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CASE STUDY
Get Utmost Releasability and

Heat Resistance with

Ready for Use
TPX™-based Release Film

Summary

Product type: Polyolefin Release Film

Applications: FRP, Medical Adhesives and packaging, Food packaging, LED packaging,
Semiconductor encapsulation, FPC/PCB/Photovoltaic production, Printing transfer,

Synthetic Leather

Key benefits: Good releasability | High heat resistance | High transparency | Good water
and chemical resistance | Excellent gas permeability | Light weight | Environment friendly |
Safe for food applications

A release film is used to protect a surface from premature bonding to another surface. Release films
are used in a wide range of high-performance applications. Traditionally, they have been used for
transferring screen and digitally printed images to other substrates, as a backing for medical adhesives,
and for release of textured coating on to a backing fabric in the production of synthetic leather.
Modern applications include demolding of semiconductors and LED packaging, where the release film
helps lower the force required for separation of the mold from high-adhesion molding compounds.
The use of a release film prevents burring on the printed circuit board and removes the need for an
additional ejector, thereby improving product quality and production speed. Other applications
include Flexible Printed Circuit (FPC) manufacturing, casting and flocking systems, automotive and
printed electronics, solar cell production, roofing, architectural facades and interior finishing.

The Challenge

Release films are made from PET (Silicone coated), PTFE, ETFE, PP, HDPE. The physical and chemical
properties of the film depend on the properties of the plastic material they are made from. The primary
characteristic for a release film is good releasability. Releasability, however, must be balanced with
several other properties that are necessary for making the film suitable for a given production process.
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These properties include, heat resistance, transparency, water and chemical resistance, gas
permeability, density, sustainability, and suitability for food applications. The challenge is to produce
a plastic release film that checks all the other boxes while delivering excellent releasability.

The Solution

TPX™ (Polymethylpentene) is a transparent, heat resistant polymer with excellent releasability, solely
produced by Mitsui Chemicals Inc. The characteristic helical structure of TPX™, with a bulky side chain,
gives the material some very useful properties for the production of release films. Mitsui manufactures
TPX™ release films under the brand name Opulent™. A study was conducted to compare the properties
of Opulent™ release film with those of traditional films made from other polymers.

Releasability

The releasability of a material depends on its surface tension property. A low surface tension translates
into high releasability and vice versa. Figure 1 shows that the surface tension of TPX™ is very low as
compared to other film polymers. The surface tension of Opulent™ is comparable to that of PTFE which
is a fluorine polymer well-known for having high releasability.
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Figure 1: Opulent™ TPX™ films have low surface tension which translates into excellent releasability

High film releasability helps increase production and removes the need for installation of additional
equipment to force the release. In addition, it helps improve product yield and quality by avoiding
wrinkles and other defects. Opulent™ films exhibit excellent releasability against a wide range of
materials including epoxy, polyurethane, unsaturated polyester and phenolic resins, EVA, hot melt
adhesives, acrylic-based adhesives, various metals and rubbers.
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Figure 2: The low surface tension of TPX™ makes Opulent™ films water repellent

Heat Resistance

TPX™ is a heat resistant polyolefin with a melting point in the range of 220 - 240°C and a high Vicat
softening temperature. Figure 3 plots the flexural modulus of various polymers against their melting
point. The figure shows that TPX™ has a significantly higher melting point among polymers with a
similar flexural modulus. This property makes TPX™ suitable for high temperature applications where
polymers such as HDPE, LDPE, PP and POM will melt.
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Figure 3: TPX™ offers a good combination of high melting point and a high flexural modulus

The TPX™ film remains non-sticky even at high temperatures in the range of 200°C. Since the melting
point of TPX™ is more than 220°C, the film can be used in processes with temperatures as high as
200°C.
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Transparency

TPX™ is a crystalline polymer which exhibits excellent transparency and light transmittance with less
than 5% haze. Its UV transmittance is higher as compared to glass and other transparent polymers
making it suitable for use in optical analysis cells. The light transmittance of Opulent™ films, made from
TPX™, is higher for all wavelengths ranging from UV to IR as compared to other transparent polymers.
Figure 4 shows that Opulent™ films offer excellent transparency as their light transmittance is superior
to most other polymers across the range of UV, visible and IR light. Figure 5 illustrates that higher
transparency of Opulent™ films allows greater visibility of the underlying material.

Opulent™ has high transmittance of light from UV to IR
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Figure 4: Opulent™ films show higher light transmittance than other transparent polymers
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Figure 5: Ten pieces of 50 um film stacked on printed material

Gas Permeability

The unique molecular structure of TPX™ imparts excellent gas permeability to Opulent™ films making
it suitable for gas permeative applications such as gas separation membranes. Figure 6 compares the
oxygen permeability coefficient of Opulent™ with PS, PP, PC, LLDPE, PET and PVC films and shows that
TPX™ offers gas permeability that is an order of magnitude higher as compared to other polymers.
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Figure 6: The gas permeability of Opulent™ films is much higher as compared to other polymers
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Chemical and Steam Resistance

TPX™ shows superior chemical resistance as compared to polycarbonate and acrylic polymers. It offers
excellent resistance against acids, alkalis and alcohols due to its stable C-C bonds. Opulent™ TPX™
release films are therefore suitable for various applications that require chemical resistance. In
addition, TPX™ exhibits very low water absorbance and does not swell up when exposed to a hot and
humid environment. It does not hydrolyze in boiling water and is therefore suitable for applications
that require steam sterilization.

