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PRESSURE SENSITIVE ADHESIVE

Field of the Invention

The present invention relates to pressure-ssnsitiva

adhesives, pressure-sensitive adhesive sheets or £films, and

hot-melt adhesives. Specifically, the present inventlon

relates to pressure-sensitive adhssive used for such as
pressure-sensitive adhesive films which pressure-
sensitively adhere to the surfaces ¢f a synthetic resin plate,
decorative plywood, metal plate, coated steel plate and the

like to protect the surfaces so that dust adhesion anad

scratchingareprevented,pressure-sensiti%eadhesivesheets
and £ilms including masking tapes used for baking coating of
an automobiles and the like, masking tapes used for solder
immersion of printed wiliring board and the like, as well as
other uses.

The present invention further relates to

hot-melt adhesions used for adhesion of a polyolefin resin,

mittual adhesion of rubber, adhesion between different

materials such as rubber and metal, and the liks.

Background of {the Invantion

Conventionally, pressure-sensitive adhesive sheets or
films intended for protection of the surface 6f a coated body

are used for working, storage and transportation of building
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materials, electrie, elactronic products, and automobiles

and the like, and such pressure-sensitive adhesive sheets or
£ilms should have excellent pregssure-sensitive adhesion and
simultaneously, should be able to be peeled easily after use
thereof without polluting the surface with an the

pressura-sensitive adhesive, Recently, pressure-sensitive

adhesive sheets or films comprising a substrate made of a
polyolefin-based resin are increasingly used instead of

pressure-sensitive adhesive sheets or films comprising a
substrate made of a plastic vinyl chloride resin,

As these

pressure-sensitiva adhesive sheets or films comprising a

substrate made of a polyolefin-based resin, there are mainly

used those integrally formed by co-extrusion of a
pressure-sensitive adhesive layer made of a low crystalline

or amoxphous pressure-sensitive adhesive such as ethylene

vinylacetate copolymer (EVA) (), low density polyethylene and

the like, or a pressure-sensitive adhesive layer mads of an
elastomer such as styrene-isoprene-styrene block copolymer
(sIS) ().hydrogenated styrene-butadiene-styrene block

copolymer (SEBS) () and the like, with a substrate. However,

the above-mentioned pressure-sensitive adhesive sheets or

films have problems that when left under high temperature

environment, change occurs with the lapse of time, causing

increase in pressure-sensitive adhesion force leading to

difficult peeling from the coated body, leaving a
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pressure-sensitive adhaesive, and the like. Az a

pressure-sensgitive adhesive sheet or £ilm causing no change
with the lapse of time even under high temperature environment,

Japanese Patent Application Laid—Open (JP—3) No. 4-55488
discloses a pressure-sansitive adhesive £ilm comprising a
pressure-~sensitive adhesive layer made of a polyethylene or
ethylene/ @ -olefin copolymer having a density of 0.92 g/cm?
or less and a melt index of 1 to 20 g/10 minutes formed on
one surface of a substrate layer made of a thermoplastic resin,
Further, JP-A No. 8-157791 discloses a pressure-gsensitive
adhesive film composed of a pressure-sensitive adhesive layer
made of an ethyléne-a-olefin copolymer having a weight-

average molecular weight Mw of 5X 10! or more, Mw/Mn of 3 or
less which is a ratio of the weight-average molecular weight
to the number-average molecular weight Mn, a melting peak
temperature in DSC analysis of 110C or more, and a heat of

fusion of 100 J/g or less, and a substrate made of other

polyolefin-based resin. However. these pressure-sensitive

adhesive f£ilms have low pressure-sensitive adhesion, and

particularly, extremely lowered pressure-sensitive adnesion

at lower temperatura.

On the other hand, hot-melt adhesives containing EVA and

the like have been devaloped. However, these have

disadvantage propertiss such as insufficient flexibility,

crystalline property, and the like, therefore, the
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pressure-sensitive adhesion changes significantly depending

on the use temperature, and particularly, under lower

temperature environment, sufficient pressure-sensitive

adhesion is not obtained. Further, since adhesion

temperature not less than themelting temperature is required
these hot-melt adhesive are not suitable for a material to

be adhered tends to show thermal deformation.,
Further, rubber adhesion complexes such as a tire,

conveyer belt, hose, lining product and the like are produced
by laminating un-vulcanized rubber materials and then

vulcanizing for adhesion. However, there is a problem that

a strongly adhered rubber adhered complex is not obtained
since when the above-mentioned rubber materials are laminated
compatibility between un-vulcanized rubber materials may be
poor, the wvulcanization speed, cross-linking form and the

like may vary significantly, leading to no co-vulcanizing

property. Moreover, it is known to use a rubber sheet as a

water-proof sheet in water proofing of concrete buildings and

the like. However, since the size of the rubber sheet in

molding, vulcanization and the like by far lowers as compared
with a sheet used in construction f£ield, a plenty number of
rubber shests have to be added along length and breadth

" directions at construction field. Convantionally,

therefore, many pleces of rubber sheets are spread at

executing fisld, and edge portions thereof are overlapped and

_
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an adhesive is applied on the edge portions, to adhere the

rubber sheets. As the above-mentioned adhesive, thare is

- mainly used a solvent type polychloroprene adhasive. Since
an organic solvent is used in the above-menticned
polychloroprene adhesive, the organic solvent 1s vaporized
in execution, causing undesirable effects from the

standpoints of safety and hygienics for human, and

environmental protection. On the other hand, an agusous

adhesive prepared by compounding tackifier resin inteo rubber
latex is suggested as an adhesive using no organilc solvent,
however, this agqueous adhesive has problems in adhesion force
aspectthatstrouéadhesionisnotobtainedeasilyandpaeling

tends fo oc¢cur. Further, there is known a method for mutual

adhesion of rubbers in which a plastic material such as a
high-pressure polyethylene, polypropylene, polystyrene and
the like is allowed to intervene between rubbers to be adherad,
however, this method has a demerit that the flexibility of

a rubber-adhered complex is lowered due to hardening of the

adhered portion.

>
*

Summaxry of the Invention

Under these circumstances, the present inventors have
found that the above-mentioned problems are solved by using
a novel olefin-based copolymer having certain specific

physical properties and a thermoplastic resin composition



obtained by using this olefin-based copolymer, and have

completed the present invention.

The present invention relates to a novel pressure-
sansitive adhesive comprising a specific polymer which can
provide a thermoplastic resin composition having excellent
balance of £lexibility, heat-resistance, cold-resistance and
weather-resistance, an adhesive sheet or f£ilm composed of
this pressure-sensitive adhesive, and a hot-melt adhesive.
More particularly, the present inventiod relates to a
pressure-sensitive adhesive which pressure-sensitively
adheres or adheres without using an organic solvent, and
maintains suitable pressure-sensitive adhesion without
causing extreme chanée with the lapse of time even under low
temperature environment or high temperature environment
lrrespective of environmental temperature under which a
connected article is placed.

Namely, the present invention relates to a pressure;
sensitive adhesive comprising arn olefin-based copolymer

whersain

{1) the olefin-based copolymer has a tensile strength

at break measured according to JIS X 6251 of 2,0 MPa or less,
and

(2) the elongation at break EB(%) of a resin composition

obtained in blending the olefin-based copolymer with a

polypropylene-based resin having a 20C xylene-soluble
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component content of 20 wt% or less satisfies the following
formula 1:

S[2/61=—800 formula 1
wherein, S[2/6] represents the gradient of a primary straight
line obtained by approximation according to the least square
method of amultiple regression curve in Pa=0.20 to 0.60 region
of a multiple regression formula derived by quintet multiple
regresgsion of a curve obtained by plotting the elongation at
break BB{ %) (according to JIS K 6251) of the resin composition
on the ordinate and the weight content proportion Pa of the
olefin-based copolymer contained in the resin composition on
the abscissa wherein, Pa represents the weight content
proportion of the olefin-based copolymer contained in the
resin composition, and said multiple regression formula
essentially includes data at least at seven points of Pa=0.00
0.20, 0.30, 0.40, 0.50, 0,60 and 0.70, and when further number

of points are included, all Pa values are essentially situated

muatually at an interval of 0.10 or less.

The present invention also rslates to a pressurs- -
sensitiy§ sheet or film comprising the above-mentioned
pressure-sensitive adhesive, and the third aspect of the

present invention is a hot-melt adhesive comprising the

above-mentioned pressure-sensitive adhesive.
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Detailed Description of the Invention

The olefin-based copolymer used in the present invention
is an olefin-based copolymer having a tensile strength at
break measured according to JIS K 6251 of 2.0 MPa ox less,
preferably 1.8 MPa or less, more preferably 1.6 MPa or less,
further preferably 1.4 MPa or less, further more preferably
1.2 MPa or less, still further.more preferably 1.0 MPa or less
and particularly preferably 0.8 MPa or less. When the tensile
strquth-at break 1is out of this range, the resulting
clefin-based copolymer and a thérmoplastic resin composition
containing this olefin-based copolymer are inferior in
flexibility, leading to poor pressure-sensitive adhesion
force of a pressure-sensitive adhesive comprising this
composition, and in the case of use as a hot-melt adhesive,

the flexibility of the connected portion becomes poor.
In formula 1, S[2/6] is preferably
S[2/61Z—800,
more preferably,
s[2/61=—200,
further“pref erably,
S[2/61=Z—100,
particularly preferabdbly,
S[2/61Z—50.

Whean the olefin-based copolymer used in the prasent

invention does not satisfy the relation of formula 1, the



resulting olefin-based copolymer and a thermcplastic resin
composition containing this olefin-based copolymer are
inferior in balance of flexibility, heat-resistance,
cold-resistance and weather-resistance, therafore, stable
pregsure-sensitive adhesion force becomes unstable and poor,
depending on environmental temperature under which a
connected body obtained by using a pressure-sensitive
adhesive comprising the copolymer is placed, and in the case
of use as a hot-melt adhesive, the £lexibllity of the connected

portion becomes poor.

A multiple regression formula derived By guintet
multiple regression of a curve obtained by plotting the
elongation at break EB(%) according to JIS K 6251 of the resin
composition on the ordinate and the weight content proportion
Pa of the olefin-based copolymer contained in the resin
composition on the abscissa is preferably calculated using
data at blend composition points where the weight content

proportion Pa of the olefin-based copolymer is 0.00, 0.20,

0.30, 0.40, 0.50, 0.60 and 0.70.

The elongation at break EB(%) of the resin composition

>
+

can be measured according to JIS K 6251, for example, usin

a dumbbell form No. 3 test piece at a tension speed of 200

mm/min. The number of the test piece was 3, and an arithmetic

mean value can be used as the measured result. Herein, for

obtaining the measured result of higher accuracy, the number
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of the test piece is preferably 5 or more, more preferably
7 or more and further preferably 9 or more, and the resulted

elongation at break can be arithmetically averaged to give

a result to be used. For removing the result of irregular

low elongation at break, it is preferable to delete results
revealing tensile strength at break which is 80% or less of
the median of the measured results or of the average of two
values surrounding the median, and to arithmetically average
the remaining measured results to give a result to be used.
For blending an olaefin-based copolymer with a

polypropylena-based resin having a 20T xylene-soluble
component content of 20 wt%¥ or less, the components may be
advantageously kneaded using a usual kneading apparatus, for
example, a rubber mill, Brabender mill, Banbury mixer, press
kneader, ruder, twin-screw extruder and the liks. The
kneading temperature is a temperature at which all of mixed
components are melted, and usually from 160 to 250T,

preferably from 180 to 240C, The resulted resin composition

is press-molded to the defined thickness by amethod according
to JIS K 6758, to give a sample of the tensile test.

