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Thermoforming Enhancements
with Cyclic Olefin Copolymers
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Why Use TOPAS® COC in Thermoforming ‘TOPAS

Advanced Polymers

B Improve many physical properties

B Impart new functionality, such as barrier & heat
resistance; and capability, such as deep draw

B Improve material distribution & uniformity in formed
article

B Improve package performance & durability
B Enable downgauging to satisfy source reduction
initiatives

B Reduce cost of forming film
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Formed Cavities: 8007 & Octene LLDPE (TOF’AS

Advanced Polymers

0 10 15 20 30 % COC

Incremental addition of TOPAS® COC clearly shows
progressive improvement in appearance
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TOPAS® COC: Forming Film Performance (TOPAS

Forming Films: Why add TOPAS”® cyclic olefin copolymer?

B vs. Nylon-based films
» improved formability, reclaiming

B vs. lonomer films
» improved cost, stiffness, optics

B vs. Polyolefin films
» improved forming, stiffness

TOPAS® COC — an amorphous polyolefin
bringing unique forming benefits
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[ Advanced Polymers

TOPAS” COC

Thermoforming Applications

TOPAS® Cyclic Olefin Copolymer (COC)
Your Clear Advantage.
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TOPAS® COC — Forming Film Enhancement ‘TDPAS

Advance d Polymers

Description:
Medical and Food Forming Films with
LLDPE/COC blends or multilayered films

Value Proposition:
B Good forming properties
M Excellent dimensional stability

B Excellent stiffness
B Reclaimable for cost-effectiveness

TOPAS Grades:
8007F-600, 9506F-500
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Dental Blister

‘TO PAS
Description:

Tooth whitener refill sponge container

Value Proposition:

Peroxide resistance

High moisture barrier

Long shelf life

Easy thermoforming

Oxygen barrier layer can be added

Light resistance available with opaque film

TOPAS Grade:
8007F-04

Converter:
Tekni-Plex
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Steam Sterilizable Blister (TOF’AS

Description:
Post-sterilizable forming film
Monolayer film (COC-rich blend)

Value Proposition:

B No shrinkage and distortion of blister film
during steam sterilization (121°C/ 20min)

B High moisture barrier

TOPAS 6013 + LLDPE

Stretching Ratio 2 at 150 °C
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Converter:

Advance Technology
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TOPAS® COC Benefits For Thermoforming ‘TOPAS

Advance d Polymers

B Improve thermoformability & enhance package integrity with
less gauge variation & good dimensional stability

B Enable downgauging to reduce material cost

B Improve most physical properties, including stiffness, strength,
impact resistance & optics

B COC benefits from orientation during forming more than other
polyolefins

B Design recommendations:
B LLDPE — No restrictions
B LDPE — Minimize in LLDPE-COC blends
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[ Advanced Polymers

TOPAS” COC

Benefits of Discrete COC
Layers in Thermoforming

TOPAS® Cyclic Olefin Copolymer (COC)
Your Clear Advantage.
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TOPAS

Advanced Polymers

6-mil Cast Film Structures

CcOC Monolayer Multilayer
10 90% o-LLDPE (0.920 g/cc, 1.0 dg/min) A: 44.5% (2.7 mil) o-LLDPE
10% 8007 B:11% (0.6 mil) 100% 8007

A: 44.5% (2.7 mil) o-LLDPE

15 85% o-LLDPE (0.920 g/cc, 1.0 dg/min) A: 42.5% (2.55 mil) o-LLDPE
15% 8007 B:15% (0.9 mil) 100% 8007
A: 42.5% (2.55 mil) o-LLDPE

20 80% o-LLDPE (0.920 g/cc, 1.0 dg/min) A: 40% (2.40 mil) o-LLDPE
20% 8007 B:20% (1.2 mil) 100% 8007

A: 40% (2.40 mil) o-LLDPE

Equivalent COC content

TOPAS Advanced Polymers
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TOPAS

Advanced Polymers

Radar Plot Layout & Property Description

MD Modulus (ksi): 1% secant
modulus for film

Corner Strength Ratio (%): slow 250 .
puncture force ritio betw(eoe)n formed TD Modulus (ksi): 1% secant modulus
tray and unformed film ‘. 200 < for film

[N
’

Corner Break Energy (lbf-in): slow
puncture energy measured in the

. Haze (%): total haze for film
corners of the formed tray ‘. '

Corner Break Force (Ib): slow
puncture force measuredinthe 't vt
corners of the formed tray

viva v Gloss (60 Degree)

Corner Thickness (mil): cavity wall « ** .

thickness at corner of formed tray N . MD Tensile Yield Strength (ksi)

Minmum Cavity Gauge Variation (%):

lowest coefficient of variation for tray:

wall thickness measured at optimized
forming conditions

“ TD Tensile Yield Strength (ksi)

N - .

