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COPOLYMER, ADHESIVE CONTAINING THE SAME AND LAMINATE

BACKGROUND OF THE INVENTION

' Field of the Invention _ |

The present invention rela’te.s. t.o-'a copolym'er .of a straight
chain ¢-olefinanda specified v:Lnyl compound ‘and use thereof
Particularly, the. present invention relates to a copolymer of
a straight chain’ Q- ol_e_f:z.n and a specified winyl compound which
is similar to a polyvinyl chloride.and s'u'itable for production

of molded'articles such as a £ilm, sheet . pipe, to an adhesive

_containing the copolymer for polyolefin resins, and to alaminate - |

' .excellent in adhes:.veness between layers. '

.De'scription of Related Art ' ..

Generally, polymers used as stretched films wrapping"_

' films or pipes are required to have viscoelastic:.ty (elastic_'

recoverability and delayed recoverability) and transparency -

as well as balance between flelellltY and heat res:.stance like

polyv1nyl chloride. Polyvinyl chloride however, is regarded

as being problematic :Ln relation to env:l.ronmental pollution' :

for the reason that it has a possibility to ‘produce a harmful
substance when burned Though replacement of polyvinyl chloride
with a polymer such as an ethylene copolymer is being studied
now, it is an actual condition that any satisfactory substitute
has not been obtained | |

Further, though adhesives excellent in adhesiveness to

- olefin resins such as polyethylene, polypropylene or the like
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havebeenwidely used forhousingof domesticelectric appliances
exter:Lor parts of automobiles and the like, an adhes:Lve further

improved in- adhes:.veness has been recently required.

SUMMARY OF THE INVENTION
As results of 1ntensive studies, the present J.nventors

found a copolymer solv:Lng the above problems, .and completed -

.the present J.nvention.:

An _obJ ect of the present inv_enti'on'is to provide a specific B

'copolymer being capable of having a constitution not containing :

‘ any halogen regarded as being problematic from the v1ewp01nt

of env:Lronmental pollution, and being excellent in transparency.

and balance between v1scoelast1c1ty and’ ‘heat res:.stance. '

Another obJect of the invention is to prov:Lde an adhes:Lve _
conta:l.ning the copolymer as an effective J.ngredient.

I-"urther another obJect of the J.nvention is to prov:l.de .'
a lam1nate excellent in adhes:.veness between layers.

Other objects and advantages of the present invention
Wlll be apparent from descriptions below. ' |

Namely, the present 1nvention relates to a copolymer
ofastraight cha:.n Q- olefJ.n and av:l.nyl compound (1) represented :

by the general formula CH2=CH R whereln R is a hydrocarbon.

' group, the steric parameter Es of the substituent R is -1.64

or less and the steric parameter Bl of. the substituent R is
1.53 or more. |
_Further , the present invention provides an adhesive -

comprising the copolymer as an ef_fective ingredient and a
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laminate obtained by 'l_a'minating alayer containing the adhesive

with an adherend.

' BRIEF DESCRIPTION OF THE DRAWINGS

Fig' 1 is '_a'13C-NMR spe_otrnm of the polymer obtained in

| Exa.mple 1

 Fig. 2 'is'e 13(:-_-'NMlR' 'spe'ctrum.of the polfrner obtained in
Exanlple_ 2. | _ _ | L | . |
- Fig. 3 is a 13C;NMR 'speot_;nm'of :'lth._e po]_.jme'r'_,obtained in
Example 3. | | - -. _ B
L Fig. 4 is al'.1.3c.'-NMR _spec'tlrum' of the polymer obtained in

Example 4.

Fig. 5 is a *C-NMR spectrum of the poj.yxner obtained in

'Exax_nple 5, L

DETAILED DESCRIPTION OF THE =INVENTION
. The a -olefin used: as'a oomponent 'of-the copolYmer of the

present inventlon 1ncludes preferably astraight cha:Ln a- olef in |

'hav1ng 3 to 20 carbon atoms, and spec1f:|.c examples thereof

J.nclude propylene 1 butene C1- pentene 1- hexene 1- heptene, -
1~ octene - nonene 1- decene andthe like, preferablypropylene,.-
1~ butene 1 hexene andl octene, andmore preferablypropylene.
| " The vinyl compound (I) used_ in the present_ invention
is a vinyl oompound -represented .-by_ CH§=CH—R ;_. coni:eining a
hydr'_oca'rbon' group.'R of which'steric .paramet'ers Es and Bl are '
within respective spe_cified ranges.

