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High Toughness — High Stiffness
Performance Films Markets

= Merchandise bags

= Heavy duty sacks

= |nsulation bags

= High performance consumer bags
= Various other applications




A NOVA Chemicals

What Customers Require

= High Film Toughness —— Abuse Resistance
v Dart impact strength and MD tear resistance

= High Film Stiffness > Machinability
v' Secant modulus
v Tensile properties

= Good Resin Processability ——— Energy Efficiency
v Pressure drop
v Amps
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The Performance of LLDPE Films

= Physical properties
= Type, degree and distribution of branching

= Molecular weight and molecular weight
distribution

= Processability
» Weight - average molecular weight (melt index)
» Molecular weight distribution (melt flow ratio)
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A NOVA Chemicals
Film Performance Trends with Conventional Z-N
Catalysts in Single Reactors

Effect of Resin Density
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A NOVA Chemicals

Effect of Molecular Weight Distribution at
Same Density

High Dart Impact,
1| High Secant Modulus

Low Tear Strength \
1| Low Processability

Lower Dart Impact
Higher Tear Strength
Good Processability
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Objective

To obtain:

» Higher Dart Impact Strength

» Higher MD Tear Strength

» Higher Secant Modulus, and

» Good Processablility compared to the conventional Z-N
catalyzed resins.



A NOVA Chemicals
Dual Reactor Polymerization Process

Molecular Design Opportunities
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Use of Dual Reactors

Advanced SCLAI RTECH ™ Pr oces s Reaagt
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Experimental

= Sample selection

» One commercial Z-N catalyzed LLDPE resin

» Octene LLDPE made in a single reactor with solution-phase
technology

» Two bimodal single-site catalyzed sLLDPE resins

» Octene sLLDPE resins made with NOVA Chemicals’ dual-
reactor Advanced SCLAIRTECH™ Technology

v"Normal co-monomer distribution, Broad MWD
v"Reverse co-monomer distribution, Narrow MWD
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Characteristics of PE Samples

Resin A B C
Catalyst Type Z-N SSC SSC
Reactor Type Single Dual Dual
Comonomer

L . Normal Normal Reverse
Distribution
Melt Index Lo 03 00
(dg/min) | | |
Density
0.920 0.921 0.923
(g/cc)
Melt Flow Ratio
31 28 21

(MFR)

Polydispersity 3.2 2.8 2.3
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Film Blowing

Gloucester Film Line
» 4 inch annular die

» Film thickness: 25.4 micron
(1.0 mil)

» BUR: 2.5:1
» Output rate: 45 kg/h
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Dart Impact Strength (g)

A NOVA Chemicals

Dart Impact Strength
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MD Tear Strength (g)
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MD Tear Strength
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Secant Modulus
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Resin Processability
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Summary and Conclusions

1. NOVA Chemicals’ dual reactor Advanced SCLAIRTECH™
Technology and the proprietary single-site catalyst provide:

» New molecular design opportunities
» Product design flexibility
v" To satisfy diverse product performance requirements

2. Itis now possible to obtain high toughness — high
stiffness film resins with good resin processability.
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Development of High Toughness/ High Stiffness LLDPE Film Resin

The zorse
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Appendix
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Shear Viscosity Profiles @ 250 °C
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