Introduction
IUPIACE
Iupiace (modified PPE resin) is an amorphous engineering plastic, which is developed by Mitsubishi Gas Chemical Co., Inc., with its unique
technologies and whose main components are the polyphenylene ether (PPE) and polystyrene (PS). It has a good balance of electric
property, flame resistance, heat resistance, dimensional stability, moldability, and other properties. Additionally, its specific gravity is the
lowest among engineering plastics. It is UL-approved and is used for the mechanism parts of home appliances and in electric/electronic office
automation equipment, such as the chassis of office automation equipment. It is also used for a wide range of applications, such as
automotive exterior parts and water related parts, including pumps by taking advantage of its hot water resistance.

Wide range of heatproof temperature
Thermal deformation temperature can be adjusted widely by
changing the mixing ratio of PPE and PS.
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Low specific gravity
Iupiace has the lowest specific gravity among engineering
plastics and enables weight saving.

High electric property-1
The dielectric breakdown strength of Iupiace is the highest
among engineering plastics and the insulation property is
excellent.

High electric property-2
The electric permittivity and dielectric tangent of Iupiace are
the lowest among engineering plastics.
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High self-extinguishing property
Iupiace has a high oxygen index and is easy to add flame resistance.
A wide range of frame resistance grades (HB, V-1 and V-0) is
available.

High dimensional accuracy
Iupiace has the lowest linear expansion coefficient among
engineering plastics and offers excellent dimensional accuracy.

LEMALLOY
LEMALLOY has sea-island structure. Matrix phase is crystalline resin, such as a polyamide resin (PA) or polypropylene resin (PP) and
domain structure (in the matrix phase) is polyphenylene ether resin (PPE). This resin has the chemical resistance and moldability/ workability
of a crystalline resin and the dimensional stability and stiffness at high temperature of an amorphous resin together. It is therefore used in
various environments. In automotive applications, it is frequently used for electric components, such as the junction box and connectors in an
engine compartment, by taking advantage of the chemical resistance of a crystalline resin and the characteristics of PPE, such as low specific
gravity and low water absorption.
LEMALLOY is an alloy made of PPE and a crystalline resin,
PA or PP.

Because of the sea-island structure of alloying, the alloy has a better
oil resistance than PPE/PS. Its features include higher stiffness at
high temperature and lower water absorption rate than PA.
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Features
Grades for a wide range of heatproof temperature and various applications are available.
■Features of Iupiace
● Stiffness, impact resistance, fatigue resistance, and other properties are stable over a wide range of temperature.
● Because of excellent insulation property and low electric permittivity/dielectric tangent, it is optimal for electric
applications that require insulation.
● It has a low water absorption rate while the change in physical properties at saturated water absorption is small.
● It has a high deflection temperature under load and excellent thermal stability while the decrease in physical
properties due to heat treatment is small.
● Because of self-extinguish property and excellent flame resistance, it is optimal for electric applications.
● Weight saving is possible due to a low specific gravity.
● It is suitable for precision molding since its mold shrinkage factor is small and it is insusceptible to molding conditions.
● It covers a wide range of heatproof temperature.

■Features of LEMALLOY
● LEMALLOY has a high deflection temperature under load of 150°C or higher (at 0.45 MPa) even for its unreinforced
grade.
● It has an excellent impact resistance.
● It has a chemical resistance equivalent to that of a polyamide resin or polypropylene resin.
● LEMALLOY have better dimensional stability compare to polyamide.
● It has an excellent flow property.
● When compared to those of a polyamide resin, it has lower water absorption rate and specific gravity.
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General Purpose Grades
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Reinforced Grades
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Applications
Iupiace® and LEMALLOY® are used in various fields from automobile parts to
electric/electronic parts and medical devices.
Housing
equipment
Household use

Lighting parts, TV housing, Air conditioner parts, Gaming machine parts
Refrigerator parts, Smartphone, Air purification device parts
NB personal computer parts, AC adaptor, Tablet, Battery charger parts

Infrastructure/
Installation

Underground piping parts, Tunnel parts, Road security parts
Water purification equipment parts, Automatic vending machine parts
Elevator parts, Medical device parts, Semiconductor equipment parts
Battery manufacturing facility parts, Money changer parts
Control instrument parts

Other applications
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Photovoltaic parts, Boiler parts, Battery parts, Water meter parts, Piping parts
Floor heating parts, Washing toilet seat parts

Copier parts, Printer parts, Connector, IC tray, Insulating film
Terminal block, Sensor, Motorboat parts, Wire coating, Inverter
Pump parts, Dish tray, PC parts, Inlet, Scanner parts, LED frame