Herein, the "steric pa_ram'ete'rs' Es and B1" are parameters .
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indicative of the steric bulkiness of a su'bstituent (in detail,
Es and Bl indicate three-dimensional extent and two-dimensional

extent, respectively) and are determined by the method described

' J.n llterature [ C Hansch andA. Leo s “Explorlng QSAR Fundamentals

and Applicatlons in Chemlstry and Biology Chapter 3 (ACS
Profess:Lonal Reference Book Wash:.ngton DC (1995))] It is-

1nd:.cated that the smaller the value of Es is, the larger the

- -three dimensional extent is, and the larger the value of Bl_':'.

_i the larger the two dlmensional extent is,

- In the present :anentz.on, the steric paraxneter Es of the

' substituent Ris -1.64 or less, 'preferably -3. 10 to -1.70, more

preferably -2, 80 to 1 70, partlcularly preferably -2.35 to.

-1.75, andmostpreferably -2. lOto 1. 75. th.le ster::.cparameter‘

Bl of the substltuent R is 1. 53 ‘or more, preferably 1 53 to'- .

2. 90 ‘more 1. 70 to 2.70, and particularly preferably 1.91 to

2.60.

When the parameter Es is more than 1 64, or the parameter :

- Bl is less than 1 53, the copolymer is infer:l.or in elast:.c '

.recoverab:l.llty and delayed recoverabillty, and therefore it

is not preferable
: The 3-pos:Lt:Loned carbon -in the vinyl compound' (I) is |
pref erably a tertlary or quaternary carbon because the copolymer

obtained is excellent in elast:Lc recoverabillty and delayed

-recoverab:x.l:l.ty .

Speclfic examples of the vinyl compound (I) used in the
pres ent invention 1nclude v1nylcyclopropane vinylcyclobutane .

vinylcyclopentane, v:.nylcyclohexane, vinylcycloheptane
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vinylcyclooctane, vinylnorbornane, vinyladamantane,
3-methyl-1-bﬁtene, 3-methyl-i-pentene, 3—ﬁethyl-1-hexene,.
3-methyl-1- heptene 3- methyl l-octene, '
3,3-dimethyl- 1 butene, 3,3 dlmethyl-l-pehtene,
3,3-dimethyl-1-hexene; 3,3%dimethy1-1-heptene;
3,3-dimethyl-1-octene, 3;4-diméthy1-1-pentene,
3,4-dimethyl-1-hexene, 3,4-dimethyl-l-heptene,
3;4-dimeth§l?1fbdfene,-3,5-dimethyl414hexene,
3,5-dimethyl-1-heptene, 3,5-dimethyl-l-octene,
3,6-dimethy1;1-heptene§ 3,6;dimethy1;1~octéne,

3, 7 -dimethyl-1- octene, 3,3,4- trlmethyl 1 pentene
3,3,4- trlmethyl -1- hexene, 3,3,4- trlmethyl 1 -heptene,
3.3, 4-tr1methyl-1-octene, 3 4, 4-tr1methy1-1-pentene,
3, 4 4- tr:l.methyl -1~ hexene, 3 4 4 tr:l.methyl 1- heptene,
3,4,4- trlmethyl 1 octene and the 11ke preferably

'v1nylcyclopentane, v1nylcyclohexane, v1nylcycloheptane.

v1ny1cyclooctane v1nylnorbornane, 3-methyl?1-butene,

- 3- methyl 1 pentene, 3-methyl-1l-hexene,

3,3-dimethyl-1-butene, 3,3-dimethyl-1-pentene,
3, 4-dimethjl-1-pentene, 3, Sédiméthyl-l-hexene,'

- 3,3,4- trlmethyl -l-pentene. and 3,4,4- trlmethyl -1- pentene,
._ particularly preferably v1nylcyclohexane _v1nylnorbornane,
'3-methyl—1—butene, 3-methyl-1-pentene,_ _ |
'3,3-dimethyl;1-butene, 3,4-dimethyl-1-pentene and

3,3,4-trimethyl-1-pentene.



The values of steric parameters of a part of the vinyl

compounds(I) are shown below.

Compound - - ES Bl
3-methyl-1-butene -1.71 1.90
| 3-methyl-l:pentene ' -2.37 . 1.90
Vinylcyclopentane = . -1.7s ©1.90
Vinylcy'clohexane_ . -l .81 1. 9l
5 The stralght chain «- olef:.n does not satlsfy the

above- lim:.tatlon The values of the ster:Lc parameters of some
straight chaJ.n a- olefins and styrene th.ch are not 1ncluded

in the vinyl compound(I) are shown below.