The above-mentioned quintet multiple regression can be
calculated, for example, bymethods shown in ' Kagakusha oyobi
Kagaku Glijutsusha no tameno Toukeiteki Houhou {(Statistical
method for chemist and chemical enginser)”

{sec. Ed.) (pub.

Tokyo Kagaku Dojin K.X.) chapters 6 - 3and 6 4. Themultiple



correlation coefficient R and the gradient S obtained by
straight line regression using the least sguare method can
be calculated, for example. by methods shown in ~Kagakusha
oyobi Kagaku Gijutsusha no tameno Toukelteki Houhou
(Statisticalmethodforchemistandchemicalengineerf'(sec.
Ed.) {pub. Tokyo Kagaku Dojin XK.XK.) chapters 6°3 and 6°
4.

In the olefin-based copolymer used 1n the present
invention, it is furthar preferable that the relation of the
following formula 2 ls satisfied in addition to the
above-mentioned relation, £rom the standpoint of stability
of surface naturé and condition of a resin composition,

R{3/5]1—R[2/61=20.15 formula 2
wherein, RI3/5]) andR{2/6] represent themultiple correlation
coefficlents of primary straight lines obtained by
approximation according to the least square method of
multiple regression curves in Pa=0.30 to 0.50 and Pa=0.20 to
0.60 regions of a multiple regression formula derived by
guintet multiple regression of a curve obtained by pletting
the eloqgation at break EB(%) according to JIS XK 6251 of the
resin composition on the ordinate and the weight content
proportion Pa of the olafin~-based copolymer contained in the
resin composition on the abscissa wherein, Pa represents the

wailght content proportion of the olefin-based copolymer

contained in the resin composition. Herein, said multiple



regression formula essentially includes data at least at
gseven pointsg of Pa=0.00, 0.20, 0.30, 0.40, 0.50, 0.60and 0.70,
and when further number of points are included, all Pa values

are essentially situated mutually at an interval of 0.10 ox

less.

In thié relation, R{3/5] and R(2/6] are preferably

R[3/5]1—R[2/6]1=0.20,
more preferably,

R{3/51—R[2/6]1=0.25,
further preferably,

R{3/51—R[2/61=0.30,
particularly preferably,

R[3/51—R[2/61=0.35,
most preferably,

RI[3/51—R[2/6]1=0.40,

When the olefin-based copolymer used in the present
invention does not satisfy the ralations of formula 1 and
formula 2, the resulting thermoplastic resin composition may
have inferior stability of surface nature and condltion such

as bleeding on the surface with the lapse of time, and the

like, therefore, stable pressure-sensitive adhesion force

with the lapse of time may not be obtained, depending on
environmental temperature under which a connected body

obtained by using a pressure-sensitive adhesive comprising

the copolymer is placed. On the other hand, in the case of



use for a pressure-sensitive sheet or film. there is a fear
of occurrence of problems such as remaining of a

pressure-sensitive component on the surface after releasing,

and the like.

In the olefin-based copolymer used in the present
invention, it is further preferable that the relation of the
following formula 3 is satisfied in addition to the
above-mentioned relation from the standpoint of stability of
surface nature and condition of a resin composition,

S{3/5]1—sl2/6]1=—50 formula 3

wherein, S[3/5} and S{2/6] represent the gradients of primary
straight lines oStained by approximation gccording to the
least square method of multiple regression curves in Pa=0,30
to 0.50 and Pa=0.20 to 0.60 regions of amultiple regresgsion
formula derived by guintet multiple regression of a curve
obtained by plotting the elongation at break EB(%) according
to JIS K 6251 of the resin composition on the ordinate and
the welght content proportion Pa of the olefin-based

copolymer contained in the resin composition on the abscissa

wherein, P

*a

olefin-based copolymer contained in the resin composition.

a represents the weight content proportion of the

In this relation, S{3/5] and S(2/6] are preferably
s[3/51—s[2/61=—70,

morse preferably,

S[3/51—S[2/61=~90,
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particularly preferably.
s{3/51—sl2/6]=—110,

most preferably,
sS{3/51—sf{2/615—120.

When the olefin-based copolymer used in the present

invention does not satisfy the relations of formula 2 and
formula 3, the resulting ola_fin-ba.;ad copolymer and a
thermoplastic resin composition containing this olefin-based
copolymer may have poor balance of f£lexibility, hsat-
resistance, cold-resistance and weather-resilstance, and poor
stability of surface nature and condition, therefore, stable
pressure-gsensitive adhesion force may not be obtained,
depending on environmental temperature under which a
connected body obtained by using a pressure-sensitive
adhesive comprising the copolymer is placed.

The polypropylene-based resin having a 20T xylene-
soluble component content of 20 wt% or less described in (2)
in the present invention is a polypropylene-based resin (X)

which is selected from polypropylene-based resinsg described

in (i-4} below and satlsfies the following requirements

*

described later. The 20C xylene-soluble component content

of the polypropylene~baged regin means a numerical wvalue
obtained according to the following methods and conditions.

Namely, about 200 mg of a polypropylene-based regin is weighed

and mixed with 100 ml of xylene, and the resin is dissolved



for 50 minutes while boiling xylene. After given time, the

solution was left to cool for 20 minutes at room temperature,

then, the polypropylene-based resin was crystallized with 0T

lice water. Then, the mixture was kept for 1 hour in a constant

temperature water bath at 20C. Then, the xylene-soluble

component is separated through a filter from the xylene-

insoluble component, the xXylene-insoluble component is dried
by & vacuum drier to constant weight, the dried xylene-
insoluble component is welghed, and the weight of the

xXylene-soluble component is calculated based the welght

difference from the original sample. The xylene-soluble

component content is represented in terms of percentage {wt$)

of the weight of the xylene-soluble component based on the

weight of the original sample.

In the polypropylene-based resin (X) having a 20T

xylene-soluble component content of 20 wt% or lessg, it is

preferable that the crystallization temperature Tc (C) and
the crystallization heat AH (mj/mg) measured by using a
differential scanning calorimeter (DSC) satisfy the

following relation. Measurement of DSC is conducted. for

-
£y

example, using DSC 220C manufactured by Seiko Instruments Inc.
at a speed of 10 /min. of temperature raising and lowering
processes, according to JIS K 7121 and JIS X 7122.

—10S[AH— (TcX1.4)—62]1=10
More preferably



—8S[AH—(TcX1.4)—862])58

Further preferably

—6S{AHE—(TcX1.4)—62]156

When the polypropylene-based resin (X) having a 20T
xylene~-soluble component content of 20 wt% or less does not
satisfy the above-mentioned relation, it may be impossible
to correctly determine a specific olefin-basgsed copolymer
which can provide a thermoplastic resin composition having
excellent balance of flexibility, heat-resistance, cold-

resistance, weather-resistance and stability of surface

nature and condition.

The polyproﬁylene-based resin (X) having a 20T

" xylene-soluble component content of 20 wt% or less 1is
preferably crystalline polypropylene mainly having igsostatic
or syndiotactic sequence structure of homo type oxr of random
type containing a comonomer, more preferably a

polypropylena-based resin of random type containing a

comonomer. This polypropylene-based resin can be obtained

by adeopting a gas phase polymerization method, bulk

*a

polymerization method or solvent polymerization method, and
the number-average molecular weight of the polymer is not
particularly restricted and preferably controlled from
10,000 to 1,000,000,

For obtaining the polypropylene-based resin (X) having

a 20T xylene-soluble component content of 20 wt% or less,
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there are genarally listed methods in which a homopolymer of
propylene is obtained or a copolymer is obtained by
copolymerizing propylene with one or more olefins selected
from olefins having 2 to 12 carbon atoms other than the
propylene, by a slurry polymerization, gas phase
polymerization or bulk polymerization method

using what is

called a Ziegler-Natta catalyst combining a titanium-

containing solid transition metal component and an

organometal component, or a metallocene catalyst comprising
a compound of a transition metal of group IV to group VI of

the periodic table having at least one cyclopentadienyl

skeleton and a co—'cata.lyst component. Further, commercially

avallable products corresponding to the resins produced as
described above can also be used.

When the above-mentioned parameters are not satisfied,
the resulting olefin-based copolymer and a thermoplastic
resin composition containing this olefin-based copolymer may
be inferior in balance of flexibility, heat-resistance,
cold-resistance and weather-resistanca, therefore, stable
pressure-sensitive adhesion force may not be obtained,
dependi;;g on environmental temperafure under which a

connectaed body obtained by using a pressure-sensitive

adhesive comprising the copolymer is placed.

Further, from the standpoint of the flexibility of the

olefin-based copolymer and thermoplastic resin composition
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containing this olefin-based copolymer used in the present
invention, it is preferable that the following property is
gatisfied in addition to the above-mentioned property.
Namely, in the olefin-based copolymer used in the present
invention, it is preferable that the bending modulus (Ua
(MPa}) of a thermoplastic resin composition obtained by
blending with a homopolypropylene resin, measured according
to JISK 7203, satisfies the relation of the £ollowing formula,
vas1.5XsaX(Tas/100)*?
More preferably
Uas1.4XsaX (Ta/100)%?
Further preferably
Ua=1.3XSsaX(Ta/100)%?
Particularly preferably

Ua=1.2XsaX(Ta/100)3%*?

When the banding modulus is out of the above-described
range, ths resulting olefin-based copolymer and a
thermoplastic resin composition containing this olefin-based
copolymer may be poor, consequently, the pressure-sensitive

adhesiogx force of a pressure-sensitive adhesive comprising
>

the copolymer may be poor. In the above-desgcribed formula,

Ua represents the bending modulus (MPa) measured according
to JIS K 7203 of the homopolypropylene resin used for blending,

and Ta represents the weight (wt%) added of the

homopolypropylene resin in the thermoplastic resin



composition.

The olefin-based copolymer used in the present invention
relates to a copolymer obtained by copolymerizing two or more

monomer components selected £from ethylene, @ -olefin having

3 to 20 carbon atoms, polyene compound, cyclic olefin and vinyl

aromatic compound, or a polymer obtained by

homopolymerization using these monomers and the polymer has
a structure corresponding to the copolymer, Specific examples

of the monomers constituting this olefin-based copolymer
includel the following monomers {(a) to (4).

{a) ¢-olefin

The <d-olefin having 3 to 20 carbon atoms used in the
present invention includes lineaxr and branched & -olefins,
and examples of the linear €@ -olefin include propylens,
l-butsene, l-pentene, l-hexene, 1-heptene, L-octene, i-nonene,
l-decene, l-undecene, l-dodecene,

l-tridecene, 1-

tetradecene, l-pentadecena, l-hexadscene, l-heptadecene,

l-octadecene, l-nanodecene, l-eicosene and the like, and

examples of the branched @ -olefin include 3-mathyl-l-butene,
3-methyl-l-pentene, 4-methyl-l-pentene, Z-ethyl-l-hexens,

2,2,4-trimethyl-l~-pentene and the 1ike, and linear propylene,

l-butene, l-pentene, l-hexene, 1l-octene, l-decene and the

like are preferable.

