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Thermoplastic and thermosetting resins  

Themosetting resins Hardens if heated. 

Themoplastic resins If  heat is applied, it becomes "plastic". (softens, melts) 

Mold 

Melted raw materials 

Coolig Product 
Chocolate Type 

resin 

Polyethylene, polyvinyl chloride, ABS, nylon, etc. 

Liquid raw materials  

Mold  

Heating 
Products 

From "Plastic" by Isao Sato (published by Natsumesha) 

Cookie type 

resin 

Epoxy, phenol, melamine, silicone, etc. 



3 

Thermoplastic resins If  heat is applied, it becomes 
"plastic". (softens, melts) 
 

Melting  

at high temperature Casting 

Molded products 

Cooling 

An Example of manufacturing process 

Diversity of  

Molded Products 

(1) If reheated... (2) Secondary processing 

is also available 

Heated mold 

Pressed and 

cooled 
Secondary 

moldings 

Remelting 

Dissolving 

Heati

ng 

(3) Adding solvents... 

Pellets 

(solid) 

Special equipment required! 
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Thermosettig  resins Hardens if heated. 

An Example of manufacturing process 

 

Heating 

Feature 

Molded product 

Forming  

cured product 

 No special equipment  

is required! 
Raw material is liquid 

ŸEasy Mold Casting 

Re-processing or recycling is not possible, 

and disposal, etc. becomes difficult.  

Strong point 

Å Easily formed because the raw 

material is in liquid form. 

Å No high temperature melting 

required. 

Å Molded product molecular structure 

is netlike. (Cross-linked structure) 

Å High strength, high heat resistance 

Weak point 

Å  Lack of diversity 

Å Both remelting and secondary 

processing are impossible.  

Å Not soluble in solvents. 



Strong points of thermoplastics  
or thremosetting plastics 

ÅStrong points of thermoplastics 
1. The moldings are highly diverse. 
2. For examplecan be melted by reheating, and has 

high recyclability and reusability. 
 

1. Strong points of thermosetting plastics 
2. Good handling before molding. 
3.  No special equipment is required to produce molded 

products. 
4.  Easily composited with fillers and fibers, creating a 

variety of composite materials and FRPs. 
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Themoplastic epoxy is Derivatives of 
conventional (thermosetting) epoxy resins 

Thermosetting resins 

Thremoplastic epoxy 

Themoplastic resins 

Thermoplastic epoxy 
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First, 

Conventional (thermosetting) 
epoxy resins about... 
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Epoxy  
resins 

ÅCompounds with epoxy groups 
ÅLiquid or semi-solid 

Base resin 

Hardener 
Reacts with epoxy resin to 
polymerize and solidify 

Amines, Acid 
anhydrides, etc. 

 The part reacting with epoxy groups 

Epoxy group 

₈ ◄ⱳ◐◦ ₉╟╡ 

₈ ◄ⱳ◐◦ ₉╟╡ 



 There are multiple patterns of reactions. 
₈ ◄ⱳ◐◦ ₉╟╡ 

 Reaction of primary amine with epoxy group 

 Reaction of the generated secondary amine with epoxy group 

Reaction of formed hydroxyl group 

with epoxy group 



Hydroxyl 
group 

Secondary 
amine 

₈ ◄ⱳ◐◦ ₉╟╡ 

 Addition to hydroxyl group 

 Addition to secondary amine 

 (a) Linearly growing 

 (b) Branching growing 



 Complex reaction in 3-D direction 
₈ ◄ⱳ◐◦ ₉╟╡ 

 (c) Formation of cross-linking structure 



Because of the complex 
reactions involved, it takes 
time for the epoxy resin 
reaction to progress. 

₈ ◄ⱳ◐◦ ₉╟╡ 

Curing time (hr) 

R
e

a
c
ti
n

g
 r

a
te

 (
%

) 

Epoxy group 

Carboxyl group 



Because epoxy resins have a strong 

structure due to complex cross-linking 

reactions, high mechanical strength and 

excellent chemical resistance, cured 

material properties can be expected. 

However, some cured resins are brittle. 



About thermoplastic epoxy resin 
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Epoxy = thermosetting resin, but...  

The revolutionary resin that defies common sense! 

