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Abstract

Most of the materials used in various industrial fields and also in our daily life are multi—
component materials or composite materials, and it is well known that there are many cases
where adhesion between the constituents within the bonded systems plays an important role.
There are various types of performance evaluation tests for the bonded materials, among
which tests for evaluating the bond performance under various conditions may be regarded
as the most interesting ones for those engaged in work related to adhesion. I have studied on
the mechanism of adhesion form the rheological standpoint with my colleagues, including
some students from Korea, and I am very happy to be able to have a talk on some of our
research works.

In Japan, the so—called “adhesives” are usually classified into two categories;adhesives
and pressure sensitive adhesives (PSA). Adhesives are the materials which solidify after

bonding and are aften used as the structural adhesives because the adhesive strength is com-
paratively strong. On the other hand, the pressure sensitive adhesives never solidify and are
used as PSA tapes, labels or decals.

About the adhesives, we have examined the dependence of adhesive strength(shear, ten-
sile, peel) upon both temperature and rate of deformation, and found out some empirical
rules which are applicable to most of the adhesive systems. We have also developed a simpli-
fied theory of adhesion, which is deseribed in terms of mechanical equivalent model and a
few failure criteria. Although some of the common rules can be accounted for according to
this theory, it must be pointed out that a fracture mechanical approach is inevitable especial-
ly in the region where the meehanical relaxation time of the adhesive is extremely large [W.
W. Lim and H. Mizumachi].

About the pressure sensitive adhesives, we have studied on the PSA perfermance (peel,
tack, holding power) as a function of both the viscoelastic properties and surface chemical
properties of the materials, and found out some rules, and again we have developed a theory
which deseribes the mechanism. And in addition, we have studied on the miscibility between
linear polymers and oligomers, because PSA is generally manufactured by blending gums
and tackifier resins. Many phase diagrams have been found and some of them have been an-
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alyzed on thermodynamic basis, and it became evident that the miscibility is a very impor-
tant factor in PSA [H. J. Kin and H. Mizumachi].
In this presentation, I want to emphasize the fact that the adhesion performance is closely

related to the structure/property of the adhesives.
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Fig. 1. Temperature dependence of adhesive
shear strength and adhesive tensie
strength of Pdyvinyl Acetate, where
wood(Kaba) and A1l are used as

adherends. Crosshead speed is 10 mm/

min.
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miscible blend of an acrylic copolymer
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21/37/3) and & tackifier resin
(Polypale). Blend ratio varies from 0 to
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Fig. 14. Master curves of the plots of constant
load (o,) against time to break (t,) for
a miscible blend of an acrylic copolymer
{BA/AA=90/10) and a tackifier resin
(Polypale).
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Fig. 13. Master curves of the probe tack of an
immiscible blend of an acrylic copolymer
(BA/AA=90/10) and a tackifier resin
{Clearon K—4090). Blend ratio varies
from 0 to 409%.
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Table 1. Acrylic Copolymers™

KH] ¥, FORAR gk

Code Composition(mol. %) Mn Mw T(C)"
NO. 1 Buty! Acrylate / Acrylic Acid (100/0) 79,300 291,600 —36
NO. 2 | Butyl Acrylate / Acrylic Acid (97/3) 112,300 417,600 —42
NO.3 | Butyl Acrylate / Acrylic Acid (95/5) 187,600 362,100 —29
NO.4 | Butyl Acrylate / Acrylic Acid (93/7) 154,000 302,500 —923
NO. 5 Butyl Acrylate / Acrylic Acid (90/10) 110,800 241,900 —-21
NO. 6 | Butyl Acrylate / Acrylic Acid (85/15) 9,600 15,900 —-17
NO.7 | 2-—Ethylhexyl Acrylate / Vinyl Acetate 80,500 279,100 —37
| / Acrylic Acid (56/41/3)
NO. 8 2—Ethylhexyl Acrylate / Butyl Acrylate 80,000 399,000 —40
/ Vinyl Acetate / Acrylic Acid (39/21/37/3)

*1 : Toyo Ink Manufacturing Co. Ltd.
*2 : by DSC measurements

Table. 2. Teckifier Resins

Tackifier resin Mn Mw S.P" [ T(C)" Modification of resins
Superester A—75 900 1,100 75 51 Dehydroabietic acid esterified
(R), (1) by glycerol, diethyleneglycol
Superester A—100 1,000 1,200 100 71 Dehydroabietic acid esterified
(R), (1) by glycerol
Superester A—115 1,000 1,200 115 Dehydroabietic acid esterified
(R), (1) by pentaerythritol
Superester A—125 1,400 2,500 125 102 Dehydroabietic acid esterified
(R), (1) by pebtaerythritol

(involving some fumaric acid)

Pencel CS 1,300 1,900 120 99 Pentaerythritol ester of polymerized
(R), (1) rosin
Polypale 600 700 102 73 Partially polymerized (dimerized)
(R), (2) rosin
Pentalyn CJ 1,300 2,000 135 97 Pentaerythritol ester of polymerized
(R), (2) ' rosin
YS Polystar T—130| 1,000 1,300 131 112 Terpene phenolic copolymer(pherol
(T), (3) 25%)
Clearon K—4090 1,000 1,500 89 53 Hydrogenated terpene
(T), (3)

*1 : Softening Point(‘C)
*2 : DSC measurements
(R) : Rosin, (T) : Terpene
(1) : Arakawa Chemical Industry Co. Ltd.

(2) : Hercules Co. Litd.
(3) : Yasuhara Chemical Co. Litd.
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