
N e w  m o l d i n g  m e t h o d  f o r  F R P

TM method

MONOPOST Inc.
Banyoh Chemical Institute LLC

Assistance Thermal expansion
Microcapsule Molding Method

1



What is FRP?

Fiber

＋

Plastic

Reinforced

Fiber

Reinforced

Plastic
FRP is one of composite material 

consisting of fiber and plastic.
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The methods of molding for FRP

Wet method and dry method have been established.

Wet method FRP is produced by impregnating liquid resin 
into fiber directly.
Hand lay up, Filament winding, RTM, Spray 
up, Cold press, etc.

Dry 
method

1. Preparing intermediate material which is called 
prepreg consisting of liquid resin and fiber.

2. FRP is made from prepreg.
3. High fiber content is attained easily.
Vaccum back, Autoclave, Sheet winding, SMC, etc.

3



Press molding by prepreg

①Preparing prepreg
（Resin has not cured.）

②Prepreg is inserted into 
mould and applied with 

heating and pressing.
（Rerin cured by heating.）

③Taking out FRP from 
mould.

Pronlems!
1. This method is not able to apply for precise molding, 

because some gap are occurred between prepreg and 
mould.

2. Some voids are also occurred. 4



Autoclave method

Pressing by high 
pressure air or gas.

The power spreads to every corner and 
good molding can be done.

※平野啓之、熱硬化性CFRPの成形法と材料への要求、ネットワークポリマー、Vol.36、No.1、2015、p.38-46
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Prepreg

Stacking

Applying pressure by gas. Bagging Film

Substrate Vacume



The problem of Autoclave method

※羽生田製作所HPより

The equipment is high expensive.
The equipment inside is too small. 6



Thermal expandable microcapsule!

7※クレハマイクロスフェアーのカタログより

Before heating
(specific gravity=1.1)

Before heating
(specific gravity=0.02)

Heating

Chainging of outer daimeter

3-5 times

Thickness of shell (before forming)

about 3-15μm

Thickness of shell (after forming)

0.1-0.5μm

Themperature at starting forming

about 90-210℃

Temperature at max forming

about 125-250℃

Shell=Thermoplastics

About 15-50μm
Internal=Mainly aliphatic 

hydrocarbons

Heating

Solidification of 
the shell stabilizes 
the shape.

It shrinks due to 
internal gas 
leakage.

This power is available for molding!

Expansion!



Molding with microapsule

①The microcapsules 
are placed in a 
polyethylene bag and 
sandbag-like.

Heating

②When heated, the 
polyethylene bag 
melts and the 
microcapsules expand.

Heating

③Further heating 
causes the 
microcapsules to shrink.

Batten

Prepreg

Mould

Microcapsules in a 
polyethylene bag

Heating

Molding by expanding 
of microcapsules

Heating

Shrinkage of the 
microcapsules 
facilitates demolding.

8



Details of TM method
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Configuration feature points (limited items)

1. Preparing prepreg and demolding materials on the 
mould.

2. Preparing heat expandig filler and other powder.

3. Closing the mould.

4. Heating inside of mould and exhausting of the air 
between prepreg and inside of mould.

5. Microcapsules expand.

6. The molded product has been completed.



Details of TM method(Process 1)
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Preparing prepreg

and demolding materials 

on the mould.

Mould



Details of TM method(Process 2)
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Heat expandig filler 
(Microcapsules）

＋

Other powder

Polyethylene bag



Details of TM method(Process 3)
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Closing the mould.



Details of TM method(Process 4)
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Heating

Heating inside of mould and 
exhausting of the air between 
prepreg and inside of mould.



Details of TM method(Process 5)
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Microcapsules expand.



Details of TM method(Process 6)
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The molded product 
has been completed.



TM method（Patent JP-6405433)

16



Advantages of TM method

Using Powder⇒Complex molding is possible.

Just cover the mold

⇒Mass production is possible

Mould by 3D printer is available.

⇒ It can be molded in the air or space.

Unnecessary Autoclave

⇒There is no limit to the size.
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Examoles➊
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Olympic athlete shoes!



Examples➋
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