Raw material  

is liquid 

ŸEasy molding 

Heating 

Cooling 

Epoxy in this study 

Heated mold is 

pressed and cooled Secondary 
Molded 
Products 

Molded products are thermoplastic 

Soluble in solvents 
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The revolutionary resin that defies common sense! (1) 
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The revolutionary resin that defies common sense! (2) 
 

Plastics Polyfile High Polymers, 

Japan (Kobunshi) 
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♫●☿◔ⱶ♥♇◒☻ HP 

2015 Adhesion Society of Japan Technology Award 
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For example, here is how it is used. 

Raw material 
is liquid 

Cured material 
is thermoplastic 

The cured 
product is 

high- strength. 

Molding can be done 
without special 
equipment 

Easy 
manufactuiring of 
thermoplastic 
moldings 

Easily 
composited with 
reinforced base 

materials 

As composite 
materials such as FRP 

Resin-based molding 

compounds 

Secondary 
processing is 
possible 

Products that 
required individual 

differences. 

Sports, 

welfare, 

childcare 

products, etc 

Dissolved in 
solvent 

As composite 
materials that can be 

separated and 
disposed of separately 

Eco- 

Friendly  

Impact resistance 
superior to 

polycarbonate 

As lightweight 
components for 
vehicles, etc. 

Melts with heat 
As modifiable and 

degradable adhesives 
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New resin concept 

Raw material 

Low viscosity 

liquid monomer 

Features of 

Thermosetting Resins 

Low molecular weight 

monomer state 

Linear 
polymerization 

Cured product 

Non-cross-linked 

Å Heat deformable 

Å Solvent soluble 

Features of 

Thermoplastic Resins 

Non-cross-linked, 

linear structure 

Cross-linking and 

network structure 

on-site 
polymerization 
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Form of thermoplastic epoxy resin  

Same 

form 

Same 

form 

Thermosetting Resins 

Low molecular weight liquid. Low viscosity at room temperature. 

Gelation by coarse network formation. 

Network formation becomes dense and 

fully cured. 

Heating 

Heating 

Themoplastic epoxy resin 

Solidifies at room 

temperature due to 

increase in 

molecular weight 

(oligomerization). 

Fluidity is expressed at high temperatures. 

Further increase in molecular weight 

(linear polymerization). 

Re-liquefaction at extremely high temperatures. 

Heating 

Heating 

Thermoplasitic Resins 

Linear polymer 

Linear polymer 

Linear polymer. 

 Solid at room temperature. 

Heating 

Heating 
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Thermosetting epoxy resin Thermoplastic epoxy resin 

Forms 3-D networks Forms long linear 

polymers 
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Polymerization mechanism of 
thermoplastic epoxy resins  

Epoxy 

O O

O O
n + 

Phenol 

HO OHn 

Sequential 

reaction 

Cat. 

Alternating epoxy and phenol 

introducedLinear structure 

O O O

OH

O

OH
n

No cross-

linking 

point 

Decreased cured 

material strength? 

Aimed for larger 
molecular weight.  

Linear structure  
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Molecular weight of cured thermoplastic epoxy resin 

Relationship between polymerization time and 

weight average molecular weight 
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After polymerization, it has the same 

structure as phenoxy resin. 

The molecular weight of commercially 

available phenoxy resins is about 8000. 

However, the molecular weight of 

thermoplastic epoxy resin cured 

products eventually increased to more 

than 250,000. 
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Relationship between polymerization temperature and Mw 
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Relationship between each polymerization 

temperature, time and Mw 

Heating time (min) 

There was an optimum 

temperature for 

polymerization. 
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Molecular weight dependence 

of mechanical properties 

0

20

40

60

80

100

120

0 10000 20000 30000 40000 50000

Mw

0

500

1000

1500

2000

2500

3000

0 10000 20000 30000 40000 50000

Mw

0

1

2

3

4

5

6

7

0 10000 20000 30000 40000 50000

Mw

^

20 30 

45 

60 
90 

120 

Curing time 

Molecular weight and 

flexural strength 

Molecular weight and flexural modulus 

Molecular weight and Flexural strain 



76000

80
150

300

1700
4000

15000

638

25
3545

186000

1

10

100

1000

10000

100000

1000000

0 20 40 60 80 100 120 140

Temperature-viscosity relationship of raw resin 

Low viscosity by heating 

the main resin 

Curing accelerator is 

added and mixed 

Polymerization 27 

Temperature-viscosity relationship of raw resin 

Temperature  

V
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Temperature-time-viscosity relationship of 

thermoplastic epoxy resins 

Viscosity change over time (curing accelerator added at 0 min) 
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Initially (0min), the 
higher the 
temperature, the 
lower viscosity 

The higher the 

temperature, the 

faster the viscosity 

increase. 

