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New Potential for the Packaging Market

Resin Design - Products -

Cyclic Olefin
Copolymers (COC)

Amorphous

B Ethylene copolymer

B Molecular weight

B Comonomer level

Value

Shrink
Thermoformability
Easy tear

Downgauging
Temperature resistance
Barrier - WVTR, alcohol
Chemical resistance
Stiffness

Gloss and clarity

Unique Resin Unique Benefits
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Sustainability Fit with COC

» Environmental & Consumer Friendly ------ Yes
» Estrogenic activity free (PlastiPure)
* No halogens or problem additives
* High purity

» Recyclability ----------------mmmm - Yes
« Compatible with polyethylene

» Source Reduction -------------mmmmmmmmmo e Yes
 Down gauging
* Reduced number of feedstocks
« Enhanced performance

» Halogen-free for clean incineration -------- Yes
» Biodegradable —-----------m-mm-mmmmmee oo No
» Compostable -----------------mme - No
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COC - Product Map

Comonomer Content & Glass Transition Temperature

Lo AS

250 : :
Semicrystalline Amorphous copolymers
copolymers * Stiff, highly transparent
* Flexible, soft copolymers
g 200 copolymers  elongation at break: 3-5%
Qf * good transparency <+«—TOPAS 6017
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Norbornene content in weight %
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COC Elastomer — Unique Polymer TOPAS

Features

Product Benefits

BAmorphous & crystalline
M Ductile-Brittle Temp < -90°C
BTg =6°C; Tm =84°C

B COC impact modifier

B Polyolefin compatibilizer

B Sustainability solution

B Good optics

B Reduce haze
® Polyolefin resin

M Increase tear resistance
M Tear resistance

B TOUGHNESS
B USP Class VI

M Excellent low temperature
properties

B Broad service temperature
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COC Elastomer Toughens Rigid COC TOPAS

Advanced Polymers

B Compounded rigid COC products with new COC Elastomer.

B Modified COC offers barrier properties, stiffness, strength, heat
resistance, transparency plus impact resistance.

B High Speed Impact - Injection molded 2 mm thick plaques:

40% 9903D-10

85% 8007 85% 9506 40% 6013M-07
15% Elastomer 15% Elastomer 20% Elastomer
470 Ib; 474 by 436 Ib;
22.3 ft-Ib 22.9 ft-Ib 19.8 ft-Ib
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Impact Modified Rigid COC with TOPAS® E-140 TOPAS

M Injection Molded Articles

B Pros
B Impact resistant
M Ductile failure
B Broad compatibility
B Cons
B Semi-transparent — Low Tg COC
B Opaque - high Tg COC

B Film & Sheet Applications

B Pros

B Transparent —Low Tg COC

B Improved tear resistance

B Impact resistance with 10 — 30 percent COC-E
B Cons

B Reduced transparency — high Tg COC
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Value Proposition - Films TOPAS
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B Current COC Benefits
B 10-30%rigid COC in PE (LLDPE, EVA, etc)
B 0-20% PEin rigid COC

B Enable down gauging, stiffness, formability, linear tear, broaden
sealant properties, control shrinkage and improve moisture /
alcohol barrier

B Additional Benefits Using Impact Modified COC
B 60-90% rigid COC + 40 -10% COC-E

M Preserve transparency; lower haze
B Control tear resistance
B Improve puncture and impact resistance
B Improve sub-ambient film durability
B Enable use of higher Tg rigid COC for improved heat resistance
B Capture all benefits of COC via discrete layers
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Monolayer Nylon Film

