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Dynamic Viscoelastic Properties of Cured Epoxy Resin for Adhesive

Chiaki SATO, Tetsuya ITO and Kozo IKEGAMI

Precision and Intelligence Laboratory, Tokyo Institute of Technology
(4259, Nagatsuta, Midori-ku, Yokohama 227, Japan)
(Accepted for publication: January 11, 1994)

Abstract

The dynamic viscoelastic properties of epoxy adhesive was investigated by using a transmission method of
strain wave. Impact compressive load was applied to epoxy adhesive bar. The transmission of the strain wave
generated by the impact load was measured. The velocity and the damping decrement of the strain wave were
obtained by using frequency analysis of the strain wave. The complex compliance of the adhesive was
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calculated from the velocity and the damping decrement. The real part of complex compliance decreases and
the imaginary part increases with increasing the frequency.

{Received: November 11, 1993)

The Influence of Critical Surface Tension of Adherends on the Rolling Friction Coefficient and
Peel Strength of Pressure Sensitive Adhesives

Tamako HATO*, Toshihide TSUKATANI**, Yasunori HATANO*** and Hiroshi MIZUMACHI*

* Department of Forest Products, Faculty of Agriculture
The University of Tokyo, Bunkyo-ku, Tokyo 113, JAPAN
**NICCA CHEMICAL CO.,, LTD
23-1, 4-chome, Bunkyo, Fukui 910, JAPAN
*** Forestry and Forest Products Research Institute
Tsukuba, Ibaraki 305, JAPAN
(Accepted for publication: February 16, 1994)

Abstract

Practical performance of pressure sensitive adhesives depend not only upon the rheological properties, but
also upon the surface chemical properties of the materials. In this study, the influence of the critical surface
tension of the adherends upon the rolling friction coefficient and peel strength of both an acrylic pressure
sensitive adhesive and a natural rubber based pressure sensitive adhesive.

In the velocity region where the interfacial failure occurs in case of the acrylic pressure sensitive adhesive,
the values of the rolling friction coefficient and those of the peel strength have a positive correlation with the
critical surface tension of the adherends, which means the fact that both the rate of the bonding process and
the failure criterion concerning the interfacial failure are closely related to the critical surface tension of the
adherend. Performances of the natural rubber based pressure sensitive adhesive were rather more compli-
cated than those of the acrylic pressure sensitive adhesive. 1t is necessary to clarify the degree of solubility
among the components and also the phase structures when we treat the pressure sensitive adhesives of
blended system.

Rate dependence of the rolling friction coefficient is quite different from that of the peel strength, especially
in the high velocity region, which must be attributed to the fact that the former involves both bonding and
debonding processes, while the latter involves only the debonding process.

(Received: December 14, 1993)

Adhesive Strength of Oriental Lacquer Film Coated on Various Adherends

Toshio OGAWA*, Takahiro KAMEI*, Makoto SAKAMOTO** and Takahiro MATOBA*

* Laboratory for Material Design Engineering,
Graduate School of Engineering, Kanazawa Institute of Technology
7-1, Ohgigaoka Nonoichi, Ishikawa 921, Japan
** The Industrial Research Institute of Ishikawa
Ro-1, Tomizu Kanazawa Ishikawa 920-02, Japan
(Accepted for publication: January 10, 1994)

Abstract

This paper is concerned with the adhesive strength of oriental lacquer film coated on various adherends.
The adhesive strengths between the film and adherends were determined, when the test pieces were exposed
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to various humidities. We used steel, brass, aluminum and wood as the adherend. In the case of steel and
brass, adhesive strengths decreased as the humidity was deviated from 70% RH. In other words, the adhesive
strength became maximum at 70% RH and in steel the maximum strength was 6.5 MPa. However, in
aluminum the adhesive strength increased with humidity. Wood was similar in the behaviour of adhesive
strength to steel, but the adhesive strength between wood and oriental lacquer film is from a quarter to a half
as large as that between steel and the film. Concerning the elongation at break in tensile test, woods in
adherends were different from steel and brass.

