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Opening Remark: Even after all these years 
Polyolefins are still quite interestingé 

R 

Polyethylene 

Variables that provide design flexibilityé.. 
 

·Catalyst / Co-Catalyst 

· Monomer / Co-Monomer 

· Polymerization Process 
 

· Additive / Co-Additive Selection 

· Targets for End-Use Application 

gas phase; liquid phase; slurry phase; zn-LLDPE; Zr; CGCT m-LLDPE; m-HDPE, Cr-HDPE; Ti-HDPE 

HMW-HDPE; UHMW-HDPE; plastomers; elastomers; tubular; autoclave; short chains; long chains; 

Elevator Speech:  Even though ñpolyolefinsò have been around for >70 years, and have a relatively simply 

structure, the properties of this diverse material still provides a very nice opportunity for the cost effective 

replacement of other materials, such as wood, metal, glass as well as other types of thermoplastic polymersé 

Polypropylene 

gas phase; slurry phase; bulk phase; zn-PP; m-PP; homopolymer; random copolymer; impact copolymer;  
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*Overall Goal: Keep Molecular Architecture Intact* 

"Fully Formulated Pellets"  

V2 V1 V3 V4 V5 

*  *  * 

*  *  * 
   Reactor     Flash    Deactivate  Drying    Storage 

"Dry Blended Fluff" 

"Base Stabilized Pellets" 

Possible Additive Addition Points  = 

Generalized Polymerization Scenario 
Possible Additive Addition Points 

ñValue Chainò 

Concentrates 

Compounders 
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Focus on Core Competencies 
In order to contribute to new opportunities 

¸ Snapshot of required competencies 

 

 

 

 

 

 

 

 

 

Products Substrates Applications Markets/Industries 

 ̧Antioxidants  

 ̧Light Stabilizers 

 ̧Coloration 

 ̧Flame Retardants 

 ̧Polymer Modifiers 

 ̧Functional Pigments 

 ̧Polyolefins 

 ̧Engineering Plastics 

 ̧PUR 

 ̧PVC 

 ̧Elastomers 

 ̧Styrenics 

 ̧Fiber 

 ̧Thin Films 

 ̧Sheet/Membrane 

 ̧Profile Extrusion 

 ̧I/B Moldings 

 ̧Rotomolding 

 ̧Agriculture 

 ̧Automotive 

 ̧Building / Construction 

 ̧Electrical & Electronics 

 ̧Packaging & CG 

 ̧Textiles & Fibers 
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Innovation in Plastics in North America:  
Substrates & Applications Ą Markets & Industries  

¸ Market & Industry facing approach (Business Units; Market Focus Teams) 

Ą Significant innovation happens regionally in NA with global impact 

Building & Construction 

Membrane

s 

Water Pipe Gas Pipe 

Automotive 

Interior Exterior Under the 

Hood 

Packaging & Consumer Goods 

UV Protection Clarity Visuals Rotomolded 

Textiles & Fibers 

Artificial Turf Carpet Nonwovens 

http://washingtonpennplastic.com/wp-content/uploads/2010/03/BP-Automotive-5.jpg
http://washingtonpennplastic.com/wp-content/uploads/2010/03/BP-Automotive-1.jpg
http://washingtonpennplastic.com/wp-content/uploads/2010/03/BP-Automotive-3.jpg
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Q.  Why Do I Need to Use Stabilizers ? 
 

 ̧A.  Stabilizers Used to Maintain the Polymer's Original 

Strength, Flexibility, Toughness; etc. 
 

 ̧Properties Need to be Maintained to Meet End Use 

Applications that have Performance Targets 
 

 ̧Useful to Split Performance Targets (Economics) 
 

üLow End: Non-Durable Goods 

üMid-Range: Use it for a While 

üHigh End: Durable Goods 

Quick Review:  Letôs Hit the Basics  
Stabilization of Polyolefins 
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Processability, Durability & Aesthetics 
Often a matter of perspectiveé 
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Defining Key Measures 
Elements that constitute a ñGood Productò 

¸ Physical Properties 
ïPolymer Selection 

ïMolecular Weight / Molecular Weight Distribution 
 

¸ Aesthetic Properties 
ïPolymer Selection (clarity; gloss; modulus; etc.) 

ïInitial Color / Color Maintenance over time 
 

¸Melt Processability 
ïSelection of Appropriate Melt Processing Stabilizers 

 

¸ Long Term Thermal Stability 
ïSelection of Appropriate Thermal Stabilizer System 

 

¸Weatherability 
ïSelection of Appropriate UV Stabilizer System 

http://sitemaker.umich.edu/emotio-functional/Featured Objects/da.data/2774043/%5Bimage1%5D/filename
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ROO Å 
  R Å  

+  

ROOH 

RO Å  +  Å OH 

Oxygen 

Cycle II Cycle I 

Energy (UV Light, Heat) 

Catalyst Residues 

Path of Degradation 

R· Alkyl Radical 

RO· Alkoxy Radical 

HO· Hydroxy Radical 

ROO· Peroxy Radical 

ROOH Hydroperoxide 

Polymer Auto-oxidation Cycle 

 Energy; Shear; 

         Melt Processing; 

              Catalyst Residues 

Polymer 

Polymer 

Polymer 
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Effective Temperatures for Stabilizers 
How do each of the components contribute ? 

