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TI TLE SF-520 HOT- MELT ADHESI VE COVPCSI TI ON

FI ELD OF THE I NVENTION 5 The present invention relates to a hot-nelt
adhesi ve conposition. Mre particularly, the present invention is
concerned with a hot-nelt adhesive conppsition whi ch exhibits -
excel | ent adhesive strength and can be used as an adhesi ve for styrene
resins. 10 BACKGRELND OF THE | NVENTI ON It
is well known that hot-nelt adhesives cONprrsing a base of a pol yner
such as a pol yolefin, a pol ) a I I nyl acetate
copolyner, a cellulose 15 )A??r ?@gtq'i \?}%HE%% yn%?%%?élr:%t lgcrgl ate, a

pol yvi nyl ether or a pol yur et hane and, added to the base, a tackifier
exhi bi t adhesive effect when applied to, for exanple, a label, a

kraft tape or a cloth tape and el F THE INVENTION recent years, the
fields of application of hot-nelt 20 adhesives are rapidly increasing
because the hot- mefHe presé@fbeshvestosr BEDEEESS tboal e tearantddnadive
sol vent contai ning adhesives in the coating speed, safety, working
envi ronment auhpoEIrgiorsavi Mgre anvitylarnpioy etiechpresent inverddiesiies
conprise a base polyner of EVA or a 25 styrene/conjugated diene bl ock
copol yner addesh¢erned beteh a hpsi-medt adbhssdivié ecomppsition which

| ow- nol ecul ar - wei ght pol yol efi n. . Enhanced performance of adhesives is
i ncreasi ngl y exdvidides excellent adhesive strength and can be used as an

adhesive for styrene resins.
10
BACKGROUND OF THE INVENTION
It is well known that hot-melt adhesives comprising a
base of a polymer such as a polyolefin, a polyamide, a
polyester, a vinyl acetate copolymer, a cellulose
15 derivative, polymethyl methacrylate, a polyvinyl ether or a
polyurethane and, added to thé base, a tackifier exhibit
adhesive effect when applied to, for example, a label, a
kraft tape'or a cloth tape and heated.
In recent years, the fields of applicgﬁibn of hot-melt
20 adhesives are rapidiy increasing because tﬂé'hot—ﬁelt
adhesives are superior to the conventional solvent
containing adhesives in the coating speed, safety, working
environment and energy saving. Commonly employed hot-melt
adhesives comprise a base polymer of EVA or a
25 styrene/conjugated diene block copolymer added to the base
polymer, a tackifier and a low-molecular-weight polyolefin.

Enhanced performance of adhesives is increasingly demanded



SF-520 2 In recent years and it is
Tequired thatg@digsi ves exhibit - hi gh adhesive strength to a variety
of materials. For exanple, specifically, the styrene content of
t he adhesi ve based on the styrene/ conjugated di ene bl ock 5 copol yner
I's increased for inproving the heat resbstance of t he adhesi ve. -
However, the adhesive strength of the resul tant adhesive is not

| sf ,«.and it h b . «difficul | i desi I
bal ance of WAt SR YReEe end i 48 Rasrved, PaRE e v iR e
10 . . THE, I : Th t
I nvention hashlb%%r? dr';naecfeu{en S\%v%ggp CEHGQEVLWEE%V%'S?% %r%)?lihe p(rai g; e:?? .

[t 0s an obj ect ofpdNCuanyl Or Q3R £10Y8NL, 0RO SBURLhECcanbOhe BE the

adhesive 15 conposition having excellen esl ve strengt

SUMVARY OF THEEHIMENTIKdYed on the st¥R8nblEshilighta®! &i&sbesiy@ conposition
of the present I nvention conprises: 20 100 parts by wei ght of

a tackifigr (ddpoldiser is increaskd §0200mpabisngythei it ofediktance of
[err]-ol efin/aromatic vinyl conmpound random copol yner (C).
The second hothersddhexihes. véicovaveesi thenadheshee strepgeisemf theventi on
conprises: 25 100 parts by weight of a base polyner (A,
1 to 900 partmesyltweiylidhefsive dskinbesatByfaaghdry, and it hds theer000 parts
by wei ght of an a-olefin/aromatic

difficult to realize a desirable balance of heat resistance

and adhesive property for the adhesive.

10
OBJECT OF THE INVENTION
The present invention has been made in view of the
above state of the prior art. It is an object of the
present invention to provide a hot-melt adhesive

15 composition having excellent adhesive strength.