{(p) Polyene compound

The polyene compound suitably used in the present

- 19 -



invention include what is called a conjugated polyane
compound having one single bond sandwiched between double
bonds, and non-conjugated polyene compounds other than the

aforesaid conjugated polyene compound. As the conjugated

polyene compound, aliphatic conjugated polyene compounds,

alicyclic conjugated polyene compounds, and the like are

listed. The aliphatic conjugated polyene compound include

linear aliphatic bolyene compounds and branched aliphatic

polyahe compounds. PFurther, the aliphatic conijugated

polyene compound and alicyclic conjugated polyene compound

may contain an-aikoxy group, aryl group, aryloxy group,

aralkyl group, aralkyloxy group and the like., Examples of

the aliphatic conjugated polyene compound include 1,3-

butadiene, isoprene, 2-ethyl-1,3-butadiene, 2-propyl-1,3-

butadiene, 2-isopropyl-1l,3-butadiene, 2-hexyl-1,3-

butadiene, 2,3~dimethyl-1,3-butadiens, 2,3-diethyl-1,3-

butadiene, 2-methyl-1,3-pentadiene, 2-methyl-1,3-hexadiene,
2-methyl-1,3-occtadiens, 2-methyl-1,3-decadiene, 2,3-

dimethyl-1,3~pentadiene, 2,3-dimethyl-1l,3-hexadiene, 2,3-

dimethyl-1l,3-octadiene, 2,3-dimethyl-1,3-decadiene and the

Llike. Examples of the alicyclic polvens compounds includa

2-methyl-1l,3-cyclopentadiene, 2-methyl-1,3-cyclohexadiene,

2,3-dimethyl-1,3~cyclopentadiene, 2,3-dimethyl-1,3-

cyclohexadiene, 2-chloro-1,3-butadiene, 2,3-dichloro-~1,3-

butadiene,l-fluoro—l,B-butadiene,2-chloro—l,3—pentadiene,
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2-chloro-1,3~-cyclopentadiene, 2-chloro-1,3-cyclohexadlene

and the like.

As the non-conjugated polyene compound, aliphatic
non-conjugated polyene compounds, alicyclic non-conjugated

polyene compounds, aromatic non-conjugated pelyene compounds

and the like are listed. The aliphatic non-conjugated

polysene compound include linear aliphatic nen-conjugated

polyene compounds and branched aliphatic non-conjugated

polyene compounds. Further, the aliphatic non-conjugatsd

polyene compound, alicyclic non-conjugated polyene compound
and aromatic non-conjugated polyene compound may contain an

alkoxy group, aryl group, aryloxy group, aralkyl group,

aralkyloxy group and the like. Examples of the aliphatic

non-conjugated polyene compound include 1,4-hexadiene,
1,5-hexadiene, 1,6-heptadiene, 1,6-0ctadiene, 1,7~

octadiene, 1,8-nonadlene, 1,9-decadiene, 1,13-

tetradecadiena, 1,5,9-decatriene, 3-methyl-1,4-hexadiene,

4-methyl-1l,4-hexadiene, S-methyl-1,4-hexadiene, 4-ethyl-

1,4-hexadiens, 3-methyl-1l,5-hexadiene, 3,3-dimethyl-1,4-

hexadiene, 3,4-dlemthyl-1l,5-hexadiene, S5-methyl-1.4-

heptadiene, 5-ethyl-1l,4-heptadiene, S-methyl-1.5-

heptadiene, 6-methyl-1l,5-heptadiene, 5-ethyl-1,5-

heptadiene, 3-methyl-1,6-heptadiene, 4-methyl-1.6-

heptadiene, 4,4-dimethyl-1,6-heptadiene, 4-ethyl-1,5-

heptadiene, 4-methyl-1,4-octadiene, 5-methyl-1,4-occtadiene,



4-ethyl-1,4-octadiene, 5-ethyl-1,4-octadiene, 5-methyl-
1,5-octadiene, 6-methyl-1,5-octadiene, 5-ethyl-1,5-

octadiene, 6-ethyl-1l,5-octadiene, 6-methyl-1,6-octadiene,

7-methyl-1,6-octadiene, 6-ethyl-1,6-octadiene, 6&-propyl-
1,6-octadiene, 6-butyl-1,6-octadiens, 4-methyl-1,4-
nonadiene, 5-methyl-1.4-nonadlene, 4-ethyl-1l,4-nonadiene,

5-ethyl-1,4-nonadiene, S5-methyl-1l,5-nonadiene, &-methyl-

1,5-nonadiena, 5-ethyl-1,5-nonadiene, 6-ethyl-1,5-
nonadiene, 6-methyl-1l,6-nonadiens, 7-methyl-1,6-nonadiene,

6-athyl-1,6-nonadiena, 7-ethyl-1,6-nonadiens, 7-methyl-

1,7-nonadiene, 8-methyl-1,7-nonadiene, 7-ethyl-1,7-

nonadiene, 5-methyl-1,4-decadiene, S5-ethyl-1l,4-dicadiene,

S-methyl-1l,5-decadiene, 6-methyl-1,5-decadiene, S5-ethyl-

1,5-decadiene, 6-ethyl-1l,5-decadiene, 6-methyl-1l,6-

decadiene, 6-ethyl~-1l,6-decadiene, 7-methyl-1,6~decadiene,

7-ethyl-1.6-decadlene, 7-methyl-1l,7-decadiene, 8-methyl-

1,7~decadiene, 7-ethyl-1,7-decadiene, 8-ethyl-1,7-

decadiane, B-methyl-l.s-decadiene,9-methyl-l,8—decadiene,

8-ethyl-1,8-decadiene, 6-methyl-1l,8-undecadiens, 9-

methyl-],8-undecadiene, 6,10-dimethyl-1,5,9-undecatriene,

5,9-dimethyl-1,4,8-decatriene, 4-ethylidene-8-methyl-1,7-

nonadiene, 13-etbyl-9-methyl-1,9,12-pentadecatriene,

5,9,13-trimethyl-1,4,8,12-tetradecadiene, 8,14,16-

trimethyl-1,7,1l4-hexadecatriene, 4-ethylidene-1l2-methyl-

1,11-pentadecadiens and the like. Examples of the alicyclic

-
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non-conjugated polyene compound include vinylcyclohexene,
5-vinyl-2-norbornene, 5-ethylidene-2-norbornens, 5-

methylene-2-norbornene, S5-isopropenyl-2Z-norbornene,

cyclohexadiene, dicyclopentadiene, cyclooctadiene, 2,5-

norbornadiene, 2-methyl-2.5-norbornadiene, 2-ethyl-2,5-

norbornadiene, 2,3- -diisopropylidene-5-norbornens, 2-

ethylidene-3-isopropylidene-5-norbornene, 6-chloromethyl-

5-isopreopenyl-2-norbornene, 1,4-divinylcyclohexane, 1,3~

divinylcyclohexane, 1l,3-divinylcyclohexane, 1,5-

divinylcyclooctane, l-allyl-4-vinylcyclohexane, 1,4-

digllylcyclohexane, l-allyl-5-vinylcyclooctane, 1,5-

dlallylcyclooctane, l-allyl-4-isopropenylcyclochexane, 1-

isopropenyl-4-vinylecyclohexane, l-isopropenyl-3-

vinylcyclopentane, methyltetrahydroindene and the like.
Examples of the aromatic non-conjugated polyene compound

include divinylbenzena, vinylisopropenylbenzene and the
like.

{c)} Cyclic olefin compound

Examples of the cyclic olefin constituting the

olefin-based copolymer used in the present invention include

Iy
EY

norbornsne, 5-methylnorbornene, 5-ethylnorbornene, 5-

propylnorbornene, 5,6-dimethylnorbornens, 1-

methylnorbtornens, 7-methylnorbornene, 5,5,6-

trimethylnorbornene, S5-phenylnorbarnene, 5-

benzylnorbornene, 5-ethylidenenorbornene, 5-

-
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vinylnorbornene, 1,4,5,8-dimethano-1,2,3,4,4a.5,8,8a-

octahydronaphthalene, 2-methyl-1,4.5,8-dimethano-~

1,2,3,4,4a,5,8,8a-octahydronaphthalene, 2-ethyl-1,4,5,8-

dimethano-1.2,3,4,42,5,8,8a-octahydronaphthalene, 2,3-

dimethyl-1,4,5,8-dimethano-1,2,3,4,42,5,8,8a~
octahydronaphthalene, 2-hexyl-1,4.,5,8-dimethano-

1,2.3,4.4a,5,8,8a-octahydrenaphthalene, 2-ethylidene-

1,4,5,8-dimethano~-1,2,3,4,4a,,5,8,8a-octanydronaphthalene,
2-fluocro-1,4,5,8-dimethano-1,2,3,4,42,5,8,8a~

octahydronaphthalene, 1,5-dimethyl-1,4,5,8-dimethano-

1,2,3,4,4a,5, 8 8a-octahydronaphthalene, 2- cyclohexyl—

1.4.5,8-dimethano-1,2,3,4,4a,5,8,8a- octahydronaphthalena,
2,3-dichloro-1,4,5,8-dimethano-1,2,3,4,4a.5,8,.8a-

octahydronaphthalene, 2-isobutyl-1l.4,5,8-3dimethanol-

1,2,3.4,4a,5,8,Ba-octahydronaphthalene, 1,2-

dihydrodicyclopentadiene, 5-chloronorbornsne, 5,5-

"dichloronorbornene, 5-fluoronorbornene, 5,5.,6-trifluoro-

6-trifluoromethylnorbornena, 5-chloromethylnorbornene, 5-

methoxynorbornene, 5,6-~dicarboxynorbornene anhydrate, 5=

dimethylaminonorbornene, 5-cyclonorbornene, cyclopentens,

3-methylcyclopentene, 4-methylcyclopentene, 3,4-

dimethylcyclopentene, 3,5-dimethylcyclopentens, 3-

chlorocyclopentene, cyclohexene, 3-methylcyclochexens, 4-

methylcyclohexene, 3,4-diemthylceyclohexene, 3~

chlorocyclohexens, cycloheptene and the like.
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{d) Vinyl aromatic compound

Examples of the vinyl aromatic compound which can be used
in constituting the olefin-based copolymer used in the

present invention include styrene, C¢-methylstyrene, p-

methylstyrene, vinylxylene, monochlorostyrene,
dichlorostyrene, monobromostyrene, dibromostyrene,

fluorostyrene, p-tert-butylstyrene, ethylstyrene,

vinylnaphthalene and the like.

Further, in the present invention, from the standpoint
of stable prassure-sensitive adhesion force to an article to
be adhered, which is one of objects of the present invention,

it is preferable to use a polymer composed of a speacific
combination of monomers selected f£from the above-mentioned

monomers, and preferable examples thereof include the

following combinations @D to ®. .

@ olefin-based copolymers obtained by copolymerizing
ethylene and an @ -olefin having 3 to 20 carbon atoms as

essential components, and optiomnally, one or more monomexr

components selacted from palyene compounds, cyclic olefins

and vinyl aromatic compounds.

® olefin-based copolymers cocbtained by copolymerizing
ethylene and an & -olefin having 4 to 20 carbon atoms as

essantial components, and optionally, one or more monomer

components selected £rom polyene compounds, cyclic olefins

and vinyl aromatic compotunds.

- 25 -
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® oOlefin-based copolymers obtained by copolymerizing
ethylene, propylene and an ¢ -olefin having 4 to 20 carbon
atoms as essential components, and gptionally, one Oor more
monomer components selected from polyene compounds, cyclic

olefins and vinyl aromatic compounds.

@ olefin-based copolymers obtained by copolymsrizing

propylene and an ¢ -olefin having 4 to 20 carbon atoms as

essential components, and optionally, one or more monomerxr

components selected from polyene compounds, cyclic olefins

and vinyl aromatic compounds.

® olefin-basead copolymers composed of ethylene and an

¢ -0lefin having 4 to 20 carbon atoms.

® o0lefin-based copolymers composed of ethylene, an
~olefin having 4 to 20 carbon atoms and a polyene compound.

