 7-8
Exhibit 7-4: Industry Structure of Z/N PP catalysts.........cccccoiviiiiiiiieiiec 7-9
Exhibit 7-5: Growth Driver Tree for Z/N-based PP Catalysts .........cc.ccccevueenen. 7-11

Exhibit 7-6: Estimated Market for Z/N PP Catalysts by process type, 2007 .....7-13
Exhibit 7-7: Global demand for Z/N PP Catalysts by Technology, 2007-2012 .7-14
Exhibit 7-8: Global demand for Z/N PP Catalysts by resin type, 2007-2012....7-16
Exhibit 7-9: Global Demand for Z/N PP Catalysts by Region, 2007-2012........ 7-17

Exhibit 7-10: Regional Demand of Z/N PP Catalysts by Process..................... 7-18
Exhibit 7-11: Regional Demand of Z/N PP Catalysts by resin type.................. 7-19
Exhibit 7-12: Global Z/N PP Catalyst Demand by end-use Segment, 2007-

2 1P P PSP PPPPPRURPPPPPRPIOE 7-21
Exhibit 7-13: Regional End-Use focus for Z/N-based PP ..........ccccccviiieniennnnee. 7-23
Exhibit 7-14: Resin Requirements affecting Different Levels in the PP value

ChaiN s 7-25

Exhibit 7-15: Key resin requirements and catalyst enablers in PP

APPHCALIONS e 7-27
Exhibit 7-16: Key resin requirements and catalyst enablers in PP

APPlICALIONS e s 7-28
Exhibit 7-17: Basell’s Z/N PP Catalysts.........cccccoviieiiiiiiienieeee e 7-33
Exhibit 7-18: Dow’s Z/N PP Catalysts ........ccceeiiiiiiiiiiieeeriiee et 7-35
Exhibit 7-19: BASF’s Z/N PP Catalysts ........ccccciiiieiiiiiiieieesice e 7-37
Exhibit 7-20: Toho's Z/N PP Catalysts ..........cccceviieiiiiiieiieeeee e 7-38
Exhibit 7-21: Sinopec’s Z/N PP Catalysts ........coccooiiiiiiiiiiiiieiie e 7-40

Exhibit 7-22: Mitsui’'s Z/N PP Catalysts ..........cccoviiiiiiiiieieee e 7-42

Exhibit 8-1: Metallocene Catalysts vs. Conventional Catalysts (Rheology) ....... 8-8

Exhibit 8-2: Metallocene Catalysts vs. Conventional PP Catalysts.................... 8-9
Exhibit 8-3: Industry Structure of Metallocene Catalysts..........cccocvveriiiiiinnnen. 8-10
Exhibit 8-4: Global Capacity of Metallocene based POs by type, 2007 ........... 8-16
Exhibit 8-5: Growth Drivers for m-LLDPE ..........c.coooiiiiiiii e 8-17
Exhibit 8-6: Growth Drivers for M-PP ... 8-19
Exhibit 8-7: Growth Drivers for m-Elastomers..........cccoococeiviieiniee e 8-20
Exhibit 8-8: Growth Drivers for m-Plastomers..........cccccoveiiiiiiieiiic e 8-21

Exhibit 8-9: Global Market for Metallocene Catalysts by product, 2007-2012.. 8-23
Exhibit 8-10: Global Market for Metallocene catalysts by region, 2007-2012 .. 8-24
Exhibit 8-11: Global Market for m-LLDPE Catalysts by region, 2007-2012 ..... 8-25
Exhibit 8-12: Global Demand for m-LLDPE Catalysts by application, 2007..... 8-26
Exhibit 8-13: Metallocene Catalyst and Component Suppliers............cccceceennee 8-33

Exhibit 8-14: Comparative Assessment of Suppliers (Licensors/PO
producers)

Exhibit 8-15: Comparative Assessment of Suppliers (Third Party) .................. 8-38

CHAPTER 9: STRATEGIC ANALYSIS

Exhibit 9-1: Global Demand of PO Catalysts by Product type, 2007 ................. 9-3
Exhibit 9-2: Global PO catalyst market (value) by product type, 2007-2012...... 9-4
Exhibit 9-3: Global PO catalyst market (value) by catalyst type, 2007-2012......9-5
Exhibit 9-4: Status of PO Catalyst Technology .........ccccceviueerierriieniee e 9-9
E)thibit 9-5: Market Attractiveness vs Opportunity Index for target End-Use,

............................................................................................... -16
Exhibit 9-6: Market Attractiveness vs Opportunity Index for target End-Use,
HD P E e -17
Exhibit 9-7: Market Attractiveness vs Opportunity Index for target End-Use,
LD P E e bbb ae e e -18




Global Polyolefin Catalysts 2008-2012

Exhibit 9-8: Relative Strengths of PO Catalyst Suppliers.................
Exhibit 9-9: Relative Strengths of PO Catalyst Suppliers.................