-~ Compound - BS Bl

" Propylene - -1.24 o 1.s2
1-butene o o-1.31 1.52
l-octene - -1.54 1.52
Styrene . -1.01 C1.71

- 10

The vinyl compounds (I) in which .'a 'carbon. e.tom excluding
the carbon atom at 3-position has no branched:struoture-are_
preferable. Here:Ln,. the branched structure means that the
molecular skeleton ls not stralght chain structure and the
15 structurehasaskeletonbranchedtroughatert;aryorquaternary
- carbon. Specific examples of such avinyl'compounds (1) inolude

3-methy1-1-butene,' 3-me'thyl-1-p_entene, 3,3-dimetyl-1-butene
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and the 1like.

In the present invention, the vinyl compound(I) in Whlch
the hydrocarbon group R has a cyclic structure also preferable.
Specific examples thereof include vinylcyclopropane-,.
vinylcyclobutane . vinylcyclopent ane . yinylcyclohexane .

vinylcycloheptane, vinylcyclooctane, vinylnorbornane,

'yinyladamantane and the like.

| The v1nyl compound (I) in which a carbon atom exclud::.ng
the carbon atom at 3- pos:Ltion has no branched structure and
the hydrocarbon group R_ has a cyclic str_uc_ture, is more
preferable; The most prefer'able 'yinyl compound (1) _ is |
vinylcyclohexane .

In the copolymer of the present J.nvention the content

" of units derived from ‘the vinyl compoun_d (1) copolymerized

(referred to simply a's_"‘yinyl‘compound (1) unit"')_has _a wide
range as 0 '1 to 99.9 mol% -The:content thereo'f can be easily
determined by 1H NMR spectrum or *C-NMR spectrum method.
Further when the content of the v:.nyl compound (I) unit
is relatively low in th_e above ra_nge, a copolymer suitable for
a film or sheet (.particularly . | stretched f ilm'and wrapping £ilm)
excellent in transparency, v1scoelast1c1ty and flex:.bility and .
like plasticized polyv::.nyl chloride resin, is obtained. In
this case, the content of the v1nyl compound (I) unit is
preferably 10 to 50 mol%, more preferably 15 to 45 mol%,
particularly preferably 20 to 40 mol%, most preferably 25 to

35 mols.

- On the other hand, when the content of the vinyl compound
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(I) units is relatively high J.n the above range a copolymer -

suitable for plpes and the lJ.ke excellent in heat resistance,

"and 1like ahard polyv1nyl chloride, isobtained. And, the content

of ‘the vinyl compound (I) unit is preferably 40-1:0 20 mol%
more preferably 50 to 90 mol% particularly preferably 60 to '

85 mol%, most preferably 65 to 85 mol%.

Moreover from the V:Lewpo:x.nt of adhes:.on performance the

content of the vinyl compound (I) unit is more pre‘ferably from

1 to 80 mols, part'icularly.preferably from 2 to_50 molg.

Herein, the total content of the @-olefin units and the

- vinyl compound (I) unit is 100 mols%.

" The streight chain « -olef_in-—vinyl compound.(I) sequence

in _the_polynier skeleton (inclusi_vé of a branched poljrm’er chain

if pres'.ent' among molecular chains of the polymer) of the

copolymer of the pre'sen..t_' invention is determined by ’C-NMR

‘spectrum. In the skeleton, a structure in which one vinyl

compoﬁnd (1) .unit is inserted between.ltwo_ stré.ightl'chain o
-olefiri ﬁnits , a structure in which tWo’ irin’yl compouhd (I)units
are connected, and a structure in which two .stra_ight chein. Q-
-olef in unitsare connected may e_xi"st . A copolymer having several
kinds of combinations as above isexcellent in'iris'coelastic'ity
and .flexibility, and there_fore is prelfe_rable. |

'The copolymer of the present inventionl preferably has no
double '_ bond in all molecular -structure_ ( including the.
substituent R) excep_t'terminals .of the co'polj.(me'r frOm the view
point of weatherability. A copolymer containing double bonds

is also inferior in thermal stability, and' problems such as
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generation of fish eyes by gelatin during molding process and

the like, may occur.

 From the viewpoint of mechanical strength and

' transparency, the copolymer preferably has a molecular weight

distribution (Mw/Mn), which is expres'sed as a ratio of weight
average molecular weight (Mw) to number average molecular weight

(Mn), of 1.5 to 4.0, more preferably 1.5 to 3.5, particularly

' preferably 1.5 to 3.0.

