Enhanced Beta Nucleant Masterbatches for
use in PP Film, Molding, Thermoforming,
and Geosynthetic Applications
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Outline

e|[ntroduction to Beta Nucleation

*Unique Attributes of Beta Nucleation
sImproved toughness & ductility
*Microvoiding during stretching to produce microporous films

sImproved thermoformability leading to lighter weight parts and
higher productivity

New Mayzo Developments in Beta Nucleation

» Patented Mayzo technology for improving the properes and
lowering the weight of biaxial geogrids used in sostabilization

*A unique beta masterbatch that can be used with ceaitn alpha
nucleated PP resins

eConclusions




The Effect of Nucleating Agents In
Polypropylene
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Differences Between Alpha and Beta
Crystal Phases in PP

Alpha Phase
Melts at ~ 164°C (HPP)
Most common phase
Many nucleants known

All clarifiers are alpha
nucleants (M 3988, NA-
11, etc.)

Many pigments and some
fillers (talc) are alpha
nucleating agents

Beta Phase
Melts at ~ 150°C (HPP)

Transforms to alpha phase
on stretching

Very few known beta
nucleants

Lower yield stress and
more uniform drawing
behavior with high
ductility

Microvoids if stretched In
solid state
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D

C Melting Curves for Alpha and Beta PP
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Impact Enhancement of
Injection Molded PP
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Notched Izod @ 23 C (J/m)

Room Temperature 1zod Impact of Beta Nucleated

Polypropylene Resins
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Notched Izod @ -20 C (J/m)

lzod Impact at -20 C For Beta Nucleated

Polypropylene
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Gardner Impact Strength (in-Ibs)

Gardner Impact Strength of Polypropylene Screw Caps
Without Mayzo Beta Nucleant MB

With and
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Notched Izod Impact at 23 °C for a Random Copolymer PP (3.8%
ethylene) With Various Levels of MPM 1113
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Flexural Modulus (MPa)

Flexural Modulus of a Random Copolymer PP (3.8% eth  ylene) With
Various Levels of MPM 1113
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Impact Enhancement in Rotomolded PP
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Film Applications for Beta Nucleated PP

Tape (MOPP)

L abels (MOPP)

*Synthetic Paper
*Breathable/Waterproof film (BOPP)
-Battery Separator Membranes (BOPP)

MAYZ0



Performance Enhancers

Beta Nucleant Masterbatches For Oriented Film Applic  ations

Applications Benefits
*Opaque Tapes & Labels sIncreased Yield with
“White Films lower film density

-Breathable Films *Lower cost

*Uniform White-Opaque
Opacity Enhancement A.ppearanc.e without
Fillers or Pigments

Density Reduction

0.92

12% Density

e
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Applications For Breathable-Waterproof Microporous Film

Chemical/Medical Protective Suits Car Covers, ??d car protective
ilm

Roofing membranes Battery Separator Membranes
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Properties of Mayz® MMF-100 Microporous
PP Film (for standard & UV version)

Property

Basis Weight

Thickness

Tensile Strength - MD
Tensile Strength - TD
Tensile Elongation - MD
Tensile Elongation - TD

MVTR

CPAI Hydrostatic
Resistance

Test Method

ASTM D751
ASTM D751
ASTM D751
ASTM D751

ASTM E96,
method E

Unit

g/m? (0z/yF)

microns
(mils)

N/inch
N/inch
%
%

g/m?xday

kPa (psi)

Average Value

25 (0.75)
38 (1.5)

18
16
120

75

5000

470 (68)
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Appearance of Containers Made with
Beta and Alpha Nucleated PP

Note: No TiO, used in Beta nucleated HPP
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Effect of Cycle Time on Part Deffinition For
Alpha and Beta Nucleated PP Containers

Alpha Nucleated PP Beta Nucleated PP
Round
Edge
14.9 CPM 16.6 CPM 18 CPM
Note: 20% increase in cycle rate
(standard conditions ) (unacceptable ) with sharp corners & edges
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High Temperature Dimensional Stability of
Beta vs Alpha Nucleated PP

Containers filled with tomato sauce and
heated at high setting for 5 minutes

Beta Nucleated Alpha Nucleated



Geogrid Production Process

Perforated Sheet after
MD Orientation

Holes Punched in Sheet

Extruded PP Sheet

.

Biaxially stretched >
Geogrid Transverse
“— Stretching of Sheet
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Geogrid Made With and Without The
Mayzo Masterbatch

Control (non-nucleated) Mayzo Beta-PP Masterbatch

/ v

Node thickness of 3.4 mm Node thickness of 2.3 mm
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Ultimate Tensile Strength of PP Geogrids With and
Without Beta Nucleation
(Basis Weight Shown Above Bars)

25
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#6: No Beta, 4.5 mm #3: Beta, 4.5 mm #4: Beta, 4.15m m #5: Beta, 3.84 mm
Sample ID, Nucleation, Sheet Thickness (mm)
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Overcoming The Interference from Alpha
Nucleating Agents

Problem: Many Commercial PP resins are already alphasaibed,
and beta nucleating agents will not work in thesgemals

Current Solution: Switch to a non-nucleated PP resin. This is not
always an option since there may not be a comparaii-nucleated
PP resin that meets all of the requirements oafifgication

New Option Available: Use the Mayzo MPM 1114 masterbatch
(“Alpha Killer”) to neutralize the most common akphucleant, so
that the benefits of beta nucleation can be acHieve
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Mayzo DSC Data (29 heat) For Standard
Beta MB vs “Alpha Killer” MB

Phillips Marlex HGN-020-05 with Phillips Marlex HGN-020-05 with 2%
2% of Standard MB (MPM 1112) of “Alpha-Killer” MB (MPM 1114)
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Product Offerings

‘MPM 1101: 1stgeneration MB. Used for Thermoforming & Film. Fully
FDA &EU compliant for food contact. 2% Addition lel

*MPM 1112: 2nd generation, high performance MB. Used for thermuofag,
film, inject. molding. Fully FDA &EU compliant fofood contact. 1-2%
Addition level

*MPM 1113: 2ndgeneration MB. Used for inj. Molding or extrusiavhen
higher loading of nucleant is needed to overconerfi@ting additives. Has a
5X conc. of the nucleant compared to MPM 1112. 0-3%% addition level

*MPM 1114: New “Alpha Killer” technology. Contains additiona
components to overcome certain alpha nucleatingtag&.0% - 2.0%
addition level

‘MPM 1110: 2@ generation MB, black pellets. Used for geogrids. 1%
Addition level.
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What Does Mayzo Offer?

Unigue beta nucleant masterbatches that can big easi
added to non-nucleated PP or certain alpha nudéd®?e
prior to extrusion or injection molding

*All masterbatches are fully compliant with FDA
regulations and the European Commission “Plastic
Directive” for food contact applications

*Expertise in using the beta nucleant to achiewei@
end-use performance

*Expertise in formulating custom performance
masterbatches
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Conclusions

*Produce low density, white/opaque PP films without the use of
fillers or pigments

*Produce breathable BOPP films with very low densities

eDramatically increase the impact strength of molded or extruded
parts with very little loss in stiffness

*Produce more rigid, lighter weight and lower cost thermoformed
containers with improved high temperature properties

*Produce lower cost, lighter weight geogrids with improved tensile
strength
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Contact Information

e Dr. Philip Jacoby

e V.P. Technology

 Tel: 678-551-7031

 Mobile: 770-317-0976

 Fax: 678-551-7011

e E-maill:
pjacoby@mayzo.com

e Address:

— 3935 Lakefield Ct.
Suwanee, GA 30024

¢ WWW.Mmayzo.com
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