Light Weight

The density of TPX™ is the lowest among thermoplastic polymers, and its specific volume is larger than
that of other transparent polymers. The low density of TPX™ allows production of light-weight
Opulent™ films that help reduce production and transportation costs. Figure 7 compares the density
of various plastic film materials and Figure 8 compares the thickness of stacks of film of equal size and
weight made from TPX™ and PTFE.
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Figure 7: Density comparison for various plastic films; Opulent™ TPX™ has the lowest density
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Figure 8: Comparison of stacks of Opulent™ and ETFE films of equal size (5 cmx5 cmx50 um) and weight

Health, Safety and Environment

TPX™ is a halogen-free polymer denoted as an environmentally friendly material. It can be safely
disposed of through incineration. Opulent™ TPX™ films are free from plasticizer and silicone
contamination. Approved TPX™ grades meet the FDA and EU regulations and conform to the JPN
standards. Their films would be ideally suited for production of food wraps, food preservation packs,
baking cartons and microwavable containers.

Applications

Opulent™ film softens at 40°C (104°F) and can easily conform to complex geometries. This cushioning
property, along with the films high heat-resistance, makes Opulent™ ideal for various methods of Fiber
Reinforced Plastic (FRP) production including press forming, autoclave molding, and Vacuum-assisted
Resin Transfer Molding (VaRTM) as shown in Figure 9. The high releasability of Opulent™ ensures high
transferability and requires less frequent cleaning of the mold.
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Figure 9: Opulent™ release films are well suited to various methods of FRP production
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Prepregs made from textile, carbon fiber and other reinforcement materials show excellent
transferability from Opulent™ release films as shown in Figure 10.

Figure 10: Textile and unidirectional carbon-fiber prepregs show excellent releasability with no
wrinkling or other defects

Opulent™ is also widely used in the production of flexible print-circuit board (FPC) as a release film.
Opulent™ has recently found new applications in the medical field due to its excellent gas and vapor
permeability. Table 1 summarizes some applications of Opulent™ across various industries.

CMarket | Appikaton

FRP Press forming, Autoclave molding, Vacuum assisted resin transfer molding

Medical Medical Adhesives, Bacterial culture, Medical product testing, Medical
packaging

Electronics Electronic board production, Semiconductor encapsulation, Flexible print-
circuit, LED packaging, Photovoltaic production

Printing Printing transfer

Food Confectionery production, Vegetable, fruit and flower packaging, Food wrap

Table 1: Applications of Opulent™ across various industries
Opulent™ TPX™ film is available in single layer and multi-layer configurations for various applications.

X-Series CR-Series
X-44B,X-88B CR1012, CR1012MT4
CR2050MT6, CR2101RMT7

l 1 TPXTV
| TEXT / l Flexible resin lay

TPXT™
T 25, 50, 100pm 100, 120, 150pm

Figure 11: Structure diagram for single layer and multi-layer Opulent™ release films
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Physical Properties

The table below summarizes the physical properties of various Opulent™ single layer and multi-layer

films.
X-Series
Grade X-44B X-88B X-88BMT4
Thickness 25um 50um 50um 50um
Item Unit Gloss Gloss Gloss Bcr)\f:tst(iede
. MPa
Yield strength JIS K7127 26 26 33 30
(MD)
Softening Temp. °C Tohcello*1 43 43 55 55
0, -
Thermal dimensional %(MD) Tohcello*2 22 17 19 0-5
change ratio % (TD) 1.8 1.2 1.4 0.3
CR-Series
Grade CR1012 CR1012MT4 CR2050MT6 | CR2101RMT7
Thickness 150um 150um 120um 100um
itemn Unit Gloss Matte Matte Matte
Both side Both side Both side
. MPa
Yield strength JIS K7127 20 17 22 20
(MD)
Softening Temp. °C Tohcello*1 43 43 50 48
Thermal dimensional | % (MD) Tohcello*2 0.9 0.4 1.7 -1.0
change ratio o/ (1) 1.2 0.6 0.4 1.0

This numerical value is a representative value and no standard value.

*1: Softening temperature is the temperate at which the tensile modulus reaches 300 MPa.

*2: Film specimen are heated in an oven and the dimensions are measured after cooling to room temperature.
Test specimen: 300mm x 300mm
Thermal dimensional change ratio = (dimension after heating — original dimension) . original dimension x 100

Heating condition: 170°C, 30min.

Table 2: Physical properties of various Opulent™ single layer and multi-layer films
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Conclusions

TPX™ release films offer a superb balance of heat resistance, releasability, and a host of other
properties summarized in the table below:

TPX™ Release Films Property

Good Releasability Surface tension 24 mN/m

High Heat Resistance Max. use temp. ~200°C (392 °F)

Light Weight 830 kg/m3

Chemical resistance Resistant against acids, alkalis and alcohols
Water/Steam resistance Water absorption rate is extremely low
Gas permeability 10x larger than PE

Low contamination Silicone free

Water Resistance Low water absorption

Environment friendly Fluorine free

High transparency Haze < 5%

Dielectric constant € 2.1 @ 12GHz
Low dielectric and electrical loss  Electrostatic tangent tand < 0.001 @ 12GHz

Table 3: TPX™ release films properties

In the electronics industry, Opulent™ improves releasability of the molded part in the production of
encapsulated semiconductors, LED packaging, PCBs and FPCs. In the production of FRP, Opulent™ can
be applied to complex, uneven surfaces at elevated temperatures to ensure complete transferability
and good releasability. In vegetable and fruit packaging, the high gas permeability of Opulent™ helps
extend the shelf-life of the product.

Opulent™ leverages the excellent physical properties of TPX™ to improve release film performance.
TPX™ is a versatile material suitable for numerous other applications. To find out more about Opulent™
or TPX™ get in touch with us today.

Request a sample of TPX™ MX004 Product Today

CONTACT MITSUI CHEMICALS
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