Hindered Amine 

Hindered Phenol 

Thiosynergist 

 (& Phenol)  

Phosphite 

Hydroxylamine 

alpha-tocopherol (Vitamin E) 

Temperature (ÁC) 

0 50 100 150 200 250 300 

Long Term Thermal Stability 

Long Term Thermal Stability Melt Processing Stability 

Long Term Thermal Stability (No Melt Processing Stability) 

Melt Processing Stability 

(No Melt Processing Stability) 

(No Long Term Thermal Stability) 
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Representative Commercial Phenolic AOôs 
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Phenolic Antioxidants:  Powerful Chemistry 
Scavenge Oxygen Centered Radicals 

e = 34,800 @ 440 nm 

Bis-Quinonemethide 
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Decomposition of Hydroperoxides 
Relative easy Ą significant negative implications 

R-OOH 

R-OÅ  + ÅOH 

R-OÅ  + ÅOH 

R-OÅ  + OH   +  Ti(IV) 
   - 

R-OOÅ  +  H   +  Cu(I)     + 

Heat 

Light 

Ti(III) 

Cu(II) 
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Phosphites Decompose Hydroperoxides 
via Oxidation of Phosphite to Phosphate 

P.P Klemchuk, ñAntioxidantsò in Ullmannôs Encyclopedia of  

Industrial Chemistry, VCH Publishers, Deerfeild Beach, FL, 91 (1985) 

(RO)3 P  +  R'OOH             (RO)3 P=O  +  R'OH 
Phosphite     Phosphate 

   P(III)          P(V) 

Relative rates of reaction for various R groups: 

alkyl > aryl > sterically hindered aryl 

(RO)3 P=O  +  R'OOH             No Reaction 
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Representative Commercial Phosphites 
Two flagship products Ą then lots of specialties 
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Phenolic AOs react with oxygen 
centered radicals to yield less 
active products (ROH and H20) 

Phosphites react with 
hydroperoxides to yield 
inactive products (ROH) 

Path of Degradation Path of Stabilization 

Antioxidants in Action 
Inhibited Autoxidation Cycle 

ROO Å 

  R Å  

+  

ROOH 

RO Å  +  Å OH 

Oxygen 

Cycle II Cycle I 

 Energy; Shear; 

         Melt Processing; 

              Catalyst Residues 

Polymer 

Phenolic AOs react with oxygen 
centered radicals to yield less 
active products (ROH and H20) 



-17- 
R.E. King III 

BASF Corp 

Concentration vs. Performance 
Finding the right balance of cost & performance 

Additive Loading 

P
e
rf

o
rm

a
n

c
e

 

Diminishing 

Returns 

ñThe Zoneò 

Insufficient 

Amount 

Unstable Polymer 

Weaker Additives 

Difficult Processing 

Higher Temperatures 

Long Residence Times 

High Shear 

Stable Polymer 

Powerful Additives 

Easy Processing 

Lower Temperatures 

Brief Residence Times 

Less Shear 
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(Antioxidant/Phosphite) Stabilizer Blend / Loading Titration Study in LLDPE

Melt Index Data at 2.16 kg / 190°C

0.0 0.5 1.0 1.5 2.0

Blank Polymer

500 ppm 1076

500 ppm 1076/500 ppm 168

500 ppm 1076/1000 ppm 168

500 ppm 1076/2000 ppm 168

750 ppm 1076

750 ppm 1076/750 ppm 168

750 ppm 1076/1500 ppm 168

1000 ppm 1076

1000 ppm 1076/1000 ppm 168

dGrams/min First Pass Fifth Pass

Multiple 

solutions 

to properly 

stabilize 

film grade 

LLDPE   

Additive Concentration vs. Performance 
Finding the right balance of cost & performance 
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Phenolic AOs react with 
oxygen centered radicals 

Phenolic AOs react with 
free radicals to yield inactive  
products (ROH and H20) 

Phosphites react with 
hydroperoxides to yield 
inactive products (ROH) 

Path of Degradation Path of Stabilization 

New Directions for Antioxidants 
More efficient Inhibition of Auto-oxidation Cycle 

ROO Å 

  R Å  

+  

ROOH 

RO Å  +  Å OH 

Oxygen 

Cycle II Cycle I 

 Energy; Shear; 

         Melt Processing; 

              Catalyst Residues 

Polymer Carbon Centered Radical 

Traps Improve Efficiency 

of Traditional Stabilizers 
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Alternative Stabilization Chemistry 
Hydroxylamines are powerful and multipurpose 
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Example 1:  Systems & Solutions 
 

Approach: Identify Market Need Ą Combine 

Technologies Ą Measure Performance Ą Verify 

Value Proposition Ą Validate with Customer 