(Received: December 1, 1993)

On Influences of Interface Corner Angle on the Thermal Stress in Adhesive Butt Joints

Fumito NAKAGAWA*

* Tokyo Metropolitan College of Aeronautical Enginecring
{8-52-1, Minamisenju, Arakawa-ku, Tokyo 116, Japan
{Accepted for publication: February 16, 1994)

Abstract

In most adhesively bonded joints, thermal properties between an adhesive and adherends are generally
quite different, therefore thermal stress is generated under a temperature change in the bonding area. The
thermal stress has large effects upon the strength and the reliability of the joints. In this paper, thermal
stresses of an adhesive butt joint are studied when the adherends are made of aluminum plates and one
component epoxide resin and heat setting type adhesive is used. When the corner angles of an adherend are
set at 90, 60, 45 and 30 degrees, the thermal stress distributions at the interfaces are analyzed by using
two-dimensional finite element method (FEM). The adhesive layer is modeled by an epoxide resin plate and
the adhesive butt joints are manufactured for photoelastic experiments. The isochromatic fringe patterns
obtained by photoelastic experiments are consistent with the analytical results obtained by FEM. From the
analysis and the experiments, it is shown that the thermal stress decreases near the edge of the interface as the
corner angle decreases from 90 to 30 degrees. Therefore, it is predicted that joint strength is improved when
the corner angle is decreased.

(Received: January 18, 1994)
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Modification of Cylinder Tack Test for Measuring the Rolling Friction Coefficient
of Pressure Sensitive Adhesives against Various Kind of Adherends

Tamako HATA*, Yasunori HATANO**_ and Hiroshi MIZUMACHI*

*Department of Forest Products, Faculty of Agriculture
The University of Tokyo, Bunkyo-ku, Tokyo 113, JAPAN
** Forestry and Forest Products Research Institute
Tsukuba, Ibaraki 305, JAPAN
(Accepted for publication: February 16, 1994)

Abstract

In order to measure the rolling friction coefficient (or tack) of a pressure sensitive adhesive on various
adherends by means of the cylinder tack test (CT test), we need the cylinder. But it is sometimes difficult either
technically or economically to mould the materials into cylinders. In this study, we have developed a
modified cylinder tack (MCT) test, where a pressure sensitive adhesive layer is transferred onto the surface of
ametal cylinder, and then the cylinder is pulled on a flat surface of various adherends. It is shown that we can
easily measure the rolling friction coefficient of pressure sensitive adhesives on any adherend by means of this
MCT test. Then, we tried to measure the rolling friction coefficient of an acrylic pressure sensitive adhesive on
a series of silicone release agents, and clarified how the peel controlling agent influences the tack of the
materials.

(Received: December 8, 1993)

The Interfacial Adhesion Strength and the Permeation of Water Through the Interface
for the Epoxy Resin System with Some Foreign Matter Inserted

Mitsukazu OCHI and Ikuo NAKASUJI

Department of Applied Chemistry,
Faculty of Engineering, Kansai University,
(3-3-35, Yamate-cho, Suita-shi, Osaka 564, JAPAN.)
(Accepted for publication: March 28, 1994)

Abstract

When foreign matter was inserted into the epoxy matrix, its apparent bonding strength depended on both
the ordinary adhesion strength of the matrix and the strangling pressure generated with the contraction of
matrix. It was tried in former report to evaluate these two facts separately.

In this report, the relations between the water permeation through the interface or the retention rate of the
bonding strength and the ordinary adhesion strength were discussed for the cured epoxy resins which have
the same apparent adhesion strength. The water permeation was depressed with an increase in the ordinary
adhesion strength. And, the retention rate was increased in proportion to the ordinary adhesion strength.
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Therefore, the durability was improved not with an increase in the apparent adhesion strength but with an
increase in the ordinary adhesion strength.