TOPAS

6-mil Films Description Nylon
80% Ultramid B33
20% Selar PA-3426
Property Method Units
Total Haze ASTM D1003-00 B % 0.4
Gloss (60°) ASTM D2457 163
Impact Resistance ISO 7765-2 (1994)E Ibf 56.7
Total Impact Energy ISO 7765-2 (1994)E ft-lbs 0.833
Tensile Modulus (1% Secant)
MD ASTM D 882-02 psi 222,000
TD ASTM D 882-02 psi 259,000
Tensile at Break
MD ASTM D 882-02 psi 10,100
TD ASTM D 882-02 psi 9,640
Elongation at Break
MD ASTM D 882-02 % 480
TD ASTM D 882-02 % 420
Tear Resistance
MD ASTM D1922-06a grams 323
TD ASTM D1922-06a grams 309
Flex (Gelbo) Durability
100 Cycles (MD) ASTM F392-93 # pinholes 5
100 Cycles (TD) Modified Condition C | # pinholes 4
250 Cycles (MD) # pinholes 10
250 Cycles (TD) (Lab Average) # pinholes 12
500 Cycles (MD) # pinholes 21
500 Cycles (TD) # pinholes 21
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Many Useful Properties:

Transparency
Excellent appearance
Strength

Toughness

Stiffness

Oxygen barrier

Heat resistance

Some Limitations:

Moisture sensitivity
Poor moisture barrier
Flex crack resistance
Tear resistance
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Monolayer Nylon vs. COC Films

TgpAs

ed Polymers

6-mil Films Description Nylon
80% Ultramid B33 | 85% 9903D-10 | 70% 9506F-04
20% Selar PA-3426 | 15% COC-E 30% COC-E
Property Method Units
Total Haze ASTM D1003-00 B % 0.4 1.9 11.3
Gloss (60°) ASTM D2457 163 138 125
Impact Resistance ISO 7765-2 (1994)E Ibf 56.7 48.5 53.9
Total Impact Energy ISO 7765-2 (1994)E ft-lbs 0.833 2.54 2.40
Tensile Modulus (1% Secant)
MD ASTM D 882-02 psi 222,000 252,000 229,000
TD ASTM D 882-02 psi 259,000 152,000 306,000
Tensile at Break
MD ASTM D 882-02 psi 10,100 4,340 4,490
TD ASTM D 882-02 psi 9,640 4,800 6,260
Elongation at Break
MD ASTM D 882-02 % 480 210 87
D ASTM D 882-02 % 420 370 160
Tear Resistance
MD ASTM D1922-06a grams 323 648 220
TD ASTM D1922-06a grams 309 900 225
Flex (Gelbo) Durability
100 Cycles (MD) ASTM F392-93 # pinholes 5 3 1
100 Cycles (TD) Modified Condition C | # pinholes 4 3 2
250 Cycles (MD) # pinholes 10 15 7
250 Cycles (TD) (Lab Average) # pinholes 12 19 12
500 Cycles (MD) # pinholes 21 25 18
500 Cycles (TD) # pinholes 21 29 14
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Comparison:

Haze - slightly higher
Gloss - slightly lower

Impact resistance is
nearly equivalent

Impact energy is
superior

Modulus depends on
composition

Less tensile strength

Improved tear and flex
crack resistance is
grade dependent
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New Opportunity for Packaging Films TOPAS

iymers

B Substitute modified COC for nylon and eliminate tie layers in
multilayer coextruded film

B Benefits:
B Simplify coextruded film structures

B Create new ALL OLEFIN film structures with PP, HDPE,
LDPE, LLDPE and COC

B Cost neutral resin substitution

B Improve sustainability; reduce costs via
reclaim and recycling
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Multilayer Nylon & COC Packaging Film Structures TOPA S