Physical Properties
Temperature dependence of Iupiace
The physical properties of Iupiace were measured at a temperature range of -30°C and 80°C and the results are shown below.
The unreinforced grades show reduction in stiffness, such as tensile strength and elastic modulus at high temperature; however,
they show increase in toughness such as elongation (tensile breaking strain) and impact strength.
Additionally, the reinforced grades have a lower temperature dependence of various physical properties when compared to the
unreinforced grades.
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■ Tensile strength of unreinforced grades

■ Tensile breaking strain of
unreinforced grades

■ Charpy notched impact strength of
unreinforced grades

■ Flexural strength of reinforced grades

■ Flexural modulus of reinforced grades

■ Charpy notched impact strength of
reinforced grades

Heat and aging resistance property of Iupiace (1) (Unreinforced grade)
The unreinforced grades of Iupiace were heat treated under high-temperature atmosphere and their physical property values are shown
below. The tensile strengths show no decrease due to heat treatment at 100°C or lower. The tensile elongations (tensile breaking
strains) show decrease temporarily due to heat treatment and stabilize after that. Additionally, there is no substantial decrease in impact
strength at 100°C or lower. Finally, the dimensional shrinkage factors due to heat treatment are shown below. The dimensional
shrinkage factor at 125°C or higher is 1% or lower and it can be seen that the dimensional change is small even under high temperature.
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■ Changes in tensile strength
by heat treatment

■ Changes in tensile breaking strain
by heat treatment

■ Changes in charpy notched impact strength
by heat treatment

■ Changes in dimensional shrinkage
by heat treatment

Heat and aging resistance property of Iupiace (2) (Reinforced grade)
The reinforced grades of Iupiace were heat treated under high-temperature atmosphere and their physical property values are shown below.
The reinforced grades of Iupiace have very small change in flexural strength, elastic modulus, and impact strength and show excellent heat
resistance. Additionally, although the change in the dimensional shrinkage factor is small, anisotropy of the dimensional shrinkage factors
occurs in the MD direction and TD direction.
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■ Changes in flexural strength
by heat treatment

■ Changes in flexural modulus
by heat treatment

■ Changes in charpy notched impact strength
by heat treatment

■ Changes in dimensional shrinkage
by heat treatment

Hygrothermal property of Iupiace (1) (Unreinforced grade)
The unreinforced grades of Iupiace were kept at high temperature and humidity (85°C and 85% RH) for a prolonged time, and the
changes in water absorption rate and physical properties are shown below. The unreinforced grades of Iupiace show low water
absorption rates. The saturated water absorption rates are below 0.12% and they absorb almost no water. Although the tensile
elongations (tensile breaking strains) show decrease temporarily, they stabilize after that. There is no decrease in tensile strength
and the Charpy impact strengths are stable. They also have high humidity and heat resistance.
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■ Changes in water absorption rate
by steam treatment at 85°C , 85%RH

■ Changes in tensile strength
by steam treatment at 85°C , 85%RH

■ Changes in tensile breaking strain
by steam treatment at 85°C , 85%RH

■ Changes in charpy notched impact strength
by steam treatment at 85°C , 85%RH

Hygrothermal property of Iupiace (2) (Reinforced grade)
The reinforced grades of Iupiace were kept at high temperature and humidity (85°C and 85% RH) for a prolonged time and the
changes in water absorption rate and physical properties are shown below. Similar to the unreinforced grades, the reinforced grades
of Iupiace show very low absorption rates and have stable mechanical properties even under high temperature and humidity.
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■ Changes in water absorption rate
by steam treatment at 85°C , 85%RH

■ Changes in tensile strength
by steam treatment at 85°C , 85%RH

■ Changes in tensile modulus
by steam treatment at 85°C , 85%RH

■ Changes in charpy notched impact strength
by steam treatment at 85°C , 85%RH

Fatigue property and creep property of Iupiace
The bending fatigue property and bending creep property of Iupiace are shown below.
In general, the fatigue limit stress is defined as the stress at which the specimen breaks after applying vibration of that level for 10 to
the 7th (1.E+7) times and the fatigue limit stress of the unreinforced grades are 10–15 MPa. For the reinforced grades, the fatigue limit
stress becomes higher when the GF content is higher. Additionally, the change in the creep property is less for the reinforced grades.
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■ Bending fatigue properties of unreinforced grades

■ Bending fatigue properties of reinforced grades

■ Bending creep property of AH60

■ Bending creep property of GH30

Recycling property of Iupiace
The unreinforced grades and reinforced grades of Iupiace were molded with a recycle rate of 25% and 100%. The retention rates
are shown below. For the unreinforced grades, there is no decrease in the tensile strength when the recycle rate is 100%. However,
the tensile elongation and impact strength becomes lower. Additionally, for the reinforced grade, the strength decreases
substantially when the recycle rate is 100%.
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■ Retention rate of tensile strength in
recycling LN60