Retained Volume (%): measures H Normalized Sample 1
amount of shrinkage or snap-back in ® Comparative Sample 2
formed tray

All samples are compared to a “control” film whose properties are normalized at 100.
Positive or negative property differences are denoted by “+” or “-”

TOPAS Advanced Polymers
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10% COC Monolayer vs. 10% COC Multilayer

TOPAS

Advanced Polymers

(+) MD Modulus (ksi)
250 —

(+) Corner Strength Ratio (%)
200 +—

(+) Corner Break Energy (lbf-in) \

(+) Corner Break Force (Ib) |

Monolayer COC (10)

(+) TD Modulus (ksi)

Multilayer w/ Discrete COC (10)

(+) Haze (%)

(+) Corner Thickness (mil)

(+) Minmum Cavity Gauge
Variation (%)

(-) Retained Volume (%)

| (+) Gloss (60 Degree)

(+) MD Tensile Yield Strength (ksi)

(+) TD Tensile Yield Strength (ksi)

10% COC discrete layer construction offers “free” improvement to many
properties vs. 10% monolayer blend
Best enhancements: Formed Tray Corner Puncture
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15% COC Monolayer vs. 15% COC Multilayer

TOPAS

Advanced Polymers

(+) MD Modulus (ksi)

200 T
(+) Corner Strength Ratio (%) 180

(+) Corner Break Energy (Ibf-in)

(+) Corner Break Force (Ib) —

Monolayer COC (15)

(+) TD Modulus (ksi) ] ]
et Multilayer w/ Discrete COC (15)

(+) Haze (%)

(+) Corner Thickness (mil)

(+) Minmum Cavity Gauge
Variation (%)

(-) Retained Volume (%)

+—— (+) Gloss (60 Degree)

(+) MD Tensile Yield Strength (ksi)

(+) TD Tensile Yield Strength (ksi)

15% COC discrete layer construction offers “free” improvement to many
properties vs. 15% monolayer blend
Best enhancements: Modulus & Formed Tray Corner Puncture
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TOPAS

Advanced Polymers

10 & 15% COC Monolayer vs. 10% COC Multilayer

(+) MD Modulus (ksi)
250 T

O Monolayer COC (10)

(+) Corner Strength Ratio (%) (+) TD Modulus (ksi)

B Multilayer w/ Discrete COC (10)
200

O Monolayer COC (15)

(+) Corner Break Energy (lbf-in) (+) Haze (%)

(+) Corner Break Force (Ib)

| (+) Gloss (60 Degree)

(+) Corner Thickness (mil) (+) MD Tensile Yield Strength (ksi)

(+) Minmum Cavity Gauge

Variation (%) (+) TD Tensile Yield Strength (ksi)

(-) Retained Volume (%)

10% COC discrete layer construction offers cost savings improvement to
many properties vs. 10% & 15% monolayer blend
Best enhancements: Modulus, and Formed Cavity Corner Puncture
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20% COC Monolayer vs. 20% COC Multilayer

TOPAS

Advanced Polymers

(+) Corner Strength Ratio (%)

(+) Corner Energy-to-Break (Ibf-in)

(+) MD Modulus (ksi)
300

250
200

150 /1

Monolayer

(+) TD Modulus (ksi)

Multilayer w/ Discrete COC

(+) Haze (%)

(+) Corner Break Force (Ib) ¢

(+) Corner Thickness (mil)

(+) Minmum Cavity Gauge
Variation (%)

\

4.\

(-) Retained Volume (%)

| (+) Gloss (60 Degree)

(+) MD Tensile Yield Strength (ksi)

(+) TD Tensile Yield Strength (ksi)

20% COC discrete layer construction offers “free” improvement to many
properties vs. 20% monolayer blend
Best enhancements: Modulus, Tensile & Formed Tray Corner Puncture
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TOPAS

Advanced Polymers

15 & 20% COC Monolayer vs. 15% COC Multilayer

(+) MD Modulus (ksi)
200 —

180 + (+) TD Modulus (ksi)
160
140

0 Monolayer COC (15)
(+) Corner Strength Ratio (%)

B Multilayer w/ Discrete COC (15)

O Monolayer COC (20)

(+) Corner Break Energy (Ibf-in) (+) Haze (%)

(+) Corner Break Force (Ib) —— (+) Gloss (60 Degree)

(+) Corner Thickness (mil) (+) MD Tensile Yield Strength (ksi)

(+) Minmum Cavity Gauge Variation

o £ (+) TD Tensile Yield Strength (ksi)

(-) Retained Volume (%)

15% COC discrete layer construction offers cost savings improvement to
most properties vs. 15% & 20% monolayer blend
Best enhancements: Modulus, and Formed Cavity Corner Puncture
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Forming Benefits With Discrete COC Layers ‘TOPAS

Advanced Polymers

B Flat film enhancements include stiffness, strength and optical
properties

B Thermoformed tray enhancements include puncture resistance,
corner thickness & reduced gauge variation

B Films with discrete layers of COC can reduce material cost without
sacrificing performance

B Films with discrete layers of COC have better barrier properties

Maximize cost-benefit ratio and film performance
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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 rigorous 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 of 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 (859) 746-6447 x4400 for additional technical
information. Call Customer Services at (859) 746-6447 x4402 for the appropriate Safety Data Sheets (SDS) 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 designed nor promoted for use in medical or dental implants.
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