Further, from the viewpoint of mechanical strength the
copolymer pref erably has a weight average molecular weight (Mw) _
of from 5,000_.t_o 1,000,000, more preferably 10,000 to 500,000,

further prefer'ably from 20,000 -to 400,000, particularly

'preferably from 50,000 to 400 000.

"In addition. from the v:Lewpoint of adhe51veness the
copolymer preferably has a weight average molecular weight (Mw) . .'
of from 1, 000 to 1,000, 000 more preferably from 5, 000 to
1,000, OOO particularly preferably from 5, OOO to 200 000.

Moreover from the viewpo:Lnt of mechanical strength, the
copolymer preferably has an .1.ntr1ns1c v:Lscosity [n] measured |
1n tetralin at 135°C of 0. 1 to 10 0 dl/g, more preferably 0.15
to 6. O dl/g. particularly preferably 0.3 to 6.0 dl/g, most. .
preferably 0.35 to 5.0 dl/g. ' B |

The copolymer of the present invention may be a copolymer
containing one or more kinds of addition polymerizable monomer

inadditionto the straight chain & - olefin and the vinyl compound

(I) unless the objects and effects of the present invention '

are damaged'. Examples of the addition polymerizable monomers
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include a vinyl compound except ethylene, the vinyl compounds

(I) and ¢-olefins.

'Specific examples of thereof include vinyl ethers such

as methyl vinyl ether, ethyl vinyl ether:; '(meth)acrylic acids

or alkyl esters thereof such as acrylic acid, -methyl acrylate,

ethyl_acrylate, methyl methacrylate; acrylonitrile; and vinyl

esters of carboxylic acids such as vinyl acetate. One or more

of them are preferably used.

The copolymer of the present :1.nvention can be prepared

- by, for example, copolymerizing the straight chain @- olefin
“and the v1nyl compound (I)in the presence of a catalyst obtained

‘by bringing isopropylidenebis (indenyl) z:.rconium dichloride

1nto contact w:.th methylalumoxane. In this case, by

' appropriately varying the amounts of the straight chain @

-olefin ‘and the.vinyl compound_(I) .to.be introduced and the

p'olymerization conditio_ns such aSjpolymerization temperature

: .and polymerization time, it is possible to obtain copolymers
, _having different-copolymerization ratios of monomers,

'_molecular -weights or the 1like.

In the'p'reparatio'n method, use of some sorts of ca.talys't
or some polymerization conditions may cause a homopolymer of
the straight chain a-olefin or the v:myl compound (I) to be
produced as a byproduct. In such a case, the copolymer of the

present invention can be easily fractionated 'by'performing'

solvent extraction using a Soxhlet's extractcr or'the like.

Solvents to be used in such extraction can be appropriately

' selected depending on the sort of v1nyl compound (I). For
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example, a homopolymer of the vinyl compound (I) such as

‘polyvinylcyclohexane can be removed as an insoluble component

in extraction'using toluene .as a solvent and a copolymer can
be fractionated as a component soluble in the solvent.

Of course the copolymer of the present invention may
be used as it contains such a by- product unless there arises
no problem in an 1ntended application.

| The copolymer of the present 1nvention excellent in
transparency and balance between v:.scoelasticity and thermal
res:.stance is suitably used as molded articles such as films, '
sheets or pipe_s ‘similar to those made of_ polyvinyl chloride,'
cont.ainers or the like, and.-furthe_r as substrates of memorj
media such as compa_ct diScs, or lens. | '

| Suc_h- a film, s_heet, pipe or contain_er can be obtained

' by a known molding method, for e:tample an inflation molding

- process comprising extruding a molten re51n from a c1rcular .

die: and w1nding up a resulting film inflated like a tube or

. aT-die extrusion molding process comprising extruding amolten

res:Ln froma lJ.near die and winding up a resulting filmor sheet,

. or other process such as calendering, blow molding, 1njection

molding or profile extrusion molding.

The molded article according to the_ present invention :'

is excellent in flexibilit'y' and viscoelaSticity.. 'The '

_flexibility and viscoelastic'ity can be determined from a

hysteres:.s curve obtained by subJecting the molded article to

a tens:.le test .