(Received: March 7, 1994)

Properties of Fluorinated Epoxy Resin, Diglycidylether of Bisphenol AF

Tohru MARUNO, Shigekuni SASAKI and Kouzaburou NAKAMURA

*NTT Interdisciplinary Research Laboratories
3-9-11, Midori-cho, Musashino-shi, Tokyo 180, Japan
(Accepted for publication: April 18, 1994)

Abstract

The properties of bisphenol AF epoxy resin (DGEBAF). 2,2-bis (4-glycidylphenylether) hexafluoro-
propane, were studied. Its surface tension and refractive index were lower than those of conventional
bisphenol A (DGEBA) epoxy resin due to the lower dipole moment of triffuoromethy! groups. It provides
better wettability to adherends and makes the refractive index of formulation controllable. The glass
transition temperature of polyamide cured DGEBAF is higher than that of DGEBA, which suggests that the
DGEBAF system should have rigid chains. By controlling the curing agent content, cured resins with low
elastic modulus and high glass transition temperature were obtained. And the heat resistance and the
flexibility of cured resins were simultaneously improved. Not only the initial, but also the immersed tensile
shear strength in the DGEBAF system were higher than the DGEBA system.

(Received: March 7, 1994)
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Analysis on Bonding Strength of Coated Film on Steel Ball

Toshio OGAWA* Yoshikazu HAMADA* and Takahiro KAMEI*

* Laboratory for Material Design Engineering,
Graduate School of Engineering, Kanazawa
Institute of Technology
7-1, Ohgigaoka, Nonoichi, Ishikawa, 921 Japan
(Accepted for publication: June 24, 1994)

Abstract

This study is concerned with the bonding strength of coated film on steel balls. Normal stress generated at
the interface between the film and the balls was obtained by simulation, when the film was exposed to an
atmosphere at given temperatures. The normal stress increased with temperature, and was more consider-
able at temperatures above 60°C. The stress at 100°C reached five times as much as that at 60°C, and the
stress increased with the decrease of radius of the ball. These results mean that the edge of the lacquer ware is
more fragile than flat surface.

(Received: May 11, 1994)

Effect of Curing Temperature on the Cohesive Strength of Modified Silicone-Epoxy Resin System

Takahiro OKAMATSU#*, Masahiko KITAJIMA*, Hideaki HANAZAWA®* and Mitsukazu OCHI**

* Kanebo-NSC Ltd. Technical & Research Center
(1-6-5, Senba-nishi, Mino-shi, Osaka, 562 Japan)
** Faculty of Engineering, Kansai University
(Yamate-cho, Suito-shi, Osaka, 564 Japan)
(Accepted for publication: June 30, 1994)

Abstract

In order to understand the curing temperature dependence of the cohesive strength of modified
silicone-epoxy resin system, modified resins were prepared at some different curing temperatures over 20°C
and 80°C.

Cobhesive strengths, dynamic mechanical properties, and morphologies of the cured resins were inves-
tigated. The cohesive strength of the modified epoxy resin system was enhanced with increasing curing
temperature.

This result was explained by a decrease in the diameter of dispersed epoxy phase, i.e. an increase in the
interfacial area between matrix and dispersed phase. The increase of the interfacial area led to the
improvement of lap joint and T-peel strength.

(Received: May 11, 1994)
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Dependency of Adhesion of Photoresist Micro Pattern on Thermal Stress Distribution

Akira KAWAI*, Hitoshi NAGATA** and Masasuke TAKATA***

*Present address: Department of Electrical Engineering,
Nagaoka University of Technology,
1603-1 Kamitomioka, Nagaoka, Niigata 940-21
** ULSI Laboratory, Mitsubishi Electric Corporation,
4-1 Mizuhara, Itami, Hyogo 664
*** Department Electrical Engineering,
Nagaoka University of Technology,
1603-1 Kamitomioka, Nagaoka, Niigata 940-21
(Accepted for publication: June 20, 1994)

Abstract

The correlation between the thermal stress and the adhesion behavior of photoresist was studied. The
thermal stress distributed along with the planar shape of the resist pattern. Compressive and tensile stresses
were especially concentrated at the inner and the outer corners, respectively. It is found that the side-etching
of the thermal oxide substrate has a close relationship to these stress concentrations.

(Received: May 6, 1994)

The Adhesion Society of Japan may be contacted at: Koa Nipponbashi 203, 4-2-20, Nipponbashi,
Naniwa-ku, Osaka 556, Japan.