■ Retention rate of tensile breaking strain in
recycling LN60

■ Retention rate of charpy notched impact
strength in recycling LN60

■ Retention rate of tensile strength in
recycling GH30

■ Retention rate of tensile breaking strain in
recycling GH30

■ Retention rate of charpy notched impact
strength in recycling GH30

Flow property of Iupiace (1) (Unreinforced grade)
The flow properties of the unreinforced grades of Iupiace are shown below. It can be seen that the flow properties of Iupiace are
influenced substantially by the resin temperature and injection pressure. Although the influence on the flow properties by the mold
temperature is less than those by the factors above, various adverse influences such as increase in the residual strain in a molded
product and decrease in the luster on the appearance of a molded product may occur when the mold temperature is too low.
Therefore, adequate molding conditions must be set.
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■ Resin temperature vs Flow length

■ Injection pressure vs Flow length

■ Mold temperature vs Flow length

■ Resin temperature vs Flow length

■ Injection pressure vs Flow length

■ Mold temperature vs Flow length

Flow property of Iupiace (2) (Reinforced grade)
The flow properties of the reinforced grades of Iupiace are as show below. For the reinforced grades of Iupiace, as is the case with
the unreinforced grades, it can also be seen that the flow properties of Iupiace are influenced substantially by the resin temperature
and injection pressure.
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■ Resin temperature vs Flow length

■ Injection pressure vs Flow length

■ Mold temperature vs Flow length

■ Resin temperature vs Flow length

■ Injection pressure vs Flow length

■ Mold temperature vs Flow length

Physical Properties
Temperature dependence of LEMALLOY
The physical properties of LEMALLOY were measured at a temperature range of -30°C and 80°C and the results are shown
below. Although they show reduction in stiffness such as flexural strength and elastic modulus at high temperature, they show
improvement in toughness such as elongation and impact strength.
■ Flexural strength
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■ Flexural modulus

■ Charpy notched impact strength

Heat and aging resistance property of LEMALLOY
LEMALLOY resins were heat treated under high-temperature atmosphere and their physical property values are shown below.
Although the tensile strengths and tensile elongations (tensile breaking strains) show no substantial decrease at 100°C or lower,
they show substantial decrease at 125°C. Additionally, the dimensional shrinkage factors due to heat treatment are shown below.
Crystallization progresses around 80°C and the dimensional shrinkage factors increase, but there is almost no dimensional
change after that.
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■ Changes in tensile strength
by heat treatment

■ Changes in tensile breaking strain
by heat treatment

■ Changes in charpy notched impact strength
by heat treatment

■ Changes in dimensional shrinkage
by heat treatment

Hygrothermal property of LEMALLOY
LEMALLOY resins were kept at high temperature and humidity (85°C and 85%RH) for a prolonged time, and the changes in water
absorption rate and physical properties are shown below. LEMALLOY is an alloy material of polyphenylene ether and polyamide
resin. Therefore, its water absorption rate is high because the polyamide part absorbs water.
Additionally, when LEMALLOY is placed at higher temperature for a prolonged time, it shows degradation in the physical properties.
Therefore, use of LEMALLOY at high temperature and humidity requires attention.
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■ Changes in water absorption rate
by steam treatment at 85°C , 85%RH

■ Changes in tensile strength
by steam treatment at 85°C , 85%RH

■ Changes in tensile breaking strain
by steam treatment at 85°C , 85%RH

■ Changes in charpy notched impact strength
by steam treatment at 85°C , 85%RH

Recycling property of LEMALLOY
The unreinforced grades and reinforced grades of LEMALLOY were recycled and molded. The retention rates are shown below.
As is the case with Iupiace, LEMALLOY has excellent recycling property and the physical property values such as strength and
elastic modulus show almost no change with a recycle rate of 25% or 100%. Note that the impact resistance decreases substantially
when the recycle rate is 100%.
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■ Retention rate of tensile strength in
recycling C61HL

■ Retention rate of tensile breaking strain
in recycling C61HL

■ Retention rate of charpy notched impact
strength in recycling C61HL

■ Retention rate of flexural strength in
recycling BX503A-1

■ Retention rate of flexural modulus in
recycling BX503A-1

■ Retention rate of charpy notched impact
strength in recycling BX503A-1

Flow property of LEMALLOY
The flow properties of LEMALLOY are shown below. As is the case with Iupiace, the flow properties of LEMALLOY are influenced
strongly by the resin temperature and injection pressure.
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■ Resin temperature vs Flow length

■ Injection pressure vs Flow length

■ Mold temperature vs Flow length

■ Resin temperature vs Flow length

■ Injection pressure vs Flow length

■ Mold temperature vs Flow length

Physical Properties
Chemical resistance (stress corrosion resistance) of Iupiace and LEMALLOY
In order to investigate the chemical resistances of Iupiace and LEMALLOY, they were immersed in a chemical agent while
applying a bending stress of 0 MPa and 20 MPa at 23°C for 48 hours. The results are shown in the table below. The followings
can be seen from this table.
• Iupiace is stable against acids, alkalis, alcohol, inorganic salt solutions, and glycols.
• When stress is high due to oils, halogenated hydrocarbon, etc., cracks or breakage will occur. Additionally, cracks or breakage
will occur due to ketones, esters, etc. even if stress is not applied. Therefore, material selection must be considered when there
is a possibility of contacting with these chemicals.
• LEMALLOY is stable against chemicals other than acids. But cracks or breakage will occur due to acids. Therefore, material
selection must be considered when there is a possibility of contacting with acids.

