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Epoxy Resin and Low Surface Free Energy Adherend
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Abstract

The adhesion strength between epoxy resin adhesive and polymer adherends was found to be almost
constant from 2.3 mN/m to 15.3 mN/m of surface free energy region. It increases linearly in the region
above 15.3 mN/m. These results were obtained by using polymer adherends and low surface free energy
adherends such as PTFE particle dispersion coated adherend. However, the adhesion mechanism that
explains this experimental result remains unclear. The reason for this is that adherends with different
surface free energies have different elastic moduli and Poisson's ratios, making it difficult to explain the
relationship between adhesion strength and surface free energies in a unified manner.
In this study, the authors regard the epoxy resin adhesive and polymer adherend as mono material with
the average physical properties between epoxy resin and polymers to apply Griffith's theory to this mono
material. In the lower surface free energy region, the adhesion strength is reduced because of poor
wettability of epoxy resin to the polymer. The authors revised the Griffith formula taking into the account
the wettability factor. This theoretical formula agrees with the experimental value in the region where the
surface free energy is more than 15.3 mN/m. The adhesion strength when the surface free energy is 2.3

mN/m can be explained from the fact that the adherend surface is a PTFE particle dispersed material.
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Fig. 1 Schematic model for Griffith theory
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Table 1 Adherend for adhesion strength test.

Adherend Specification
PTFE dispersion composite HIREC1100®
coated

Fluorine resin coated INT3337
Silicone resin coated KR4000G®
Silicone resin coated KR400¥
Polytetrafluoroethylene PTFE?
Polyethylene PE”
Polyethyleneterephthalate PET”

3.2 EfbARIE

i B BT RV X — &R DT O
BENGLEE 10D, A HIELEE  Excimer
Smart Contact Mobile 5 #fEfH LT, 7 Lk
DKL I T ATF L OB A RIE LT,
b0 2 ORI ZZEIR L7Z0D1E, Table
2VRT R 91T, T HFEEA BT R

Table 2. Surface free energy and its components
of water and methylene iodide (mN/m).

j)Ld pr YL Ref.

Water 21.8 51.0 72.8 10)

Methylene 50.8 0.0 50.8 10)
iodide

.4 . Dispersion component,
yi” . Dipole-hydrogen bonding component,
yr, : Surface free energy of liquid
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Fig. 2 The shape of the shear tensile test pieces.

Table 3 Size parameters of the shear tensile test pieces
(mm)

Coated adherends 100 | 17 32 173

PTFE, PE and PET 50 17 3 97

Coated adherends 19 4 27 1

PTFE, PE and PET 3 0 3 1
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b) Magnification 10000 1 pm

Fig. 3 SEI images of PTFE particles dispersed
adherend. The PVDF-binder areas are located in
white ovals.
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Table 4 Contact Angle of water and methylene iodide

(Degree).
Adherend Specification Water  Methy. lod.
PTFE dispersion HIREC1100 140 125
composite coated
Fluorine resin coated ~ INT333 112 84.5
Polytetrafluoro- PTFE 104 74.6
ethylene
Silicone resin coated ~ KR4000G 101 67.0
Silicone resin coated ~ KR400 91.0 61.5
Polyethylene PE 84.7 52.0
Polyethylene- PET 79.6 38.0
terephthalate
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Table 5 Surface free energy yp of adherends (mN/m).

Adherend Specification Yp

PTFE dispersion composite  HIREC 2.3
coated

Fluorine resin coated INT333 15.3
Polytetrafluoroethylene PTFE 20.4
Silicone resin coated KR4000G 24.6
Silicone resin coated KR400 285
Polyethylene PE 34.3
Polyethyleneterephthalate PET 41.6
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Fig. 4 Adhesion strength oy, as a function of surface
free energy yp and crack length c.
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Table 6 Adhesion strength oy of epoxy resin and

adherends (MPa)

Adherend Specification ow
PTFE dispersion composite  HIREC 0.35
coated
Fluorine resin coated INT333 0.53
Polytetrafluoroethylene PTFE 0.78
Silicone resin coated KR4000G 0.95
Silicone resin coated KR400 1.07
Polyethylene PE 1.49
Polyethyleneterephthalate PET 197

Table 5 & Table 6 & VSR - KHEHMB T
FAX—OBUERNE LI Fig. 51OR&N5. B
@B WT ¢=37um & L7EHE 153
mN/m DL EOFEIC BV TEBR TREIN D HH
fill & FERREIT—B L7z,

Adhesion strength ow (MPa)

0 10 20 30 40 50
Surface free energy y, (mN/m)

60

Fig. 5 Adhesion strength and surface free energy
relation. Solid line indicates theoretical
value with crack length ¢ =3.7 um.
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