The copolymer of the present invention may be combined
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with other ma_terial to_ form amulti-layered £ilm, sheet or 'pipe_
havingtwoormorelayers. Thefilm,sheetorpipecanbeproduced
by any one of various known-lamination processes such as
co-extrusion process, dry-lamination'prooess,1sandwich
lamination process and extrusion lamination, and the like.

Usable-as other material are'known-materials such as paper,

paperboard, 'aluminum thin film, cellophane, nylon,

_polyethylene terephthalate (PET), polypropylene,

polyv1ny11dene chloride,,ethylene v1nyl alcohol copolymer

_(EVOH) and various adhesive resins.

'. -The copolymer used as a mo,lded'article may contain a known
polymer material_such'as a radical polymerized low'density
polyethylene,_high density polyethylene, linear-low density'

polyethylene ethylene-a'straight chain a-olefin-cOpolymer

-elastomer polypropylene polystyrene polyphenylene ether,

3polyethylene telephthalate or the like.

The molded article such as a film sheet or pipe may be

subJected to a known post- treatment such as corona discharge

treatment ~ plasma treatment ~ozone treatment, ultrav1olet

'1rradiation, electron beam 1rrad1ation-or the like.

. The copolymer may contain stabilizers such as ‘phenol

_type stabllizers, phosphite type stabilizers amine type

stabilizers, amide type stabilizers, anti-aging agents,

weathering agents,_anti-precipitating agent, anti-oxidants,

thermal'stabilizers,'light stabilizers: additives such as
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thixotropy controlling agents, puffing agent, antifoaming

agents', surface controlling agents, p_igment dispersants,

~antistatic agents, lubricants, nucleating agents, flame

retardants, proceSSing Oll dyestuff and the like; pigments
such as a tranSition metal compound suchas titanium oxide(rutile
type-) » zinc oxide, carbon black and the 1ike- and organic or

:Lnorganic fillers such as glass fiber carbon fiber potassium -

'titanate fiber wollastonite calcium carbonate, calCium

sulfate, talc, glass flakes barium sulfate clay, fine powdery ,

'Silica mica, ‘calcium Silicate aluminum hYdrOXJ.de magneSium

hydrox1de ‘magnesium oxide, alumina, celite and the like.
‘Further, the copolymer of the present invention can be

applied to an adhesive containing the copolymer as an effective _ '

ingredient The adhesive containing the copolymer as an

effective ingredient exhibits an excellent adhesive property.

to various resins such as’'a polyolefin reSin.

. The adhesive may’ contain a solvent such as. .water an
aromatic hydrocarbon(e g. toluene, xylene), an aliphatic
hydrocarbon( e.g. hexane) - an ester (e.g. ethyl acetate butyl
acetate) a ketone(e g methyl ethyl ketone methyl isobutyl |
ketone), an alcohol (e g. methanol isopropanol ‘éthylene-

glycol propylene glycol),' or the 1ike. The content of the -

solvent in the adhesive is usually 150 to 3000 parts by weight,

preferably 200 to 2_000 parts by weight per 100 parts by weight
of the copolymer. When the adheSive contains a solvent, the
copolymer, a stabilizer an additive, pigment filler and the

like as des.cribed abov_e may be dissolved or dispersed in the
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solvent .

The laminate of the present invention is a laminate

B prepared by laminating a layer of the adhesive with an adherend.

can be obtained by adher:.ng the adhes:.ve to the adherend. As

adherends, there are listed polyolefin resins and rubbers such

- as polypropylenes,, polyethylene's(e.g'. radical _polymeriZed. low'

density polyethylene' high density polyethylene, linear low

density polyethylene) .- ethylene propylene copolymers, _

ethylene-propylene dlene copolymers,

‘ styrene-butadlene-styrene block co'polymers ’ -and the l'ike; .
'polar group- containlng thermoplastlc resins such as polyesters _
(e. g polyethylene terephthalate (PET)) polyvinyl chlorides,

polyamide resins, (meth) acr'ylate'- resin‘s

ethylene (meth)acrylate resins, ethylene -vinyl acetate res:.ns
and the l:Lke polar group contaln:l.ng thermosetting re51ns such
as epoxy res:l.ns urethane re51ns urea formaldehyde resins and
the lJ.ke,_ inorganic materials such as metals ( e.g. aluminumplate,
aluminum foil) , glass, cement_and the like:; 'cellulose.polymer

mate'rials such as paper, 'cellophane; paperboard » woods and the_

like.

In. t'he_ 1amin.ate., two_ kinds. of 'Iadherlen'ds may be used.