@ olefin-based copolymers composed of ethylene, an ¢

-olefin having 4 to 20 carbon atoms and a cyclic olefin

compound.

® oOlefin-based copolymers composed of ethylene, an @
-olefin having 4 to 20 carbon atoms and a vinyl aromatic.
compounq.

@ olefin-based copolymers composed ¢f ethylene, an C

~olefin having 4 to 20 carbon atoms, a polyene compound and

a vinyl aromatic compound.

@ olefin-based copolymers composed of ethylene,

propylene and an ¢ -olefin having 4 to 20 carbon atoms.
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@D oiefin-based copolymers composed of ethylene,

propylene, an ¢ -olefin having 4 to 20 carbon atoms and a

polyene compound.

@ olefin-vased copolymers composed of ethylene,

propylene, an @-olefin having 4 to 20 carbon atoms and a

cyclic olefin compound.

® olefin-based copolymers composed of ethylene,

propylene, an & -olefinhaving 4 to 20 carbon atoms and a vinyl

aromatic compound.

@ olefin-based copolymers composed of ethylene,

propylene, an & -olefin having 4 to 20 carbon atoms, a polyene

compound and a vinyl aromatic compound.

® olefin-based copolymers composed of propylene and an

¢ ~olefin having 4 to 20 carbon atoms.

® olefin-basea copolymexrs composéd of propylens, an &

-olefin having 4 to 20 carbon atoms and a polyene compound.

@ Olefin-based'copolymers composed of propylene, an &

-olefin having 4 to 20 carbon atoms and a cyclic olefin

compound.

@® olefin-based copolymers composed of propylene, an ¢

»

-olefin having 4 to 20 carbon atoms and a vinyl aromatic

compound.,

@ olefin-based copolymers composed of propylene, an ¢
-olefin having 4 to 20 carbon atoms, a polyene compound and

a vinyl aromatic compound.
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Of the above-mentioned combinations, the followilng

combinations are praferably used, from the standpoint that
the pressure-sensitive adhesive of the present invention has

stable pressure-sensitive adhesion force particularly under

lower temperature environment.

@ olefin-based copolymers obtained by copolymerizing
ethylene and an ¢-olefin having 4 to 20 carbon atoms as
essential components, and optionally, one Or more MONOmer

components selected £from polyene compounds, cyclic olefins

and vinyl aromatic compounds.

® olefin-based copolymers obtained by copolymerizing

ethylene, propylene and an ¢ -olefin having 4 to 20 carbon
atoms as essential components, and optionally, one or mora
monomer components selected from polyene compounds, cyclic
olefins and vinyl aromatic compounds.

Of the above-mentioned combinations, the foliowing
combinations are preferably used, from the standpoint that
the pressure-sensitive adhesive of the present invention has
weather-resistancse.

® Olefin-based copolymers composed of ethylene, an C
-olefin having 4 to 20 carbon atoms, a polyene compound and
a vinyl aromatic compound.

® olefin-based copolymers ccmposed of ethylene,
propylene aud an a-olefip having 4 to 20 carbon atoms.

Further, it is preferable that the olefin-based
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copolymer usad in the present invention has neithar a peak
of 1 J/g.or more based on melting of a crystal nor a peak of
1 J/g or more based on crystallization, when measured

according to JIS K 7122 using a differential scaanning

calorimeter {DSC). Moreover, the olafin-based copolymer

used in the present invention has a glass transition
temperature (Tg) of preferably — 10T or less, more

preferably —20T or legs, and particularly preferably — 25C

or less. When this conditilon is not satisfied, an

pressure-sensitive adhesive comprising the copolymer may be
inferior in stable presg-sensitive adhasion force undar lower
temperature anvironment, and in the case of use as a hot-

melt adhesive, the flexibility of a connected portion may be

poor.

As the dlfferential scanning calorimeter, thers is used,
for example, DSC 220C manufactured by Seiko Instruments Inc.,

and the measuring speed is 10C/min. in temperature raising

and lowering processes.

The olafin-based copolymer used in the present invention

has a molecular weight distribution (Mw/Mn) measured by gel

Y
>

permeation chromatography (GPC) of preferably 5 or less, more

prefesrably 4 or less and further preferably 3 or less. When

the molecular welght distribution is too wide, blead out of

lower molecular welght components may increase, and a

pressure-sensitive adhesive comprising the copolymer may not




have sufficient stable pressure-sensitive adhesion £force
particularly under high temperature environment, and may tend
to pollute the surface of an article to be adhered after use.
Measurement of the molecular weight distribution is
conducted by a gel permeation chromatography (GPC) method,

for example, using 150C/GPC apparatus, manufactured by Waters

Co.. The elution temperature is 140T, and for example,

Shodex Packed Column A-80M manufactured by Showa Denko K.K.

is used as a column, and polystyrens, for example,

manufactured by Tosoch. Corp., molecular weight 68 to

8,400,000 is used as a molecular weight standard substance.
The wsight-avarags molecular wsight (Mw) and the number-
average molecular welght (Mn) are obtained in terms of

polystyrene, and this ratio {Mw/Mn) is called molecular

welght distribution. About 5 mg of a polymer is dissolved

in 53 ml of o-dichlorobenzene to prepare a measuring sample

having a concentration of about 1 mg/ml. 400 U 1 of the

resulted sample solution is injected, elution solvent flow
rate is controlled to 1.0 ml/min., and detection is conductad

by a refractive index detector.

»

The olefin-based copolymer used in th.e present invention
has an intrinsic viscosity [ 7] obtained by using & tetralin
solvent at 135T of preferably from 0.1 to 10.0 dl/g. more
preferably from 0.2 to 7.0 d1/g. and further preferably from

0.3 to 5.0 dl/g. When this intrinsic viscosity is too low,



the heat-resistance of thea resulting olefin-based copolymer
may be inferior, therefore, a pressure-sensitive adhesive
comprising the copolymer may have poor pressure-sensitive

adhezion force particularly under high temparature

environment, and on the other. hand, when the intrinsic

viscosity is too high, the resulting olefin-based copclymer
‘may be poor in flexibility, therefore, a pressure-sensitive

adhesive comprising the copolymer may have poor pressure-

sensitive adhesion forcae.

The intrinsic viscosity [7] is measured by using an

Ubbellohde viscometer in tetralin at 133C. 300 mg of the

sample is dlssolved in 100 ml of tetralin to prepare a 3 mg/ml

solution. Purther, this golution is diluted 2-fo0ld, 3-fold

and 5-fold, and the intrinsic viscosity of each of them is
measured in a constant temperature oil bathat 135C (£0.1C).

The measurement is repeated three times at sach concentration,

and the resulted wvalues are averaged for uss.

The olefin-based copolymer used in the present invention
can be produced by using a known Ziegler-Natta catalyst ox

a known single site catalyst such as metallocene type, and

-
»

the like. From the standpoint of uniformity of the composition
distribution of the resulting polywmer, a known single site
catalyst such as metallocene type, and the like is preferabls.

Examples of this single site catalyst include metallocene

type catalysts described, for example., in Japanese Patent



Application Laid—Open (JP—A) Nos. 58-19309, 60-35005,

60-35006, 60~35007, 60-35008, 61-130314, 3-163088, 4-268307,
9-12790, 9-87313, 10-508055, 11-80233, 10-508055 and the like,

and non-metallocene type complex catalysts described in JP-A

Nos. 10-316710, 11-100394, 11-80228, 11-80227, 10-513489,

10-338706 and 11-71420. Among them, matallocene catalysts are
generally used, and as suitable metallocene catalyst example,
it is preferable to use a transition metal complex of group
I1TI to group XII of the perlodic table which has at least one
ecyclopentadiene-type anion skeleton and has C; symmetric

structure from the standpoint of the flexibility of the

resulting polymer. PFurther, the method described in

Japanese Patent Application No. 11-206054 can be exemplified
as a suitable example of the production method using a
metallocene catalyst in obtaining a polymer having higher
molecular weight.

Subsequently, a thermoplastic resin composition
comprises a novel olefin~based copolymer used in the present
invention and a thermoplastic resin will be described.

Th? thermoplastic resin composition used in the present
inventic:n ig a thermoplastic resin composition comprising (i)

a thermoplastic resin, and {ii) the olefin-based copolymer

used in the present inventilon, as essential components. The

uged amounts of them are not particularliy restricted, howaver,

from the standpoints of £lexibility and heat-resistance, the
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ratio by weight of a thermoplastic resin to an olefin-based
copolymer is preferably from 1/99 to 95/5, more preferably

from 3/97 to 90/10, particularly preferably from 5/95 to
80/20.

The component (i) used in the thermoplastic resin
composition of the present invention is a thermoplastic rasin.

The component (i) can be widely selected from Xnown various

thermoplastic resinsg, and there are listed, for example,

polyethylene-based resins such as ahigh density polyethylene,
middle density polyethylene, low density polyethylene,
linear low density polyethylene {(LLDPE} and the like;
polypropylene-bésed resin, polybutene-based resins, poly-
4-methyl-pentene-l-based resins, polystyrene-based resins,
polyestar-based resins, polyamide-based resins,

polyphenylene ether-basad resins, polyphenylene oxide resins

polyacetal-based resins, polycarbonate-based resins and the

like. (i-1l) Polyolefin-based resins are preferable. (i~

2) Polyolefin-based resins mainly composed of aliphatic
oclefins having 2 or more carbon atoms are mors praferable

(i-3) Polyolefin-based resins mainly composed of aliphatic

olefins having 3 oxr more carbon atoms are further preferable,

and (i-4) polypropylene-based resins ars particularly

preferable.

As the polypropylene-based resin {(i-4), there can be

used crystalline polypropylene mainly having isostatic or

This Sheet Has Been Replaced
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syndiotactic sequence structure of homo type or of random type
containing a comonomer, or those having various structures

such as block polypropylene obtained by multi-stage

polynerization. This polypropylene-based rsesin can be

obtained by adopting a gas phase polymerization method, bulk
polymerization method, solvent polymerizaticn method or
multi-stage polymerization method combining them. The
number-average molecular weight of the polymer is not

particularly restricted and preferably controlled from

10,000 to 1,000,000.

As the index of the crystallinity of the
polypropylene~basedresin(i-4),fo:example,meltingpoint,
crystal melting caloxrie and the like are used, and it is

preferable that the melting point is from 80T to 176TC and

the crystal melting caloxrie is from 30 J/g to 120 J/g. It

is further preferable that the melting point is from 120°C
to 176C and the crystal melting calorie is from 60 J/g to
120 J/g. When the melting point of a crystal is too low orx
the melting calorie is too low, the heat-resistance of the

resulting thermoplastic resin composition may decrease,

*a

conseguently, the pressure-sensitive adhesion force under

high temperature environment of a pressure-gensitive

adhesive containing the aforesaid composition may decrease,
For producing the polypropylens-based resin (i-4),

there are generally listed methods in which a homopolymer is
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obtained by homopolymerization of propylene via one stage oxr
multl stages or a copolymer is obtained by copolymerizing
propylene with one or more olefins selected from clefins
having 2 to 12 carbon atoms other than the propylene via cne
stage or multi stages, in a slurry polymerization, gas phase
polymerization, bulk polymerization or solution
polymerization method or a pplymerization'method combining
them. using & Ziegler-Natta catalyst combining a
titanium-containing solid transition metal component and an
organometal component, or a metallocene catalyst comprising
a compound of a transition metal of group IV to group VI of

the periodic table having at least one cyclopentadienyl
skeleton and a co-catalyst component. TFurther, commercially

available products can also be used.

In the thermoplastic resin composition used in the
present invention, 1t is preferable that the bending modulus
{Ub(MPa}) measured according to JIS K 7203 satisfies the
relation of the following formula.