Structure 1

Structure 2

Layer | Thickness Material Polymer Thickness Material Polymer
A 31.30% Sclair FP 120C 0-LLDPE 31.0% 98% Exceed 3512CB  m-h-LLDPE
2% Ampacet 100622  Antiblock
B 5.30% Admer SF700A Tie (elastomer) 10.0%  100% 8007F-400 COC; 80°C =tg
C 26.70%  80% Ultamid B33 Nylon 6 18.0%  Exceed 3512CB m-h-LLDPE
20% Selar PA-3426 Amorphous Nylon
D 5.30% Admer SF700A Tie (elastomer) 10.0%  100% 8007F-400 COC; 80°C =tg
E 31.30% Sclair FP 120C 0-LLDPE 31.0%  98% Exceed 3512CB  m-h-LLDPE
2% Ampacet 100622  Antiblock
Structure 3 Structure 4 Structure 5
Layer | Thickness Material Polymer Thickness Material Polymer Thickness Material Polymer
A 31.0% 98% Exceed 3512CB  m-h-LLDPE 31.0% 98% Exceed 3512CB  m-h-LLDPE 31.0% 98% Exceed 3512CB  m-h-LLDPE
2% Ampacet 100622  Antiblock 2% Ampacet 100622  Antiblock 2% Ampacet 100622  Antiblock
B 10.0%  85% 9903D-10 COC; 33°C =tg 10.0%  70% 9506-F04 COC; 68°C = tg 10.0%  60% 8007-F04 COC; 80°C = tg
15% COC-E COC Elastomer 30% COC-E COC Elastomer 25% COC-E COC Elastomer
15% 99D3-10 COC; 33°C = tg
C 18.0% Exceed 3512CB m-h-LLDPE 18.0%  Exceed 3512CB m-h-LLDPE 18.0% Exceed 3512CB m-h-LLDPE
D 10.0%  85% 9903D-10 COC; 33°C =tg 10.0%  70% 9506-F04 COC,; 68°C = tg 10.0%  60% 8007-F04 COC; 80°C = tg
15% COC-E COC Elastomer 30% COC-E COC Elastomer 25% COC-E COC Elastomer
15% 99D3-10 COC; 33°C = tg
E 31.0% 98% Exceed 3512CB  m-h-LLDPE 31.0% 98% Exceed 3512CB  m-h-LLDPE 31.0% 98% Exceed 3512CB  m-h-LLDPE
2% Ampacet 100622  Antiblock 2% Ampacet 100622  Antiblock 2% Ampacet 100622  Antiblock
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Property Analysis of Multilayer Film Charts TOPAS

B Film Structures
B 5.9-mil 5-layer nylon core
m 5.9-mil split layer COC (better properties)
B Equivalent material cost

B Film Properties
B Total Haze {ASTM D1003} & Gloss (60°) {ASTM D2457}
B Puncture Resistance & Total Energy {ISO 7765-2}
B Tensile Modulus {ASTM D882}
B Elongation at Break {ASTM D882}
B Tear Resistance {ASTM D1922}

lymers
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Multilayer Nylon vs. COC: Appearance TOPAS

60% 8007-F04+ 25% COC-E
+15% 9903D-10

70% 9506-F04 + 30% COC-E

85% 9903D-10 + 15% COC-E

100% 8007F-400

Nylon Blend & Ties

\ \ \ \ \ \ \ \ \ \
20 108 110 112 114 116 118 120 122 124

Total Haze (%) Gloss (60 degree)

Appearance equivalence: Low total haze & high gloss
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Multilayer Nylon vs. COC: Puncture TOPAS

60% 8007-F04+ 25% COC-E
+15% 9903D-10

70% 9506-F04 + 30% COC-E

85% 9903D-10 + 15% COC-E

100% 8007F-400

Nylon Blend & Ties

1.50

Puncture Resistance (Ibf) Total Energy (ft-Ib)

Puncture resistance of three COC films exceed nylon film

Total energy of COC films offer significant improvement with COC-E
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Multilayer Nylon vs. COC: Modulus TOPAS

OMD BTD

60% 8007-F04+ 25% COC-E
+ 15% 9903D-10

70% 9506-F04 + 30% COC-E

85% 9903D-10 + 15% COC-E

100% 8007F-400

Nylon Blend & Ties

! \ \ \ \ \ \ \
0 20,000 40,000 60,000 80,000 100,000 120,000 140,000

Tensile Modulus (psi)