In these adherends, Ipolar-group-'conta.in'ing. thermoplastio
resins and polyolefin resins are preferable. and polypropylenes -
are more preferable. o |

The adherend may contain a stabilizer, addltive plgment
filler, solvent and the like, mentioned above

Examples of the produc1ng method of the laminate include,
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for example ., amethod oomprising pilinganadherend, the adhesive
(the copolymer) and an adherend in this order, and hot-pressing

them; a method comprising a_pplying a solution-like adhesive

~on a adherend, drying'the resultant, and laminating another

adherend; amethod comprising applYing a solution -like adhesive

~on an adherend and then a solution in which a material forming
‘an adherend :Ls dissolved and heating them to adhere and laminate '

: '_them, and a method comprising co-extruding an ‘adherend, the

copolymer and an- adherend to prepare a la:ninate. '

The solution in which a material forming an ‘adherend . is

' dissolved includes, for example, a solution containing a

- polar group-containing thermoplastic resin or polar

group-containing thermoszetting resin, and a pigment, solvent
and'-the, like. The solution oan be tre'a_ted as .a paint. |

Namely, the adhesi_ve of ‘the present invention is used as an

_'adhesive_ for improving an adhesiveness between a substrate and

a paint, and in this case, adher'end_s are on both sides of the

| adhesive layer in a laminate, one of Iadherends is'the s'ubstrate .

and the other is a coating of the paint As the paint two or

‘more kinds of the polar group containing thermoplastic res:.ns

or polar group containing thermosetting resins may be mixed
and used further at least one kind of paints may be applied
two or more. times. | | ' _
Other examples of use mode of the adhesive of the present
invention, include a use mode as an adhesive for adhering a
substrate having a shape of a console box for an automobile,:

bumper or the like and a shaped decorated film having the same
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shape as that of the substrate prepared by lt_hermoforming a
decorated £ilm having a pattern like grain of wood. |

The present :anent:l.on will be described in more detail
by way of Examples and Comparatlve Examples. 'However, the -
present 1nventlon is not 11m1ted thereto |

' The properties: of each copolymer in the Examples were

determined by the follow:.ng methods.

(1) The intr:.ns:.c v:Lscos:Lty [n] was measured at 135°C with
an Ubbello_hde v1scometer using tetralin as a solvent.

(2) The molecular weight and the molecular weight

' distribution were determined using the following two types of

gel permeation chromatograph. It is to be noted that the

molecular weight 'distribution was ev_aluated_'as aratioof Weignt- .

auerage. molecu.la'r weight to number-average molecular |

weight (Mw/Mn). o | |

Type: 150-C _manufactured_ by .Waters

Column: Shodex packed column' 80M

Temperature for the measurement 140C |

Solvent for the measurement orthodichloro‘oenz_en_e

Concentration for the measurement: 1 mg/ml |

(3)The glass trans:.tion point was measured us:.ng a DSC (SSC 5200
anufactured by SEIKO INSTRUMENT Co. ) under the follow1ng

conditions | and was determined from 1ts_ inflection p01nt.
Heating: from 20T to 200C (20C/min), kept. for 10 min.
Cooling: from 200TC to -50C (20%C/min), kept for 10 min.
Measurement: from -50C to 300°C (20C/min)

(4) The content of a vinylcyclohexane unit in a 'copolymer
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“and the structure of the copolymer were determined by B¢c-NMR

. analysis.

13C-NMR apparatus: DRX600 manufactured by BRUKER CO. |
‘Solvent for the measurement : mixture of orthodichlorobenzene
and orthodlchlorobenzene d4 at a rat:Lo of 4: 1 (volume rat:l.o)
Temperature .for the measurement -135C |
Example 1 o |
Into a 400 ml- autoclave hav:.ng an atmosphere replaced'.

with argon were 1ntroduced 137 ml of v1nylcyclohexane and 49

‘ml g of dehydrated toluene. After heatlng to 30°C,_-propylene

was charged therein to .0.4 MPa. ‘Further, 5.6 ml of a solution

~of methylalumoxane in tolue_ne [MMAO produced by Tosoh Akzo

Corp., Al atom converted concentration=6 wt.%]_.'and a mixture

of 4.3 mg of is_Opropylidenebis( indenyl)zirc_onium dichloride

dissolved in 8.7 ml of dehydrated toluene were charged. The
reaction liquid was stirred for one hour and then poured_ into
500 ml of methanol, and a precipitated'wh'j:.te._sol.id was collected
through filtration.' The solid was washed with methanol and
then dried under reduced pressure toobtain 44 79 of a polymer. .
The polymer had an 1ntrinsic v:.scos:.ty [7]o0£f0.16 dl/g,

number average molecular we:n.ght of 9,00_0,_ molecular welght
distribution(Mv/Mn) of 2.0, melting point of 93C, glass
transition point _of -;8°C, and vinylcyclohexane unit content
of 7.6 mol%. A pressed sheet formed o_f ‘the polymer had a very
high transparency and.was-excellent in Iflexibility and'elastic
recoverablllty The 3C- NMR spectrum of the polymer thus obtained

is shown in F:Lg 1.
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- Example 2