Ub=<1.5XSbX (Th/100)33
More prgferably

UbS1.4XSbX (Th/100)3?

Further preferably

Ub=1.3XSbX(Th/100)%?
Particularly preferably

Ub=1.2XSpX (Tb/100)3"?
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When the bending modulus is out of the above-described
range, the thermoplastic resin composition may be inferior
in flexibility., consequently, the resulting pressure-

sensitive adhesive may have poor pressure-sensitive adhesion

force. In the above-described formula, Ub represents the

bending modulus (MPa) measured according to JIS X 7203, and

Tb represents the added parts (%) of the thermoplastic resin

composition.

In the olefin-based copolymer used in the present
invention and a thermoplastic resin composition containing
this olafin-base_d copolymer, known thermoplastic resins,
rubbar, and other componants can be selected and compounded
appropriately, if necessary, within a range wherein the
object of the present invention does not deteriorate, and the
thermoplastic resin composition used in the present invention
may also be a tharmoplastic resin composition comprising (i)
a thermoplastic resin, (ii) a olefin-based copolymer used in
the present invention and (1ii1) other alastomer, as essential
components.

In the component (i)}, the thermoplastic resin

can be selected for use from various ethylene-based resins,

EY

various polypropylene-based resins, various polybutene-

based resins, various polymethylpentene-based resins,

polystyrene-based resins, copolymer resins of ethylene with

acrylic monomers, copolymer resins of ethylene with wvinyl

acetate-based monomers, copolymer resins of ethylene with



methacrylic monomers, acrylic resins, polyester-based resins,
polycarbonate-based resins, nylon-based resins, polyvinyl

alcohol-based resins and the like. As (iii}the other

elastomer, there are exemplified ethylene/a -olefin-based
copolymer rubber, ethylene/ € olefin/polyene-based
copolymer rubber; and styrene-based rubber such as
styrene-butadiene-styrene block copolymer (SBS), styrene-
isoprene-styrens block copolymer (SIS), hydrogenated
styrene-isoprene-styrene block copolymer (SPES),
hydrogenated styrene-butadiene-styrene block copolymex
{SEBS) and the like; diene-based rubber, known cross-linking
rubber. And if nécessary, other components can also be added
to theése components, and examples of these components which
can be added include rosin-based resins, polyterpene-based
resing, synthetlic petroleum resins, cumarone-based resins,
phenol-based resins, xylene-based resins, isoprene-based
resins and the 1like,

In the olefin-based copolymer used in the present
invention and a thermoplastic resin composition containing

this olefin-based copolymer, if necesgary, cross-linking can

Y
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also be conducted such as sulfur cross-linking, peroxide
cross-linking, metal ion cross-linking, silane crogs-linking,

resin crosg-linking and the like according to conventionally

known methods. As the cross-linking agent, there can be used

cross-1linking agents generally used for wulcanization of
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rubber, and there can be exemplified cross-linking agents
such as sulfur, phenols resing, metal oxides, metal
hydroxides, metal chlorides, p-gquinonedioxime or

bismaleimide-based cross-linking agents and the like. Thse

cross-linking agent can be used alone, and for controlling

the cross-linking speed, a cross-1linking promoter may also

be used together. As the cross-linking prometer, there can

be used oxidizing agents such as red lead, dibenzothilazoyl

sulfide and the like. Further, a metal oxids such as zinc

oxide oxr the like, stearic acid and the like can also be used
together as a dispersing agent. As the metal oxide, zinc
oxide, magnesium oxlide, lead oxide, calcium oxide and the like
can be used, and zinc oxide or magnesium oxide is preferable.
Further, the thermoplastlic resin composition used in the
present invention can be dynamically cross-linked in the
presence of a cross-li;xking agent to obtain a cross-linked
substance.

For obtaining the thermoplastic resin composition used
in the present invention, the components as explained above
may be ‘advantageously kneaded using a usual knsading

apparatus, for example, 2 rubber mill, Brabender mill,

Banbury mixar, press kneader, ruder, twin-screw extruder and

the like. The kneading apparatus may be any of closed type

and open type apparatuses, and a closed type apparatus in which

inert gas purging is possible is preferable. The kneading
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temperature is a temperature at which all of mixed constituent

components are melted, and usually f£rom 160 to 250TC,

preferably from 180 to 240 . The kneading time can not be

absolutely discussed since it depends on the kind and quantity
of a mixed constituent component, and the kind of a kaneading
apparatus, and in the case of use of a kneading apparatus such

as a pressure kneader, Banbury mixed and the 1ike, the kneading

time is usually from about 3 to 10 minutes. In the knaading

process, constituent components may be kneaded in one time,
and alternatively, a multi-stage divided kneading method can
also be adopted in which a part of constituent components is

kneaded, then, the remaining constituent components are added

and kneaded.

As additive components to the olefin-based copolymer and

thermoplastic resin composition used in the present invention,

various stabilizers such as an antioxidant, ozone

degradation inhibitor, ultraviolet ray absorber, light

stabilizer and the like can be appropriately compounded.

Further, additives such as an antistatic agent, slipping

agent, internal relesasing agent, coloring agent, dispersing

*a

agent, anti-blocking agent, lubricant, anti-fogging agent
and the like can appropriately be compounded.

In the olefin-based copolymer and thermoplastic resin
composition used in the present invention, there can be

appropriately compoundsd £illers such as glags fiber, carbon



fiber, metal fiber, glass bead, asbestos, mica, calcium

carbonate, potassium titanate whisker, talc, aramide f£iber,
barium sulfate, glass flake, fluorine resin and the like,
mineral oil-based softeners such as naphthenes o0il,

paraffin-based mineral oil, and the like, as additive

components,

In the olefin-based copolymer and thermoplastic resin

composition used in the present invention, there-can be

appropriately compounded a flame retardant as an additive

component. Examples of the flame retardant include

inorganic compounds such as an antimony-based flame retardant,

aluminum hydroxide, magnesium hydroxide, zinc boratse,

guanidine-based flame retardant, zirconium-based flame
retardant and the like, phosphates and phosphorus compounds
such as ammonium polyphosphate, ethylenebistris(2-

cyanoethyl)phosphonium chloride, trig(tribromophenyl)

phosphate, tris{tribromophenyl) phosphate, tris(3-
hydroxypropyl)phosphine oxide and the like, chlorins-based

£lame retardants such as paraffin chloride, polyolefin

chloridg, perchlorocyclopentadecans and the like,
bromine-based flame ratardants such as hexabromobenzene
ethylenebisdibromonorbornanedicarboxyimide,
ethylenebistetrabromophthalimide, tetrabromobisphenol A
derivative, tetrabromobisphenol S,

tetrabromodipentaerythritol and the like, and mixtures

S
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thareof.

The olefin-based copolymer and thermoplastic resin
composition used in the present invention can also be used

as a foamed body by compounding a foaming agent as an additive

component., As specific examples of the foaming agent which

can be suitably used for such foaming, there can be added main

foaming agents such as sodium bicarbonate, ammonium

bicarbonate, ammonium carbonate and the 1ike, nitroso

compounds such as N,N'-~dinitrosopentamethylenetetramine and
the like, azo compounds such as azocarbonamids,
azoisobutyronitrile and the 1ike, benzenesulfonylhydrazine ,

P.p'~oxybis(benzenesulfonylhydrazide),

toluenesulfonylhydrazide, and sulfonylhydrazides such as

toluenesnlfonylhydrazide derivatives and the likxe. Further,

a foaming aid can be appropriately used in the foaming

processing. As specific examples of the foaming aid, there

can be exemplified salicylic acid, urea and compounds thereof,
and the like,

When high frequency processing is reguired in the -
prasent.‘ invention, any polar polymer can be added. As
specific examples of such a polar polymer, there can bhe
exemnplified copolymers or multinary copolymers of sthylene
with one or more comonomers selected from monocarboxylic
acids such acrylic acid, methacrylic acid, ethacrylic acid,

crotonic acid and the like, dicarboxylic acids such as maleic
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acid, fumaric acid, itaconic acid, citraconic acid and the

like and monoesteaers thereof, acrylates or methacrylatas such
as methyl methacrylate, methyl acrylate, ethyl acrylate and
the 1iRe, vinyl esters of saturated carboxylic acids such as
vinyl acetate, vinyl propionate and the like, and lonomers
thereof,

In the pressure-sensitive adhesive of the present
invention, a pressure-~sensitive adhesion imparting agent may
also be added for the purpose of improvement of tack and for
other purposes, though the pressure-gensitive adhesion
imparting agent 15 not essential constituent element.

As the
pressure-sensitive adhesion imparting agent,

there can be
listed so-called tackifiers such as natural rosin regins such
as rogin, dammar and the like, modified rogin and derivatives
thereof, terpene-based resins and modified thereof,
aliphatic hydrocarbon resing, aromatic hydrocarbon resins,
alkylphenol resins, cumarone-indene resgins and the like.
Among them, terpenes such as terpenephenol, « -polyterpene

and the like are preferable compounds. Specifically, ¥S

Resin ?9-105, Clearon {these ars manufactured by Yasuhara
Chemical K.K.), Alcon, Estergum, Pencel (thesa are
manufactured by Arakawa ¥Xagaku K.X.), and the like are
axemplified,

The pressure-sensitive adhesive of the prasent

invention can also be used for a multi-layer laminate of two



or more layers which has one layer comprising a layer composed

of the pressure-sensitive adhesive of the present invention

as the outermost layers a layer. 1In this laminate, materials

constituting the layers may be the same mutually oxr different,
and the materials constituting the layers can be selected from
known thermoplastic resins other than the thermoplastic resin

composition used in the present invention, rubber, and other

components, Of these material, the thermoplastic resin can

be selected from various ethylens-basad resins, wvarious

polypropylene-based resins, various polybutens-based resins,
various polymethylpentene-based resins, polystyrene-based
resins, copolymér resins of sthylene with acrylic monomers,

copolymer resins of ethylene with wvinyl acetate-based

monomers, copolymer resinsg of ethylene with methacrylic

monomers, acryllic resins, polyester-based resins,
polycarbonate-based resins, nylon-based resins, polyvinyl
alcohol-based resins and the like. As the rubber, there are
exemplified ethylens/ d -olefin-based copolymer rubber,
ethylene/ ¢ ~clefin/polyene-based copolymer rubber,
styrene.—based rﬁbber, hydrogenated styrene-based rubber,
diene-based rubber, known cross-linking rubber. Examples of

other components include materials selected from woven fabric

and non-woven fabric and the like, various stabilizers,

various additives, f£fillers, mineral cil-based softeners,

flame retardants, high frequency processing aids, rosin-
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based resins, polyterpene-based resins, synthetic petroleum

resins, cumarons-based resins, phenol-based resins,

xylene-based resins, isoprene-based resins and the like, and
these can be appropriately compounded.

The method for producing the above-mentioned
pressure-sensitive adhesive is not particularly restricted,
and, for example, the adhesive can also be prepared in the
formof a single layer sheat or £ilm by dry-blending components
ox kneadiné components using a usual kneading apparatus, for
example, a rubber mill, Brabender mill, Banbury mixer, press
kneadexr, ruder, twin-screw extruder and the like, then,
subjecting the product to an inflation method, or extrusion
methodusinga ’1‘ die, single~screw drawing (extruding) method,
twin-screw drawing (extruding) method, calender roll method
and the like, or can also be prepared in the form of a laminated
sheet or £ilm by adopting technologles such as co-extrusion,
extrusion coating method (also referred to as extrusion
laminate method) and the like using an inflation film
producling apparatus or T die £41lm producing apparatus and the
like. The thickness of the resulting sheet or £ilm is not
particularly restricted, and preferably from 0.001 to 5 mm,
further preferably from 0.005 toc 2 mm.

