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Development of New Thermosetting Materials and New Curing Technology
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Thermosetting materials are used in various parts of automotive products for the purposes of adhesion,

insulation, heat transfer and radiation. To cure the materials, most of the energy required for the production

processes is used as thermal energy. Therefore, from the perspective of CO, emissions reduction, it is important to

consider the improvement of energy loss during the curing processes. In light of the situation, we have developed

new materials that can be cured rapidly or at low temperatures in addition to low temperature curing technology.

These developments have led to significant reductions in the CO, emissions derived from curing processes.

Key words: Thermosetting materials, Curing, CO, emission reduction, Laser curing, Rapid curability, Chain reaction

1. FAHMZE

EEp R, N - AL, SRRl K3 2 ML
A, SWEREESER <R 5 Tn b, ZOHB)H
BEOETE, ¥ — b, i, GREEOEE, & S Dl
e EORRICIEEAL, Mg T = 2, FEAIM & & R
PR OB A S h T 5.

I OMBHE, #ERBEROAMENR KNI &,
M4 - I JIRER - #ik - BT - e & OREE IR
HPHCHIETE 5 2 L, Fildh 5 150°CFEEE O LI
BCTUFITZ 5 Z &, R EDRHD 6, HEJHIBMNICE
WCEELAHE N B TH 5.

Table 113, Yt THLD 5 BB H IS & 0, #
A, Mdx T = 2, EAMOFHOMELE L D728 D
TH5. ZZTRUTOZOOHMN S 5.

1) =L EogEkRERSA L, [BE - ¥ —u - EE -
ik E AT

Q) WEERO LM% E S T & THEKER#E, 63T 5

IS BHIMOHMTHOWOhAEARH S L, D

D EOHMZFHIZER S E 25488 b 5.

Table 1 Application and function of organic materials
with an adhesion characteristic

Function Fixation | Sealing 'C;n:_u‘c_tlvefh t Insulation | Protection

Classiication: Part example adiation of hea
Ignition Coil v
components | |gniter v
Electric
equipment Alternator v v v
components
Cooling Radiator v
components

Electronic_ » » L L

. control unit

Electronics

Sensor v v v v

Navigation 1% v v
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Table 2 Breakdown example of the heating energy
consumption

Item Breakdown
The curing of materials 1%
The heating of the part 19%
Radiation of the heat 80%
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Table 3 Energy-saving curing method

Classification Summary

Curing time reductuon by higher temperature

A change of heating

method Partial heating

Simultaneous curing of plural method
Application of high active materials (1 liquid)

Rapid curing materials -
2 components curing system

Concentrated heating for thermoset materials using
laser or high frequency

Heat the part of curing materials and cure the whole curing
materials by self-heat of reaction like a chain reaction

Connection of 2 substrates after UV irradiation

A new curing method

Release of curing set by pressurization

Addition reaction Reaction velocity k;

Base resin + Curing agent — Linear

k
R1—C<—CH2+R2—NH—1>R1—CI—C—NR2 (Reaction 1)

0] OH

Self polymerization reaction ~ Reaction velocity k,
Base resin + Base resin — Net-like structure

Catalyst
R2—NH + CHz— CH — ~ R2NCHz - CH— — RNCHz - CH— (Reaction 2)
Ny~ CHz - CH |
o 2—-CH-
% ?
Chtz - CH -
o)

Fig. 1 Reaction mechanism of epoxy
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Base resin Curing agent

Molecular simulation analysis

Eg__ Transition state

AG*=Eg-Eo

Before reaction

Potential energy

(kcal/mol)

After reaction

Fig. 2 Calculation of the activation energy by the

molecular orbital method
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Fig. 3 Relation between curing time and activation
energy for various curing agents for epoxy
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Table 4 The curing agent and catalyst of each sample