_Into a 300' ml-glass reactor replaced with argon were
introduced 68 ml of vinylcyclohexane and 17 ml of dehydrated

toluene. -After heating to 30T, propylene wa.s bubbled for 15

-minutes to replace argon Wlth propylene. Further 5. 6 ml of'

a solut:l.on of methylalumoxane in toluene [MMAO produced by Tosoh
Akzo Corp. , Al atom converted concentrat:L_on—6 wt%] was charged

and then a mlxture of 4 3 mg of

' isopropylldenebls(1ndenyl)zirconlum dlchlor:Lde in 8.7 ml of_ .

dehydrated toluenewas charged . The reactlon llquld was stlrred "

for one hour and then poured 1nto 500 ml of methanol and a

precipitated wh:Lte solidwas collected throughfiltration. The

solid was: washed with methan'ol ‘and then dried .under reduced
pressure, to obtain 29. 0 g of a- polymer. |

_ | The polymer had an intrinsic v:.scosity [n1] of 0.18d1/qg,
glass transit:.on- point of 62°C 'and v:.nylcyclohexane ‘unit
content J.n the polymer of 55 mol% a pressed sheet formed of

the polymer has a very high transparency. The *C-NMR spectrum

“of the polymer thus-obtalned is shown in Fig. 2.

Example 3 . | _ |

. The same operati'.on as in__Ex'ample 2 ek_cept that the amount
of charged vinylcyclohexane was changed from 68 ml to. _i92 ml
and dehydrated'toluene was not. used was carried out to give
28.1 g of a polymer. The polymer had an intrinsic viscos:.ty
[n] of 0.19 d1/g. glass trans:.tlon p01nt of 77°C and
viny—lcyclohexane unit 'content in’ the polymer of 67 mol3. A

pressed sheet formed of the polymer has averyhigh transparenc_y .
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The 3c- NMR spectrum of the polymer thus obtained is shown

in Flg. 3.

- Example 4 -

[Production of copolymer]

Into a 5000 ml-aut'oclave "replaced 'with argon were
introduced 441 g of v:.nylcyclohexane and 1242 g of dehydrated _.
toluene . After heating to 30°C-, propylene was charge_d thereln' -

to 0 4 MPa. Further, 15.6 ml of a solution of methylalumoxane

in toluene [MMAO produced by Tosoh Akzo Corp .. Al atom converted :

'concentration-s wtd] and a prev:.ously prepared mixture of 8.7
-mg of 1sopropylideneb1s(1ndeny1)zirconlum -dlchlorlde
dissolved in 8.7 ml of dehydrated-toluene_' and 'l.l'ml of the
foregoing toluene solu_tion of..methylalumoxane were'charged;
The reaction liguid Was stirred for one hour"and' then._ poured
into _6000 ml of methanol, and a"prec:ipit_at_ed.white solid-vas
collected through filtration. The solid was washed with
imethanol and then dried under reduc_ed_pres'sur_e, to obtain 243
g of a polymer. - . o |

The polymer had an :Lntrn.ns:l.c viscos:l.ty [n]ofoO. 18 dl/qg, -

number average molecular weight of 10, 000 molecular we:.ght

dlstrlbution(Mw/Mn) of 2. l melt:.ng p01nt of 116°C glass
transit:l.on. point of -5°C, and v:l.nylcyclohexane unit content
of 3 mol%. A pressed Sheet formed of -the polymer had a very
high transparency and was excellent in flexibility'and elastic
recoverabll:l.ty The H3c-NMR spectrum of the polymer thus obtalned
is shown in Fig 4.

