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Objectives

How can we predict the biaxial orientation / stretch
window?

How does the melt index control the performance of
biaxially stretched films?

Is there a relationship between film performance and
film morphology?



Zlegler Natta Polyethylene

Resin Density (g/cc) Melt Index (dg/min)
Resin A (Reference) 0.922 0.75
Resin B (SCLAIRN 0.920 1.0
FP120A)
Resin C (SCLAIRN 0.921 0.70
FP020D)




Polyethylene Comonomer Distribution
Temperature Rise Elution Fractionation
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Polyethylene Film Preparation

ABlaxial Stretching (Orientation)

(1)

(2)
©)

Bruckner Biaxial Stretcher at IMI (Montreal)
and T. M. Long Biaxial Stretcher (Newark)
Isotropic Sheets Stretched 400% x 400%

Orientation / Stretch Window - temperature and
stretching speed (%/s)

ASingle Bubble Blown Films

(1)
(2)
©)
(4)
(5)

Gloucester Film Line with 35 mil Die Gap
Blow Up RatioT 2.5

Frost Line Height T 18 inches

Output T 100 Ib/nr

Melt Temperature 1 370-390°F



Polyethylene Film Characterization

APhysical Performance

(1) Toughness by Dynatup at room temperature
©)) Tear Strength in MD and TD

(4) Tensile Properties in MD and TD

(5) Optical Properties i Gloss 45° and Haze

AFIlm Morphology

(1) Lamellar Thickness by Differential Scanning Calorimetry
(2) Atomic Force Microscopy with light etching

©)) Crystal Orientation by Polarized FTIR Spectroscopy

(4) Crystal Orientation by Wide Angle X-Ray Diffraction
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Povmers « Laminations « Aonesives « Coatings « Extrusions

Biaxial Orientation Window

: : . .
Resin Orientation Window 95% of VICAT Diffr—;rence

oC _
Resin oC
Upper Lower Width Melt, °C

Resin A 123 104 19 125 104
Resin B 121 105 122 106
Resin C 121 105 122 108

* Acceptable Films Obtained at All Stretching Rates: - 29, 86, 256 and 714 % per second



Film Propertles | Toughness by Dynatup
All Three Stretched Films

@ Total Energy (J/mm)

B Energy to Max Load (J/mm)

Energy (J/mm)
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Film Properties I Tear Strength
All Three Stretched Films

B Tear - MD (g/mil)

OTear - TD (g/mil)
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Powymens * Laminations * Apnesives « Coarines « ExTausions ;:-—

Film Properties T Tensile Properties
All Three Stretched Films

3 MD Tensile Break Strength
B TD Tensile Break Strength
== MD Elongation at Break
=C=TD Elongation at Break
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Gloss 45°

Film ropertieS | Optical Properties
All Three Stretched Films

E3Gloss at 450 =O=Haze (%)

Haze (%)
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Film Properties T Toughness by Dynatup Drop Dart
Stretched Film vs Blown Film

O Total Energy (J/mm)

B Energy to Max Load (J/mm)
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P owymers * Laminations * Apnesives * Coarings * Exmusmns tickin'

Film Properties I Tear Strength
Stretched Film vs Blown Film

B Tear - MD (g/mil)

OTear - TD (g/mil)
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Film Properties T Tensile Properties
Stretched Film vs Blown Film

3 MD Tensile Break Strength
I TD Tensile Break Strength
=>=MD Elongation at Break
== TD Elongation at Break
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Film Properties | Optical Properties
Stretched Film vs Blown Film

3 Gloss at 450

=O=Haze (%)
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Lamellar Thickness of Stretched Films and Blown Film of Resin C
(Gibbs T Thompson Equation & DSC Data)

Isotropic Sheet
= QOriented at 106C
= QOriented at 113C
= QOriented at 119C
= = Blown Film
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Relative Amount

60.0 80.0 100.0
Lamellar Thickness (A)
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Isotropic Sheet
Prior to Orientation
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