Measurement of viscosity 

change after the addition of 

a curing accelerator 

Curing accelerator 

is added. 28 Time (min) 
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Excellent Mechanical Strength of Thermoplastic 
Epoxy Resins Ū (Flexural Strength)  

There was no indication that thermoplastic epoxy = inferior strength. 
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Fracture toughness test, K1C 
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Fracture toughness test,  K1c 

Excellent mechanical strength of thermoplastic epoxy resins (2) 

(fracture toughness) 

TP Epoxy 

ҜHigh fracture toughness value 
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Izod impact test 

Test piece 

Notch 



Excellent mechanical strength of thermoplastic epoxy 
resin  (Izod impact) 
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Adhesion Testing 

Adhesive area = 10 x 25 mm2, pull speed = 5.0 mm/min, room temperature 

Aluminum sheet + Aluminum plate 24.26 N/mm2 

Aluminum plate 

Thermoplastic epoxy CFRP 15.21 N/mm2 

Thermoplastic epoxy CFRP 

Thermoplastic epoxy CFRP 
17.66 N/mm2 

Adhesion comparable to general two- component epoxy resin adhesives 

Trial use of thermoplastic epoxy resin as adhesive 
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Transparent type also available due to improved 

polymerization catalyst 

Old  

Moldings become 

colorless and transparent! 

Improved 

polymerization 

catalyst 

New  

refractive index 1.599 

Abbe's Number 30  

Moldings are reddish 

brown when first 

developed 
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Coloring test (1) 

Molded with pigments 
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Adhesion of commercial paints evaluated by cross- cut method 

CFRTP  W- 3101- 2 ply(Vf 45 vol%)Matrix resin XNR/H 6850 

Coating  Spray- type paint (white) was sprayed on the CFRTP surface. 

Coloring test (2) 

Type Water-based Lacquer

Resin Acrylic Acrylic

Solvebt Water, Ester, Alcohol
Aromatic carbon,

Ester, Alcohol, Ketone

Rsult

1 50 5 50 5 50 5 50 5 5
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Introduction of plasticizers 
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Thermoplastic epoxy, application to FRP 

40 
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What is FRP ?  

Plastic Fiber 

Cloth) 

Fiber 

Reinforced 

Plastic 
FRP 
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FRP's main manufacturing process  

Heating 

Press 

RTM 
(Resin Transfer Molding) 

Pull out 

=Fibers =Resin 

Resin has low viscosity in the resin impregnation process 
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Prepreg system (1)  

There are prepreg and direct methods. 

Prepreg system 

(1) Solvent + resin 

impregnated into cloth 
(3) Stacking 

(4) Heating, pressing, 

and finished 

If solvent remains in the finished FRP, it will affect the 
physical properties. 

Dried cloth  

Ÿ prepreg 

Into the dryer 

(2) Dried to remove 

solvents 

Strong point 

Weak 

point 

FRP with excellent resin impregnation into cloth and high fiber 
content can be made. 
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Prepreg system (2) 

 ◓ꜝ☻♥♇◒☻ ─HP╟╡ 
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Application of Thermoplastic Epoxy to FRP 
ŃSecondary processing is also possible  

Stacking and 

pressing 

Primary molding 
Secondary 

molding 

Even after FRP conversion 

Secondary processing is possible! 

Prepreg 



Prepreg pressing condition search 
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Pressing at 150°C for 10 

minutes is sufficient. 
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1) One piece of cloth 

impregnated with 

solvent-free resin 

Direct system  

(1) Cloth is stacked and 

then impregnated with 

solvent-free resin. 

Heating

 

2)Stacking 

Unaffected by residual solvents in FRP. 

The viscosity of the resin must be reduced for 

impregnation. 

(3) Heating, pressing, 

and finished 

or 

Strong point 

Direct  

and prepreg system 

Weak 

point 

Direct system 
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Properties Required of Matrix Resins for FRP  

Fiber 

impregnation 
Heating 

Low viscosity 

before Heating Chemically rigid 

skeleton 

Matrix  
Ӛ 

Thermosetting 
resin 

FRP-

ization 

Excellent 

mechanical 

strength 
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Problems in Thermosetting Resins  

Thermosetting resin 

No melting after heat treatment 

Untransformable 

Secondary processing 

is not possible. 