Exhibit 9-10: Market and Technology ratings of PP Catalyst

ProdUCErS/SUPPIETS .....c.ueiiiiiiiie ittt

Exhibit 9-11: Market vs Technology Position of PP Catalyst

ProdUCErS/SUPPIIEIS ...ttt ee e

Exhibit 9-12: Market and Technology ratings of Chrome Catalyst

ProdUCEIS/SUPPIIEIS .....veiiiiiiee ettt e e e

Exhibit 9-13: Market vs Technology Position of Chrome Catalyst

ProdUCErS/SUPPIETS .....c.uviiiiiiiie ittt

Exhibit 9-14: Market and Technology ratings of Z/N PE Catalyst

ProdUCErS/SUPPIIEIS ...ttt e e

Exhibit 9-15: Market vs Technology Position of Z/N PE Catalyst

ProdUCEIS/SUPPIIEIS ...ttt e e
Exhibit 9-16: Raw and Weighted Scores for Metallocene Precursors
Exhibit 9-17: Raw and Weighted Scores for Cocatalysts .................

List of Exhibits

Exhibit 9-18: Raw and Weighted Scores for Catalyst Support Technology......9-41

Exhibit 9-19: Overall Raw and Weighted Scores...........c.cccceeveenen.
Exhibit 9-20: Overall Normalized Weighted Scores............cccccceenee.

Exhibit 9-21: Analysis of Metallocene Catalyst Technology Efforts




GLOBAL POLYOLEFINS CATALYSTS

Markets, Technologies & Trends
2008-2012

ORDER FORM

Mail order form/payment to: Telephone Inquiries: 281-557-3320
Chemical Market Resources, Inc. Fax Inquiries: 281-557-3310
560 Blossom St., Suite C Wiring Instructions:
Webster, TX 77598 Frost Bank:
Email: CMRInfo@ CMRHouTex.Com ADA No. 113023945

Acct: 78581

The report is available for immediate delivery. Price per report will be $17,000. Additional
copies will be available for $500 each. The CD version of the report is available for an
additional charge of $5,000.

Subscribers agree to treat the contents of this report as confidential, not to be revealed to any

person outside the subscriber organization, and to certify the report will be used solely by the
officers and employees of the subscriber or majority owned subsidiaries (>51%).

Authorized Signature Date
Company Name Name/Designation
Street Address
City State Zip

Telephone/Fax Numbers

If you are ordering extra copies, please include the addresses where the copies are to be
mailed (on an additional piece of paper), if different from your own.

@ Chemical Market Resources, Inc.
% Tel: (281) 333-3313 Fax: (281) 557-3310



ABOUT OUR COMPANY ...

CHEMICAL MARKET RESOURCES, Inc., was founded in 1990 to focus on the areas of marketing
research and strategic planning.  Our global clientele is concentrated within the chemical,
petrochemical, plastics and related industries.

Prior to joining CMR, Inc., our associates held responsible positions in the chemical and allied industries.
Our team of professionals have strong technical backgrounds combined with hands-on business
experience. Compilation of data, strategic analyses, writing and editing are entirely conducted in our
state of the art facilities in-house, to assure quality control at each stage of development. Our strength is
in providing our clients close interaction to maximize effectiveness. We provide in-depth analyses with
actionable statements in a cost-effective and timely fashion.

Our recently completed multiclient studies:

1. Global Metallocenes — Markets, Technologies & Trends, 2006-2011

2.  APP/APAO and SB Copolymers vs. New Generation Polyolefins, Markets, Technologies and
Intermaterial Competition Trends 1995-2000

3. New Generation Polyolefins - A Bimonthly Global Review of Markets, Technologies &
Trends - Ongoing

3. Intermaterial Competition of Flexible PVC, TPEs and EP(D)M Rubbers vs. new Generation
Polyolefins - North America, Europe and Japan - Markets, Technologies and Trends 1996-
2000

4. Chemical Market Resources, Inc., Polyolefins MT&T™ Series - An in-depth benchmark
analysis of significant markets and technologies that will impact the global polyolefin industry
over the next decade on: (1) PP Films, (2) High EVAs, (3) Polyolefin Foams, (4)
Polyurethanes, (5) Metallocenes, (6) Elastomeric Polyolefins — TPOs, Plastomers and
Elastomers, (7) PP Fibers, (8) Acid Copolymers and lonomers, (9) EP(D)M and EPM, (10)
Tie Layer Resins

OTHERS

5. U.S. Markets for Plastic Eyeglass Lenses

6. North American Unsaturated Polyesters - Markets, Technologies & Intermaterial

7. North American Antifreeze Recycling Markets: An Industry Analysis of Markets

8 Consumption Database of Ethylene Glycol and Higher Glycol Markets, U.S., Canada and
Mexico

9. Consumption Database of Propylene Glycol and Higher Glycol Markets, U.S., Canada and
Mexico

10. Consumption Database of Phenol/Acetone Markets - U.S., Canada and Mexico

For fresh and innovative ideas on

Chemicals/Plastics Marketing Research
Reach us at Tel: (281) 557-3320, Fax: (281) 557-3310
Website: www.CMRHouTex.com
Email:CMRInfo@CMRHouTex.Com

@ Chemical Market Resources, Inc.
% Tel: (281) 333-3313 Fax: (281) 557-3310