A : No change in external
appearance
B : Expansion or dissolution
C : Creases or cracks generated
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About molding
1. Molding condition

(1) Pre-drying
Pre-drying of Iupiace is easy because its water absorption rate is smaller and its hydrolysis resistance is superior when compared to other engineering plastics.
For pre-drying of typical Iupiace using a hot air circulating drying machine, the thickness of the pellet layer should be 30 mm or less and the specified temperature should
be kept for 2–4 hours. When using a hopper dryer, use one with a capacity that allows the pellets to be retained for 2–4 hours at the specified temperature.
LEMALLOY requires sufficient pre-drying since its water absorption rate is high.
For pre-drying of typical LEMALLOY using a hot air circulating drying machine, the thickness of the pellet layer should be 30 mm or less and the specified temperature
should be kept for 4–6 hours. When using a hopper dryer, use one with a capacity that allows the pellets to be retained for 4–6 hours at the specified temperature.
Note that discoloration and resin deterioration may occur if the drying time is extremely long.
(2) Resin temperature
Since the optimum molding temperature of Iupiace or LEMALLOY depends on each grade, use the “Table of Molding Condition by Grade” on the next page as a
reference to determine the temperature. In general, the resin temperature is often higher than the nozzle set temperature by 10°C to 20°C. Therefore, before actual
molding, it is recommended to measure the temperature of the molten resin by a test injection and investigate the relationship between the set temperature (resin
temperature) of your molding machine and the resin temperature.
(3) Mold temperature
Since the optimum mold temperature of Iupiace or LEMALLOY depend on each grade, use the “Table of Molding Condition by Grade” on the next page as a reference to
determine the temperature. When the mold temperature is too low, it causes poor luster of the mold product, defective fusion at the weld portion, large residual strain, etc.
Conversely, when the mold temperature is too high and the molding cycle is short, mold release may be difficult due to insufficient cooling or deformation may occur after
mold release.
(4) Injection pressure (primary pressure) and holding pressure (secondary pressure)
Good mold products can be produced with an injection pressure range of 40–150 MPa. Additionally, mold products with smaller residual strain can be produced by
switching to the pressure control to inject the resin under a pressure of a level that does not cause sink when the cavity is injected to a certain level.

2. Actions in the case of molding interruption and after completion

When molding of Iupiace or LEMALLOY is interrupted or stopped, please take one of the following measures.
(1) When molding is resumed within 60 minutes
Leave the cylinder temperature as of the time of molding, replace the resin in the cylinder before resuming the molding.
(2) When molding is interrupted for 60 minutes or longer
Replace Iupiace or LEMALLOY in the cylinder with polystyrene and then decrease the cylinder temperature to 200°C or lower.
(3) When molding is completed
Normally, replace the resin with polystyrene. Additionally, a commercially available screw cleaning agent (such as Tieclean) can be used as the purge agent for Iupiace.
For the information on the use of a screw cleaning agent, please refer to the technical document provided by each cleaning agent manufacturer.
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Drying and molding condition
for each grades
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Note
● The values described are typical values only.
● The usage examples indicated here do not guarantee results applicable to relevant uses of the products.
● It is the users' responsibility to investigate industrial property rights and the terms of use related to the uses and
applications indicated here.
● For the handling (transport, storage, forming, disposal, etc.) of the products, it is advisable to refer to technical
documents and the Safety Data Sheet (SDS) of the proper materials and grades. Please contact us for
consultations when the products are used for the purpose of food containers and packaging, medical parts, safety
equipment, and toys for children.
● In Japan, the colored products of each grade may contain chemicals subject to reporting requirements under the
applicable law provided in Appendix 9 of Article 18-2 of the Enforcement Order, under Article 57-2 of the Industrial
Safety and Health Act. For details, please contact us.
● For the export of our products and products incorporated with our products, please comply with the relevant laws
and regulations, such as the Foreign Exchange and Foreign Trade Law.
● Please note that because of the chemical substance management systems in each country, the chemicals used in
our products are subject to control, and separate applications might be required or are banned from imports and
exports. It is advisable to inquire about the status of regulations in the relevant countries if you are exporting or
importing our products.
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