Insoluble in solvents after 

heat treatment 

Cannot recycle or reuse 

Not environmentally friendly 

Matrix  
Ӛ 

Thermoplastics  
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Application of Thermoplastic Epoxy to FRP  
-  Comparison of Flexural Strength of CFRP (Carbon Cloth)  
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Application of Thermoplastic Epoxy to FRP  
-  Excellent Adhesion to Carbon Fiber -  

TS Epoxy Polyester 

Nylon TP Epoxy 

Thermoplastic epoxy has excellent adhesion to carbon fiber! 



Strength of CFRP 
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βResin blends well with fibers and adheres strongly. 

Resin is impregnated deep into the fiber without gaps. 

ҜLow viscosity of resin during impregnation. 

High resin adhesion. 

ҜSubstances that are also used in adhesives are desirable. 

Thermoplastic epoxy is advantageous! 
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Application of Thermoplastic Epoxy to FRP  
- Dynamic Viscoelastic Behavior of GFRP -  

Thermoplastic 

Thermoplastic 

epoxy does not 

have symmetrical 

tanŭ peak 

Storage modulus 

drop is more severe 

with thermoplastics 

than with 

thermosetting 

Polyester GFRP 

TS Epoxy GFRP 

TP Epoxy GFRTP 

Thermosettinng 
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Dynamic Viscoelasticity Data 

Thermosetting Thermoplastic 

SII Application Brief, DMS No.29(1995.3), DMS No.34(2005.6)   



Recyclability and reusability 

55 



Recycling of CFRP (Company A's case -1) 

56 Bake anyway, orthodox method 



Recycling of CFRP (Company A's case -2) 
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It used to be boldly spoken of at exhibitions and other 

events, but it is no longer in operation, apparently. 



Recycling of CFRP (Company B's case -1) 
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Heating with high boiling point liquid  



Recycling of CFRP (Company B's case -2) 
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Recycling of CFRP (Company B's case -3) 
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Copper foil can be 

successfully 

separated. 



Recycling of CFRP (Company B's case -4) 
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Recycling of CFRP (Company B's case -5) 
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After decomposition of waste CFRP, the solvent 

solubility of the resin content was investigated by 

Banyoh Chemical Institute LLC!  

Resin content 

Dissolution tests with 

various solvents 

Dissolved only in methyl cellosolve. 



63 

Company B has excellent technology, and a 

certain university professor has praised it highly. 

However, the problem is that the president is 

eccentric. In addition, the president is also quite 

old, so it would be a good idea to buy the 

technology and other aspects of the company B 

at an early stage ! 

Special Remark ! 



Recycling of CFRP (Company C's case -1) 
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Conventional method (external heat type is the mainstream) 

Developed hot-air cyclone recycling method 



Recycling of CFRP (Company C's case -2) 
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Recycling of CFRP (Company C's case -3) 



Recycling of CFRP (Company C's case -3) 
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Company C is technologically newer, but 

also processes less at this stage. There are 

also significant ethical issues with the 

president. 



Recycling of CFRP 

In the case of thermoplastic epoxy 

68 
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Application of Thermoplastic Epoxy to FRP   
Resin part dissolves in polar organic solvent (1)  

 

 

Before 

immersion 

in solvent 

 

Immersed in 

acetone (polar 

solvent) for 3 

days 

 

Immersed in 

toluene (non-

polar solvent) 

for 3 days 

Fibers and resin 

are separated  

 

After  

 

No Change 



Immersed in acetone  
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Before 

After  

Application of Thermoplastic Epoxy to FRP   
Resin part dissolves in polar organic solvent (2)  
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In the case of CRFTP 
Carbon fibers  

can be recovered. 

In the case of GFRTP 

Separate burnable 

and non-burnable 

materials. 
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Resin content 

successfully 

dissolves in 

solvent 

Expected to be 

used for paints, 

etc. 

Since we have not yet conducted 
any practical application studies, 

the technology is still in the future.  

Now you can  
do it and win!  



A funny story about CFRP recycling 

73 



74 

From Carbon Fiber Association of Japan "Carbon Fiber 
Sustainability Vision F 

Facility to bake CFRP at 2,800 C 
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At Fukuoka Prefectural Office, December 2009  

Fukuoka Prefecture is working on carbon fiber 
recycling under the governor's initiative, and has 
even built a plant.  
However, we do not know what the recycled 
carbon fiber products are used for.  
What can they be used for?  
Isn't there something? Suggestions!  

Fukuoka 
Prefecture 
Employees  

In the first place, in order to manufacture 
recycled products, we need scrap and end 
materials of CFRP as raw materials, but 
have you secured a route for them?  
Without that, nothing can begin.  

 