The pressure-sensitive adhesive of the present
invention may alsoc be used as a pressure-sensitive sheet or

£ilm composed of a substfate and a pressure-sensitive



adhesive layer. The substrate is not particularly

restricted, and there are exemplified crystalline
pelypropylene, polypropylene-based resins obtained by
homopolymerization of propylene or random or block-
copolymerization of propylene with an & -olefin,
polyethylene-based resins of low density polyethylene,
middle density polyethylene, high density polysthylene and
linear low density polyethylene; poly-4-methyl-pentene-1-
ethylene- & ~olefin copolymer, propylene- ¢ -olefin copolyner,
ethylene-ethyl acrylate copolymer, ethylena-vinyl acetate
copolymer, ethylene-methyl methacrylate copolymer,

athylene-n~-butyl acrylate copolymer, and the like, providing

they are thermoplastic resins. Furxther, mixtures of any

combination of the above-mentioned resins can also be used.
Among them, polysthylene-based resins or polypropylene-based
rasins having good compatibility with the olefin-based
copolymer used in a pressure-sensitive adhesive layer are
preferable £from the standpoint that a composition having
excellent flexibility., pressure-sensitive adhesion and-.
scrath-resistance is obtained effectively. For giving
pregsure-sensitive adhesion between a pressure-sensitive
adhesive layer and a substrate without inter-layer peeling,
those comprising a pressure-sensitive adhesive layer and a
substrate made of the same thermoplastic resin are preferable,

and those show excellent recycling property. Further, the



pressure-sensitive adhesion of a pressure-sensitive adhesive

layer can be controlled by the blending ratioc of an

olefin-based copolymer and a thermoplastic rasin used in the

pressure-sensitive adhesive layer. If the content of a

thermoplastic resin is increased in the blending system,_USe

as a substrate is also possible.
The above-mentioned substrate may be a gingle layver

sheet or £ilm, or may also be a composite sheet or f£ilm of

two or more layers. The substrate may be colorless and

transparent, however, the above-mentioned raw materials may

also be subjected to coloration or printing before ntilized

in various uses.

For obtaining the pressure-sensitive adhesive sheet or

film of the pregent invention, a substrate layer and a

pressure-sensitive adhesive layer can be prepared in the form

of a laminated sheet or f£ilm by adopting technologies such

‘as co-extrusion, extrusion coating method (also refarred to

as extrusion laminate method) and the like using an inflation

£ilm producing apparatus or T die f£ilm producing apparatus
and the like.

*»

The thickness of the resulting sheet or £ilm
is not particularly restricted, and preferably from 0.001 to

5 mm, further preferably from 0,005 to 2 mm.

Further, when a pressure-sensitive adhesive sheet or
film is used particularly as a wound article, it is possible,

from the standpoint of drawing ability, namely, self



releasing property. to sandwich releasing paper, or Lo

provide a coating of a releasing agent, for example, a
silicone-based agent, an agent mainly composed of a long chain
alkyl group adduct of polyethyleneimine, and the like, to
further decrease affinity with its rear surfacs.
Alternatively, it is possible to use variocus functional
additives according to demagds such as compounding of a
releasing agent and other additives to improve lubxication
property of the surface, and the like, within a range wherein
the effect of the present invention does not deteriorate.
The pressure-sensitive adhesive obtained by the presgent
invention can be.suitably used as a pressure-sensitive
adhesive sheet or £ilm for packaging and casing, office and
domestic use, electric insulation or identification,
fixation or binding, repair and duct works, masking tape:
{sheet or £ilm) oxr as a protective sheet or £ilm for prevention
of scratch in transportation, storage and stacking from
production to processing step, or prevention of scratch in
sacondary work in bending work and press work, of stainless

and aluminum plate as construction materials, decorative

»

laminated plate, steel plate, resin platse, glass, or domestic
electric products, precise machinery, and antomobile body,
as well as in other uses.

When the olefin-based copolymer used in the present

invention and a thermoplastic resin composition containing
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this olefin-based copolymer is used the hot-melt adhesive,
it is5 suitably used for mutual adhesion of a polyolefin-based
resin or adhesion of a polyolefin-~-based resinwith a different

material, or mutual adhesion of rubber or adhesion of rubber

with a different material . As the rubber harein referred

to, vulcanlzed rubber or non-vulcanized rubber is applied,

and examples thereof include butyl rubber, isoprena rubber,

butadiene rubbexr, ethylene propylene rubber, ethylene
propylene diene rubber, styrene butadiene rubber, styrene
butadiene rubber, chloroprene rubber, natural rubber,
acrylic rubber, _olefin-based elastomer, styrene-based
elastomer and the 1like. As differentmaterials, paper, cloth,
leather, wood, various synti:letic resins, metal, synthetic
resin plate, decorative plywood, metal plate, coated steel
plate, stone materials, glass and the like are listed.

As the adhesion method, various methods are applied.
For example, for adhering a polyolefin resin, there are used
adhesion methods generally used in hot-malt adhesion such as
a method in which the hot-melt adhesive of the present .
:anenti‘?n which has been melted is applied on the adhesion
surface bstween a polyolefin resin molded articls and anothexr
adhesion article, and immediately they are adhered under
pressurs, or a method in which a tape or sheet made of the
hot-melt adhesion of the present invention is sandwiched

between both adhesion articles, and they are melted for

I
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adhesion by a hot air furnace, heat press, high frequency ancll
the like, as well as other methods. Likewise, for. adhering
wvulcanized rubﬁer, thera are used adhesion methods generally
used in hot-melt adhesion such as a method in which the
hot-melt adhesive of the present invention which has been
melted is applied on the adhesi.on surface between a vulcanizead
rubber molded article and another adhesion article, and
immediately they are adhered under pressure, or a method in
which a tape or sheet made of the hot-melt adhesion of the
present invention is sandwiched between both adhesion
articles, and they aremelted for adhesion by a hot air furnace,
heat press, high frequency and the like, as well as other

methods. Further, in adhesion of non-vulcanized rubbar,

vulcanization and adhesionh can be conducted simultanecusly
by a method in which the hot-melt adhesive of the present
invention which has been melted is applied on the adhesion
surface between a non-vulcanized rubber compound molded

article and another adhesion article, then, temperature and
pressured required for vulcanization of rubber are applied,
or a2 method in which a tape or sheet made of the hot-melt
adhesio‘n of the present invention is sandwiched betwgen both
adhesion articles, and temperaturs and pressured required for

valcanizatlion of rubber are applied by a hot air furnace, heat

prass, high frequency and thes like, as well as other methods.
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Example

The following examples will explain the present
invention further in detail below, but they are only

illustrative and d¢ not limit the scope of the invention.

[1] Synthesis of olefin-based copolymer

Example 1

Ethylene, propylene and l-butene were copolymerized
¢ontinuously using a 100 L stainless steel (SUS)
polymerization vessel equipped with a stirring blade. That
is., hexane as a polymerization solvent, ethylene, propylene
and l-butene were continuously fed from the lower portion of
the polymerization vessel at speeds of 83 L/hr, 4.5 Kg/hr,
1.9 Kg/hr and 17.1 Kg/hr, respectively. On the other hand,
the polymerization solution was continuously extracted from
the upper poxtion of the polymerization vassel so that the
amount of the polymerization sclution in the polymerization
vessel was kept at 100 L.
Dimethylsilyl(tetramethylcyclopentadienyl){3-tert-butyl-
5-methyl-2-phenoxy)titanium dichloride,
triphqulmethyltetrakis{pentafluorophenyl) borate, and
triilsobutylaluminum (hereinafter, abbreviated as TIBA)} as
catalysts were fed continuously into the polymerization

vessel from the lower portion of the polymerization vessel

at speeds of ¢.012 g/hr, 0.640 g/hr and 2.314 g/hr. Further,

the molecular weight was controlled by using hydrogen. The.
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copolymerization reaction was conducted at 50C while
allowing cooling water to circulate through a jacket mounted
on the outer surface of the polymerization vessel. A small
amount of ethanol was added to the polymerization solution
extracted from the polymerization vessel to stop the
polymerization reaction, the monomers were removed, the
reaction solution was washed with water, then, the solvent
was removed by steam in a large amount of water to take out

a copolymer, and dried under reduced pressure over night and

day at 80C. According to the above-described procedure, an

ethylene-propylene-1-butene copolymer (Polymer A) was

prepared at a speed of 4.4 Kg/hr.
Me

Me
Me Me
Me. cl
Si 1
O
t
Me Bu

Dimethylsilyl (tetramethylecyclopentadlenyl}{3-tert-

butyl-5-methyl-2-phenoxy)titanium dichloride

Example 2

Ethylene, propylene, l-butena and 5-~ethylidene-2-
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norbornene (ENB) were copolymefized continuously using a 105
1. SUS polymerization vessel equipped with a stirring blade.
That is, hexane as a polymerization solvent, and sthylene,
propylene,l-buteneand5-ethylidene-z—norbornene(ENB)were
continuously fed from the lower portion of the polymerization
vessel at speeds of 83 L/hr, 2.0 Xg/hr, 8.3 Kg/hxr, 12.7 Kg/hr,
and 6.3 Kg/hr, respectively. On the other hand, the
polymerization solution was continuously extracted £rom the
upper portion of the polymerization vessel so that the amount
of the polymerization solution in the polymerization vessel
was kept at 100 L,
Dimethylsilyl(tetramethylcyclopentadienyl) (3-tert-butyl-
S-methyl-2-phenoxy)titanium dichloride,
triphenylmethyltetrakis(pentafluorophenyl) borate, and
triisobutylaluminum (hereinafter, abbreviated as TIBA) as
catalysts were fed continuously into the polymerization
vessel from the lower vortion of the polymerization vessei
at speeds of 0.092 g/hr, 2.755 g/hr and 5.251 g/hr. Further,
the molecular weight was controlled by using hydrogen. The
copolymerization reaction was conducted at 50T while
allowix;'g cooling water to circulate through a jacket mounted
on the outer surface of the polymerization vesgel. A small
amount of ethanol was added to the polymerization solution
extracted from the polymerization vessel to stop the

polymerization reaction, the monomers were removed, the

- 52 -



reaction solution was washed with water, then, the solvent
was removed by steam in a large amount of water to take out

a copolymer, and dried under reduced pressure over night and

day at 80C. According to the above-described procedure, an

ethylene-propylene-l-butene-5~-ethylidene~-2~-norbornene

copolymer {Polymer B) was prepared at a speed of 2.39 XKg/hr.

[{2] Analysis of olefin-based copolymar

(1) IR measurement

The olefin-based copolymers (Polymer A, and Polymer B)
were analyzed by IR to find methylene rolling vibration of

ethylene at 720 cm™, methyl group rolling vibration at 1154

cm™! ascribed to methyl branching of propylene, and methyl

group rolling vibration at 770 cm™ ' ascribed to ethyl

branching of l-butene, leading to confirmation that the

monomer components had beaen copolymexized.

(2) Intrinsic viscosity {71}

The intrinsic viscosity [N ] was measured by using an
Ubbellohde viscometer in tetralin at 135C. 300 mg of the
sample is dissolved in 100 ml of tetralin to prepare a 3 mg/ml

solution. Further, this solution was diluted 2-fold, 3-fold
and 5-fold, and the intrinsic viscosity of each of them was
measured in a constant temperature oil bath at 138C (+0.1C).