[Preparat:.on Example of adhesive and laminate]
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A steel plate(4 mm in thickness), aluminum plate(ZOOu
m), polytetrafluorcethylene sheet(zooum) the polymer
obta:Lned J.n the Example 4 [productlon of copolymer] and 50

U4m- PET(polyethylene telephthalate) frame],

_polytetrafluoroethylene sheet(2004m), _alumn_.num plate(2004
"m) and steel plate(4 mm in thickness) were piled in these order

' 'and hot pressed at 180T under a pressure of 5 MPa w1th a hot

press molding machine to obtain a sheet l:Lke adhes:.ve
Next, an aluminum foil, an adherend(a polypropylene f£ilm

hav:Lng a thlckness of 1004Lm), the_ sheet-like 'a'dhesiv_e, an’

-adherend(the polypropylene sheet'having a thickness of 2mm)

'and an aluminum foil from the top were success:.vely lamlnated

in these order and thus obtalned lamlnate was kept under 180°C_
under a pressure of 0.3MPa for 3. seconds to adhere a part of
the laminate(25 mmw:l.dth) After peel:.ng off the aluminum foils R
the 1amJ.nate was allowed to stand for 1 hour at a temperature :

of 23T at a humid:l.ty of 50%. Thereafter the lamlnate was cut

' to 10 mm width x 100 mm length(adhered length of 25 mm) . parts

not adhered of the laminate were held and peel test was carr:l.ed- '
out at a peellng rate of 100 mm/second at peel angle of
180 . The peel strength to the polypropylene was 5.9(N/10 mm)
Example 5 .

- Into a 400 ml autoclave hav:l.ng an atmosphere replaced
with argon were introduced 137 ml of vinylcyclohexane and 43
ml g of dehydrated toluene After heating to_ 30C, propylene
was-charged therein to 0.4 MPa. - Further, 7.1 ml of_-a solution

of methylalumoxane in toluene [MMAO produced by Tosoh ','Akzo'
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Corp. ,. Al atom converted concentration=6 wt%] and a mixture
of 6.5 mg of isopropylidenebis(indenyl)zirc_onium.'dichlor'ide
dissolved in 13.0' ml of dehydrated toluene were charged. The

reaction liquid was stir_red_-for two hours and then poured into

. 500 ml of methanol, and a precipitated white solid w'as collected

through filtration. The solid was washed with methanol and
then driedunder reduced pressure, toobtain 105.7 gof apolymer.
- The polymer had an intrinsic viscos:Lty [ n]of0.15 dl/g,

number average molecular weight of 8 000, molecular weight

'distribution(Mw/Mn)- of 2.3, glass transn.tion point of 10T,

and v:.nylcyclohexane unit content of 27 mols. The M¥C-NMR
spectrum of the polymer thus obtained is shown in Fig 5.
‘A laminate was prepared_ and the peel s_trength_ of the
laminate was measured in the same manner as in Example 4
[Preparation Example of ._adhesive and_ 1aminate] except that' the .

copolymer -obtained in'Exam'ple 5 was used as an adhesive. R

" The peel streng.th to the polypro_pyle'ne was".4.0(N/10nmi) .

As described above according to the present invention

.there is prov1ded a copolymer that is capable of having a
constitution not containing any halogen regarded as being

' .problematic from the viewp01nt of env:Lronmental pollution the
-copolymer being excellent in transparency‘ viscoelasticity and.

.adhes:.veness as well as in balance between flex:.bility and heat

res:.stance and a molded article adhes:x.ve and laminate us:.ng _

the same.



10

15

20

22

A

1 A copolymer of a stralt chain @-olefin and a v1nyl
compound (I) represented by the general formula CHZ-CH -R,
wherein_ R is a hydrocarbon group,_ the sterlc;parameter Es of
the substituent R J.S —1'64' or less and the _steric parameter
Bl of the substituent R is 1.53 or more. '

2. The copolymer accord:.ng to clalm 1, wherein the carbon

' atom at 3- pos:.tion of the v1ny1 compound (1) :|.s a tert:.ary or

quaternary carbon atom.
‘3. The copolymer accordlng to claim 1 or 2, whereln the

vinyl compound (I) has no branched structure-ln carbons except :

.the'carbon atom at. 3-position. |

4. 'I'he copolymer according to any one of claims 1 to 3,
wherein the substltuent R in the v:.nyl compound (I) has acyclic
structure. _ _ | _ | |

5. A molded artlcle compr:.s:Lng the copolymer of any one :

of clalms 1 to 4

. 6. An -adhes:.ve comprising' the copolymer-o_f any one of

'.clalms 1 to 5 as an effect:l.ve ingred:.ent..

7. A lam1nate in wh:Lch a layer compris:.ng the adhesive

of claim 5 is 1am1nated on an adherend.