COC-E reduces stiffness of COC films
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Multilayer Nylon vs. COC: Tear Resistance TOPAS

EMD BTD |

60% 8007-F04+ 25% COC-E
+ 15% 9903D-10

70% 9506-F04 + 30% COC-E

85% 9903D-10 + 15% COC-E

100% 8007F-400

Nylon Blend & Ties

0 100 200 300 400 500 600 700 800

Tear Resistance

COC films have less tear resistance

TOPAS 9903D-10 & COC-E improves tear resistance
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Multilayer Nylon vs. COC: Elongation

60% 8007-F04+ 25% COC-E
+ 15% 9903D-10

70% 9506-F04 + 30% COC-E

85% 9903D-10 + 15% COC-E

100% 8007F-400

Nylon Blend & Ties

BEMD BTD |

\ \ \ \ \ \
100 200 300 400 500 600

Elongation at Break (%)

COC films have superior ductility

COC-E improves ductility
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Target Market and Applications

B Bag-In-Box
B Medical Thermoforming Films
M Liquid Soap

B Many Others
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Conclusions TOPAS

B Cast extruded monolayer films consisting of 9903D-10,
9506F-04 and COC elastomer blends are competitive to
monolayer nylon film blend with respect to toughness, tear
resistance and appearance.

B 5-layer modified COC films are good alternatives to
multilayer nylon core film.

B Cost equivalence; recycle / reclaim for additional savings
B Similar appearance
B Superior ductility, impact & puncture resistance

B New film design options

B New class of “ALL” polyolefin films can be made to satisfy
sustainable packaging initiatives
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TOPAS® COC - Disclaimer TOPAS

NOTICE TO USERS: To the best of our knowledge, the information contained in this publication is accurate, however we do not assume any liability
whatsoever for the accuracy and completeness of such information. The information contained in this publication should not be construed as a
promise or guarantee of specific properties of our products. All technical information and services of TOPAS Advanced Polymers, Inc are intended for
use by persons having skill and experience in the use of such information or service, at their own risk.

Further, the analysis techniques included in this publication are often simplifications and, therefore, approximate in nature. More vigorous analysis
techniques and prototype testing are strongly recommended to verify satisfactory part performance. Anyone intending to rely on any recommendation
or to use any equipment, processing technique or material mentioned in this publication should satisfy themselves that they can meet all applicable
safety and health standards.

It is the sole responsibility of the users to investigate whether any existing patents are infringed by the use of the materials mentioned in this
publication.

Properties molded parts, sheets and films can be influenced by a wide variety of factors including, but not limited to, material selection, additives, part
design, processing conditions and environmental exposure. Any determination of the suitability of a particular material and part design for any use
contemplated by the user is the sole responsibility of the user. The user must verify that the material, as subsequently processed, meets the
requirements of the particular product or use. The user is encouraged to test prototypes or samples of the product under the harshest conditions to be
encountered to determine the suitability of the materials.

Material data and values included in this publication are either based on testing of laboratory test specimens and represent data that fall within the
normal range of properties for natural material or were extracted from various published sources. All are believed to be representative. These values
alone do not represent a sufficient basis for any part design and are not intended for use in establishing maximum, minimum, or ranges of values for
specification purposes. Colorants or other additives may cause significant variations in data values.

We strongly recommend that users seek and adhere to the manufacturer’s current instructions for handling each material they use, and to entrust the
handling of such material to adequately trained personnel only. Please call TOPAS Advanced Polymers, Inc hotline +1-859-746-6447 for additional
technical information. Visit our website, , for the appropriate Material Safety Data Sheets (MSDS) before attempting to process our
products. Moreover, there is a need to reduce human exposure to many materials to the lowest practical limits in view of possible adverse effects. To
the extent that any hazards may have been mentioned in this publication, we neither suggest nor guarantee that such hazards are the only ones that
exist.

The products mentioned herein are not intended for use in medical or dental implants.
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