The measurement was repeated three timas at each

concentration, and the resulted valuses ware averaged £for use.
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{3) Measurement of molecular weight distribution
Measurement of the molecular weight distribution was
conducted by a gel permeation chromatography (GPC) method
(using 150C/GPC apparatus, manufactured by Waters Co.}. The
elution temperature was 140, and Shodex Packed Column A-80M
manufactured by Showa Denko K.K. was used as a column, and
polystyrene (manufactured by Tosoh. Corp., moleculiar weight
68 to 8,400,000) was used as a molecular weight standard
substance. The weight-average molecular weight (Mw) and the
number-average molecular weight (Mn) were obtained in terms
of polystyrene, and this ratio {Mw/Mn) was called molecular
weight distribution. About 5 mg of a polymer was dissolved
in 5 ml of o-dichlorobenzene to prepare a measuring sample
having a concentration of about 1 mg/ml.

400 4 1 of the

resulted sample solution was injected. Elution solvent flow

rate was controlled to 1.0 ml/min., and detection was

conducted by a refractive index detector.

(4) Measurement by differential scanning calorimeter
Measgurement -wa.s conducted by using a differential

scanning calorimeter (DSC 220C manufactured by Seiko

*

Instruments Inc..), at a measuring speed of 10T /min. in any

of temperature raising and lowering processes.
(5) Measurement of 5-ethylidena-2-norbornene {ENB) content

The olefin-based copolymer (Polymer B) was heat-pressed

into a film having a thickness of 0.5 mm, then, the peak .
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transmittance {wave number 1650 em” ') derivad from 5-
ethylidene-2-norbornene was measured by using an infrared
spectrophotometer, and the S-ethylidene-2-norbornenz

content in the olefin-based copolymer was calculated.

I Evaluation of pressure-sensitive adhesive sheet for

surface protection (Tabls 2)

Example 3

50 parts by welght of the olefin-based copolymerxr
(Polymer A) and 10 parts by weight of EXCELENE EPX KS37Gl
(manufactured by Sumitomo Chemical Co., Ltd., MFR=2.5 g/10
min.} were kneaded previoua;y for 2 minutes at a temperature

of 200C and a screw ravolution of 10 rpm using PLASTICODER
type PLV1i51 manufactured by Brabender Corp., then, kneaded
at 80 rpm for 10 minutes to obtain a pressure-sensitive
adhesive. This presgsure-sensitive adhesive and
homopolypropylene (manufactured by Sumitomo Chemical Co.,
Ltd., MFR=10 g/10 min.) as a substrate were molded into 100
4 m £ilms respectively, and they were laminated and heated

for melt-adhesion in an oven at 200C to obtain a

pressufe—sensit1Ve adhesive sheet for surface protection,

Examnple 4

80 parts by weight of the olefin-based copolymer

(Polymer A) and 20 parts by weight of EXCELENE EPX KS37G1l

[y
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{manufactured by Sumitomo Chemical Co., Ltd., MFR=2.5 g/10

nin.) were processed in the same manner as in Example 3,

Example 5

70 parts by weilight of the olefin-based copolymer
(Polymer A) and 30 parts by weight of EXCELENE EPX KS37G1
(manufactured by Sumitomo Chemical Co., Ltd., MFR=2.5 g/10

min.) were processed in the same manner as in Example 3.

Example 6

The pressure-sensitive adhesive of Example 5 and
EXCELENE EPX KS37G1(manufactured by Sumitomo Chemical
Co. ,Lte, ,MFR=2.5g/10min. }as a substrate were worked intoe a
laminated £ilm by using a multi-layer inflation die
manufactured by Plako K.K. Specifically, the pressure-
sa.nsitive adhesive was extruded from an extruder having ¢
50 mm and L/D=28 at 190, while EXCELENE EPX KS37Gl was
extruded from an extrudar having ¢ 50 mm and L/D=28 at 130T,
and these were extruded through a multi-layer inflation die

having a caliber of 150mm and a die lip of 2mm, and

>
»>

inflation-molded at a die temperature of 190C, a blow ratio
of 1.5 and a drawing speed of Sm/min to obtain a £ilm having
a thickness of the pressure-sensitive adhesive layer of 50

£ m and a thickness of the substrate layer of 50 4 m.
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Exampla 7

The pressure-sensitive adhesive of Example 5 and
homopolypropylene (manufactured by Sumitomo Chemical Co.,
Ltd., MFR=7 g/10 min.) as & substrate were molded into a

laminated film by using a 3-kind 3-layer coextrusion T die

{die width: 600 mm) manufactured by CBC Tec. Specifically,
the pressure-~-sensitive adhesive was extruded from an extruder
having ¢ 40 mm and L/D=32 at 230T, while, the
homopolypropylene was extruded from two extruders (both
L/D=32) at 230C, and these were made into 2-kind 2-layer

structure via a feed block and extruded through a T die, then,

cooled to solid by chill rolls controlled at 20T to aobtain

a £ilm having a thickness of the pressure-sensitive adhesive

layer of 50 4 m and a thlckness of the substrate layer of 50
L m.

Comparative Example 1

The same procedure was conducted as in Example 3 except
that an ethylene- & -olefin copolymer (manufactured by l?'ow
Coxp., trade name: Affinity PF1140, [1n10.98 dl/g, Mwl.7X
10°, Mw/Mn2.3, melting point 97.5C, melting caloris 86 J/g)

was used as the pressure-sensitive adhesive layer.

(Ability Test)

1. Peeling strength
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A pressurs-sensitive adhesive sheat or £ilm of E:campleé
3 to 7 and Comparative Example 1 was pastad on a steel plate
{manufactured by Kansat Paint Co., Ltd.} coated withmelamine,
and press-adhered by a 5Kg rubber-coated roller, then, left
for 30 minutes at 23T, and force necessary in peeling the
pregsure-sensitive adhesive sheet or film at a peeling width
of 25 mm, a peeling angle of 180° , a peeling speed of 500
mm/min. and a temperature of 23T was measured. Likewise,
the sahple was left for 30 minutes at —20TC, and force
necegsary in peeling at —20C was also measured.
2. Peeling strength with the lapse of time

A pressure-sensitive adhesive sheet or £ilm was pasted
in the same manner as in the abova-fnentioned item, left for
15 hours at 90C in a hot air circulation type oven, and the
temperature of each coated plate was cooled to 23T, then,
force necessary in peeling the pressure-sensitive adhesive
sheet or £ilm at a peeling width of 25 mm, a peeling angle
of 180° , and a peeling speed of 500 mm/min. was measured.
3. Evaluation of pollution property .

After completion of the peeling test with the lapse of
time in’the above-mentioned item, the surface of the coated
plate which had been peeled was visually observed, and

presence or absence of clouding due to pollution of appearance

was evaluated.

The results of Examples 3 to 7 and Comparative Example.
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1 are shown in Table 2.

II Evaluation of adhesion of hot-melt adhesion for
polyoclefin resin (Table 3)

Example 8

50 parts by weight of the olefin-based copolymer
{Polymer A) and 50 parts byweight of Alcon P-125 {manufactured
by Arakawa Kagaku K.K.) were melted completely at 180T over
a period of 30 minutes, to obtain a pressure-sensitive
adhesive. Then, the resulted pressure-sensitive adhesive
was applied at a thickness of 50 i m between bi-axially drawn
{extrusion) polypropylene £ilms {25 £ m, using polypropylene
hav;Lng MFR=2g/10min), and the polypropylene films were
press-adhered under conditions of 60CX1 Kg/cm*X 1 min., and
left for 15 hours at 23C without any other treatment.
Pealing test (peeling angle 180° , pesling speed 300 mm/min.,

23C) was conducted using this test piece (25 mmX50 mm).

Comparative Example 2

Evaluation was conducted in the_ same manner as in Exampie
8 exceﬁt that an ethylene vinylacetate copolymer
(MFR=7g/10min, vinylacetate content 28 wt%) was used instead
of the olefin-based copolymer (Polymer A) in Example 8.

The results of Example 8 and Comparative Example 2 are

shown in Table 3.

S
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TTI Evaluation of hot-melt adhesion for rubber adhesion

(Table 4)

{(Production of hot-melt adhesive sheet)
Example 9

70 parts by weight of the olefin-based copolymer
(Polymer B) and 30 parts by weight of random polypropylene
{manufactured by Sumitomo Chemical Co., Ltd., MFR=1.5 g/10
min.) were kneaded previously for 2 minutes at a temperature
of 200TC and a screw revolution of 10 rpm using PLASTICODER
type PLV151 manufactured by Brabender Corp., then, kneaded

at 80 rpm for 10 minutes, then, molded into a 150 mmX 150 mm

X0.1 mm sheet by a heat press at 180T.

Example 10

50 parts by weight of the olefin-based copolymer
(Polymer B) and 50 parts by weight of random pclypropylehe
{manufactured by Sumitomo Chemical Co., Ltd. . MPR=1.5 g/10
min.) were proceésed in the same manner as in Example 9.

*»

{Production of adhesion article)

Rubber and compounding agents a shown below (all parts
by weight) were kneaded by a BB-2 mixer manufactured by Kobe
Steel Ltd. The mixture and compounding agents b were

kneaded on 10 inch open rolls, to obtain a rubber compound

-
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which can be vulcanized. Canvas for graining was placed o'n
a 150 mmX150 mmX2 mm mold frame, and the above-mentioned
rubber compound was placed thereon, and press~-vulcanized for
10 minutes under a temperature of 170, the canvas was removed

after the vulcanization to obtain a rubber test piece for

adhesion test.

Compounding agent ~“a”: ESPRENE 512F manufactured by

Sumitomo Chemical Co,, Ltd.,: 100, Diana Process Oil PS 430

manufactured by Idemitsu Kosan Co., Ltd.: 40, ASAHI 60G
(FEF carbon black) manufactured by Asahi Carbon X.K.: 90,
stearic acid: 2, two kinds of zinc oxide: 5, STRACTOR WB43

manufactured bf S & S: 2

Compounding agent “b”": vulcanization accelerator CBS:

1.2, vulcanization accelerator: MBT 0.4, powdery sulfur:

0.6

{Adhesion Test)

Tha above-mentioned adhesion article was cut into two

100 mmX25 mmX 2 mm pieces, and the above-mentioned hot-melt
adhesive sheet (60 mmX25 mmX0.1 mm) Wwas sandwiched between
the twé‘pieces laminated so that grain surfaces face sach other,
and prasé-adhered under conditions of 180T X 10 Kg/cm?*X10
min., and left for 24 hours at 23C without any other treatment,

Peeling test (peeling angle 180° , peeling speed 50 mm/min.)

was conducted using this test piece (Table 4).
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Further, the above-mentioned adhesgion article was cu-t
into two 150 mmX25 mmX2 mm pieces, and the above-mentioned
hot-melt adhegive sheet (40 mmX 25 mmX 0.1 mm) was sandwiched
between the two pieces laminated so that grain surfaces face
each other overlapping 40 mm, and press-adhered under

conditions of 180 CX10 Kg/em®X 10 min., and left for 24 hours

at 23T without any other treatment. Reference lines were

drawn at 10 mm positions from both sides of the overlapped
region of this test body. The test body was attachad to

holders, and extendad until the distance bstwean the

reference lines reached 70 mm, and left under standard

condition for 24 hours. Then, the test body was removed, and

left under standard condition for 4 hours, then, the test body
was observed not to £find harmful shift, peeling and the like.