Sample A B [¢} D (Reference)
Base resin Epoxy Epoxy Epoxy Epoxy
) Mercaptan Seé:r%rilrt]i:ry Triazine Polyamide*
Curing agent Secondary o Secondary _
amine amine
eagtion No. @ @ @0 @
Terti Terti Terti Terti
Catalyst a?m:\aerg aﬁn;aerg ;m:]aerg aﬁn%aersy .
Self pol izati
reeéc igﬂng_nza on ® ® ©.® ®
*Multifunctiona
40
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I
s 20
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e 123
s |38 °
£ | C5 10
2 -20¢ ;
< E Reaction® (A, B, C)
! 30t
(kcalfmol) 0 Reactiond (A) 8\“ e
c| 8 30
S| €8 | /. Reaction® (C)
2185 2 Reaction®
Slse (A B, C, D) ,;
E|E | AJ
2
%= = |(kcal/mol) 0 ) " A
38 ( ) Before reaction — Transition state — After reaction

Fig. 4 The Calculation result of potential energy
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Table 5 The examination result of each sample

Sample A B C D (Reference),
Activation energy AG # 30.311 37.258 30.302 38.695
(Addition 1 reaction) kcal/mol| (reaction®) | (reaction@) | (reaction®) | (reaction@)
Activation energy AG ¥ 30.485 30.485 30.485 30.485
(Self 2 polymerization) kcal/mol| (reaction®) | (reaction®) | (reaction®) | (reaction®)
Ln (Reaction Ratio K2/K1)

«AGH — AG s keal/mol 0.174 6.773 12.475 8.210
Cure time, min 68 76 36 360

Elastic modulus G’ r, MPa 6.23 9.55 10.2 30.0
Acd'g’sgj‘/r'ri]’g'}ing distance 661 432 404 132

Tg,°C

(Viscoelasticity) 771 96.6 98.9 120.0
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Fig. 5 The principle of adhesion using laser
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Fig. 6 Schematic of adhesion using laser
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Fig. 7 Curing time vs activation energy
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Table 6 Comparison of rapid curing of EPOXY

Activation

Method Example energy Demerit | Evaluation
High speed Degeneration amine| (kcal/mol) | Stability of Poor
curing agent special EPOXY 25 ~ 35 |preservation
Reaction Organic acid -~
accelerator inorganic compounds| 25 ~ 35 Free Good
3 dimensional curing| Cyanate compounds <
(Third material) aromatic esters =25 Free Very good
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360 Foooooo P
e A i
1.E+02 E i ;
o - L
"g 1E+01 | Curing acceleration by
£ L E. self-generation of heat
3 5/3- T I

1.E+00 - — -
170°C 103°C (25°C)

Fig. 8 Trial calculation of curing time
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Fig. 9 Temperature characteristic of elasticity
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Fig. 10 Temperature characteristic of curing time
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Fig. 11 Temperature profile of EPOXY curing

B method - Transient heat transfer analysis

Adherence body 1 (1 mmt) (Laser: lo) Adhggion I?yer
(Light permeable) A a (80umt)
e e ! A P
\\\\\\\\\\ T \L::r

Adherence body I (1 mmt)é
[TTTTTTTTI

<

L ot

Al plate
B Boundary condition

1) Laser energy P (W/mm?) = Adhesion layer surface

P= B*1Io (f: Light Permeability lo: Laser energy)
(%/mm

2=940 nm EPOXY PBT PPS
Permeability 0 40 15
B Calculation method of degree of cure (R)
Curing time: tc=6E-5*exp (5184/T)
Incremental time: At=t,-t,
Incremental temp: AT=T,-T.4 AR A T
Incremental degree of cure: AR=R-R.1, t
AR=R,-R,4 T AT
= AtC+5184%T, 4R, * AT .
‘n o
Perfect cure (Rc)== (AR)=1 t d

Fig. 12 FEM heat transfer analysis of laser curing
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Fig. 13 Example of result of FEM heat transfer
analysis
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Fig. 14 Estimation of tolerable range of Egl value
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Fig. 15 Strength of adhesion using laser curing
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Fig. 16 Adhesion layer by SEM observation
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