The adhered connected portion maintained the flexibility of

the rubber test piece,

*a
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Table 1

Example 1 | Example 2
Polymer A | Polymer B
Polymerization temperature T 50 50
Ethylene Kg/h 4.5 2.0
Propylene Xg/h 1.9 8.3
1l-butene Kg/h 17.1 12.7
*1 ENB Kg/h 0 6.3
*2 (£) g/h 2.314 5.251
*3 (g) g/h 0.640 2.755
%4 (h) g/h 0.012 0.092
ENB content Todins 0 28
value

Crystal melting point T None None
Crystal melting calorie mj/mg Nonsa None
Crystallization temperature T None None
Crystallization calorie mj/mg None None
Intrinsic viscosity [ 7)) di/g 0.89 1.0
GPC Mw/Mn 1.9 2.2
Tension (JIS K 6251)
Tensile strength at break MPa 0.07 0.02
*]1 ENB: 5-ethylidene-2-norbornene
*¥2 (£): triisobutylaluminum
*3 (g): tripbenylmethyltetrakis{pentafluorophenyl) borate
*4 (h}):

dimethylsilyl (tetramethylcyclopentadienyl) {3~

tert-butyl-5-methyl-2-phenoxy)titanium dichloride
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Table 2
fg/25mm]
23C peeling | -20Cpeeling |Peeling Polluting
strength strength strength | property
with the
lapse of
time
Example 3 600 140 800 None
Exampls 4 900 200 120 None
Example 5 120 80 80 None
Example 6 550 20 20 None
Example 7 600 170 10 None
Table 3
[g/25mm]
23C peeling -20C peeling
strength strength
Example 8 4000 500
Comparative example 2 130 5
Table 4
{g/25mm]
23C peeling 60C peeling
strength strength
Exampleg 9 4000 4400
Example 10 7500 3600

[3] Evaluation of thermoplastic resin composition
Compounds shown in Tables 5 to 8 were kneaded previocusly

for 2 minutes at a temperature of 200C and a screw revolution




of 10 rpm using PLASTICODER type PLV151 manufactured by
Brabender Corp., then, kneaded at 80 rpm for 10 minutes. The
compositions were press-molded according to JIS K 6758 to
produce sheets.

Properties of the thermoplastic resin compositions

described in the examples were measured by the following

methods.

(1) Tensile test: JIS K 6251
Test piece form: dumbbell No. 3
Tension speed: 200 mm/min.

Numbsr of test piece: 3

Regarding the elongation at break EB(%), for removing
the result of irregular low elong#tion at break, results
revealing tensile strength at break which iz 80% or less of
the median of the measured results were deleted, and the

remaining measured results were arithmetically averaged to

give a result to be uzed.

(2) Heat-resistance test:

It was conducted according to JISK 6301 6. aging test” ,
air heat aging test (6. 3) except that the test temperature
Waschaﬁgedtollotlandthetesttimewaschangedto100hours.
The test pleces wers suépended and heated in a tester chamber,
and herein, the test pieces were controlled so that they did

not contact each other or did not contact with any parts of

the wall of the tester chamber.
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Hardness: ASTM D2240
(3) Stability of surface nature and condition:
Occurrence of stickiness and cloud on the surface of the
sample before and after the heat-resistance test was judged.
1: Stickiness and cloud are recognized: Judge X
2: Cloud is recognized: Judge A

3: Stickiness and cloud do not occur: Judge O

[4] Calculation

The relation of the elongation at break EB (%) of the
thermoplastic resin composition of Examples 8 to 13 obtained
by blending Polymer A of the present invention with a
polypropylene-based resin, and of the polypropylene resin
shown in Example 14, and the welght proportion (Pa) of the
olefin-based copolymer in the resin composition was regressed
onacurve, toobtain the following quintet regression formula.

The contribution ratio (R?) was 0.9745.

EB=—28799XPa’ + 65859 XPa' — 48394XPa? + 12995Xpg? —
1086 XPa + 870.15 Formula 4
Formula 4 was regressed on a straight line using the

least square method in Pa=0.20 to 0.60 region to obtain the

gradient S[2/81.

The gradient S[{2/6] had a value as shown below, and

gsatisfied the relation of Formula 1.

S{2/61=0.98
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S{2/61=Z—800 Formula 1

In the analogous calculation method, the relation of the
elongation at break EB (%) of the thermoplagtic resin
composition of Examples 15 to 20 obtained by blending Polymer
B of the present invention with a polypropylene-based rasin,
and of the polypropylene resin shown in Example 21, and the
welght proportion (Pa) of the olefin-based copolymer in the
resin composition was regressed on a curve, to obtain the
following quintet regression formula. The contribution

ratio (R?*) was 0.9997.

EB=82108 XPa® — 128621XPa' + 78018XPa® — 23605XPa? +
3754.3XPa + 539.94 Formula 5

Formula 5 was regressed on a straight line using the
least sqguare method in Pa=0.20 to 0.60 and Pa=0.30 to 0.50
regions to obtain the multiple correlation coefficilents
R{2/6} and R[3/5] and the gradients S[2/6] and S{3/5]. In
the straight line regression, in the case of Pa=0.20 to 0. 66,
numerical valueg at 0.0 Ainterval including 0.20 and 0.60 were
substituted in Formula 5 to obtain the relation of the regulted
41 points, and in the case of Pa=0.30 to 0.50, numerical values
at 0.01"inte::val including 0.30 and 0.50 were substituted in
Formula 5 to obtain the relation of the resulted 21 points.

The multiple correlation coefficients R[2/6] and R{3/5)

had values as shown below, and satisfied the relation of

FPormula 2.



R[2/6]1=0.4804

R{3/5]1=0.8993

R(3/5] — R{2/6]1=0.4189

R{3/5] — R[2/6]1=0.15

Formula 2

The gradients S[2/6) and S[3/5] had values as shown below,

and satisfied the relations of Formula 1 and Formula 3.

S{2/61=54.29
S[2/61=—800

S{2/61=—70.32

S[3/5] — s{2/6]=—124.61

S{3/5]1 — s[2/6]15—50

Formula 1

Formula 3

Table 5
Example
8 9 10 11

Polymer A wth 20 30 40 50
PP-1 wt3 80 70 60 50 .
Pa 0.20 0.30 0.40 0,50
Tension (JIS X 8251)

Elongation at break (EB) % 8350 86¢ B3¢0 730

PP-1: Propylene-ethylene random copolymer resin which

has a MI of 2.8 {g/10 min.) at a temperature of 230C and a

load of 2.16 kg, contéins 3.7 wt% of ethylene and has a 20T

xylene-soluble component content of 3.2%,
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Table &

Example
12 13 14

Polymer A wtg 60 70 0
pPP-1 wti 40 30 lo00
Pa 0.60 0.70 0.060
Tension (JIS K 6251)

Elongation at break (EB) % 750 850 870
Table 7

Example
15 186 17 18

Polymer B wts 20 30 40 50
PP-~-2 wti 80 70 60 50
Pa 0.20 0.30 D.40 0.50
Tension (JIS X 6251)

Elongation at break (EB) % 790 810 800 800
Stability of surface
nature and condition

Before heat-resistant - - - O

test

After heat-resistant - - - O

test
Haxdness (shore D) - - - 42.7

PP-2: Propylene-ethylene random copolymer resin which

has a MI of 0.88 (g/10 min.) at a temperature of 230C and

a load of 2.16 kg, contains 4.9 wt% of ethylene and has a 20T

xylene-soluble component content of 5.2%,
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Table 8

s e e bt e,

Example
19 20 21

Polymer B wtg 60 70 o
PP-3 wtd 40 30 100
Pa 0.60 g.70 0.00
Tension {(JIS K 6251)

BElongation at break (EB) % 860 1280 540
Stability of surface
Nature and condition

Before heat-resistant - O O

test

After heat-resistant - O O

test
Hardness (shore D) - 20.7 63.1

As described above, the present invention can provide
a pressure-gensitive adhesive sheet or £ilm which maintains
preferable pressure-sensitive adhesion without showing
remarkable change with the lapse of time even under low
temperature environment and high temperature environment
irrespective of the use temperature range, shows excellent
peeling property without polluting the surface of a coated
article after use, and gives excellent balance of heat-.

resistance, cold-resistance and weather-resilstance.

*a

Further, the §resent invention can provide a novel
hot-melt adhesive which adherss without using an organic
solvent, and does not inhibit stable adhesion force and the
flexibility of a connected portion adhered even under low

temperature environment and high temperature environment °
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irrespective of the environmental temperature under which a

connected article is placed;
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What 1s claimed is:

1. A pressure-sensitive adhesive comprising an

olafin-based copolymer wherein

(1) the olefin-based copolymer has a tensile strength
at break measured according to JIS K 6251 of 2.0 MPa or less,
and

{2) the elongation at break EB(%) of a resin composition
obtained in blending the olefin-based copolymer with a
polypropylene-based resin having a 20T xylene-soluble
component content of 20 wit®¥ or less satisfies the following
formula 1: | N

S{2/61=—800 - formula 1

wherein 512/6] repregsents the gradient of a primary straight
line obtained by approximation according to the least square
method of amultiple regression curve in Pa=0.20 to 0.60 region
of a multiple regression formula derived by quintet multiplé
regression of a curve obtained by plotting the elongation at
break EB(%) according to JIS X 6251 of the resin composition
on the ordinate and the welght content provortion Pa of the
olefin—.éased copolymer contained in the resin composition on
the abscissa, wherein Pa reprasents the welght content
proportion of the olefin-basad copolymer containad in the
resin composition, and said multiple regression formula

essentially includes data at least at seven points of Pa=0.00,-
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0.20, 0.30, 0.40, 0.50, 0.60 and 0.70, and when further number
of points are included, all Pa values are essentially sitnated
mutually at an interval of 0.10 or less.

2. The pressure-sensitive adhesive according to Claim
1 comprising an olefin-based copolymer wherein

(2) the elongation at break EB(%) of a resin composition
obtained in blending the olefin-based copolymer with a
polypropylene-based resin having a 20C xylene-soluble
component content of 20 wtd or less satisfies the following
formula 2:

R{3/5]1—R{2/61=20.15 formula 2

wherein R{3/5] and R{2/6]) represent the multiple correlation
coefficients of primary straight iines obtained by
approximation according to the least gquare method of
multiple regression curves in Pa=0.30 to 0.50 and Pa=0.20 to
0.60 regions of a multiple regression formula derived by
quintet multiple regression of a curve obtained by plotting
the elongatlon at break EB(%)} according to JIS K 6251 of the
resin composition on the ordinate and the weight content
proportion Pa of the olefin-based copolymer contained in t.he
resin é’ompositio_n on the abscissa wherein Pa reprasents the
welght content proportion of the olefin-based copolymer
contained in the resin composition, and said multiple
regression formula essentially includes data at leagt at

seven polnts of Pa<0,00, 0.20, 0.30, 0.40, 0.50, 0.60and0.70,
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and when further number of points are included, all Pa values ‘
are essenfially situated mutually at an interval of 0.10 or
less.

3. A pressure-sensitive adhesive comprising a
thermoplastic resin composition containing (i) a
thermoplastic resin and (ii) an olefin-based copolymer
according to Claim 1.

4. A pressure-sensitive adhesive sheet comprising one
or more layers containing a pressure-sensitive adhesive layer
made of a pressure-sensitive adhesive according to Claim 1.

| 5. A pressure-sensitive adhesive £ilm comprising one or
more layers containing a pressure-sensitive adhesive layer
made of a pressure-sensitive adhesive according to Claim 1.

6. A hot-melt adhesive comprising an olefin-based

copolymer according to Claim 1.

7.2 hot-melt adhesive comprising a thermoplastic resin
compositon containing (i) a thermoplastic resin and (1i) an

olefin-based copolymar according to Claim 3.

b g
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