SUMMARY OF THE TINVENTION

The first hot-melt adhesive composition of the present

LT
R Y

invention comprises:
20 100 parts by weight of a tackifier (B), -and ‘
1 to 900 parts by weight of an O—olefin/aromatic vinyl.
éompound random copolymer (C).
The second hot-melt adhesive composition of the
preseht invention comprises:
25 100 parts by weight of a base polymer (A),
1 to 900 parts by weight of a tackifier (B), and
1 to 1000 parts by weight of an O—olefin/aromatic

vinyl compound random copolymer (C).



vinyl conpound random copol yner (C). SF- 520

3 giesdgiird hot-nelt adhesi ve conposition of the present

i nvention conpri ses: 100 parts by weight of a base polyner (A,
10 to 300 parts by weight of a tackifier (B), and 5 10 to 400 parts by
wei ght of an a-ol efin/aromatic vinyl conpound random copol ynmer (C). -
In the present invention, the base pol y%er (A is, for exanpl e, at

| east one pol yner f t r . consisting.of. a polyolefin
(aD), *a porar gr ot caH ATy B sve f)amagséﬁﬁoangsr%%t&ae%ﬁfyl
co ou'nd/con'ﬂg;gl@ | .copol yner (a-3). these, the aromatic
viggl tonpouné?%éﬁ?ﬁ%gte ‘di ene copol yner (a-3) is preferred. .
It is preferred i mideLras ey walyeh! b#al Bake! BS%?Tner a), ol efin/aromatic
vi nyl conpound random copol yner ( be an 15 ethylene/aromatic vinyl _
conpound random copwlyereyoAshAtA by weighth8faaokgbkDE8EL MR} C ¥hdY!
conpound random copol yner (O contain structural uniits derived from
an aromatPc Vihyo 400 paoiiepdynaveiigh&n ofinennco—olefinpasmanidovinyl
Further, the second and third hot-nelt adhesive 20 conpositions of the
present i nvertompoursl random sepaliymer (C). nol ecul ar-wei ght pol yol efin (D)

In an amount of 1 to 100 parts by weight per 100 parts by weight of
the base pol yner In thenpreseptdiimventiont hthbabeseobghwne¥ AJA) tim, for
tackifier (B) and the [err]-olefin/aromatic vinyl conpound random

copol yner 25Xampde, at least ongeppilymerhselaeredaffiemnitie cawmpusition of
the present consisting of a polyolefin (a-1), a polar group containing '
.10 polymer (a-2) and an aromatic vinyl compound/coﬁjugated
diene copolymer (a-3). Of these, the aromatic vinyl
compound/conjugated diene copolymer (a-3) is preferred.
It is preferred in the present invention that the o—
olefin/aromatic vinyl compound random copolymer (C) be an
15 ethylene/aromatic vinyl compound random copolymer and that
the o—olefin/aromatic vinyl compound random copolymer (C)
contain structural units derived from an aromatic vinyl
compound in an amount of 1 to 80 mol%. .
Further, the second and third hot—mel%jgahesive
20 compositions of the present invention may Eomprise a low-
molecular-weight polyolefin (D) in an amount of 1 to 100
parts by weight per 100 parts by weight of the base polyﬁer
(A) in addition to the base polymer (A), the tackifier (B)
and the o—olefin/aromatic vinyl compound random copolymer
25 (o).
The first hot-melt adhesive composition of the present

invention may comprise a low-molecular-weight polyolefin

having an intrinsic viscosity (1) of 0.01 to 0.6 dl/g (D)



I nvention may conprise a | ow nol ecul ar-wei ght pol yol efin havi ng an

intrinsic ws&psgéy(n) of 0.01 to 0.6 dl/g (D SF- 520
4 in an anmount of 1 to 100 parts by weight per 100 parts by’
wei ght of the tackifier (B) in addition to the tackifier (B) and the
a-ol efin/aromatic vinyl conpound random 4 copolynmer (C). 5 : -

DETAI LED DESCRI PTI ON OF THE | NVENTI ON The hot - nel't adhesi ve

conposition of the esent ntion descrlfﬁg i n det.ai

|1
bel ow SE Hotndbl BARES: ¥ ¥BRGBE: PRorLE) PRE B en
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oy "comourté R i 5‘53 ia???ﬁﬁ'lf & (® W kb cooprentr AR

| ow- nol ecul ar (aei G 0l YlSfd #in/aromat: v1nyl compouR@CPaRboh e second
and third hot malt adhesive 15 conpositions of the present iInvention

conprises a lib”éﬁ‘o lymer phyner (A, a tackifier (B) and an a-olefin/aromatic

Vi nyl conpound random copol yner (C) optionally together with a

| ow nol ecgl ar-wei ght pol yolefin (D). First, each of the above
conmponents (A), (B), (O and 20 (D) for use in the present invention
wi |l be descri bed. REEACT IoH ROCRIA B SE pol yner (A

added according to neceSS|ty I n the present invention is not
particularly |im tEde dsot-amglt adhessiviet compasptlipnenfgeher ptéyertipl oyed in
common hot - nel t
invention will be described in detail below.
The first hot-melt adhesive composition of the present
10 invention comprises a tackifier (B) and an a-
olefin/aromatic vinyl compound random copolymer (C)
optionally together with a low-molecular-weight polyolefin
(D).
Each of the second and third hot-melt adhesive
15 compositions of the present invention comprises a base
polymer (A), a tackifier (B) and an a—olefin/arématic vinyl
compound random copolymer (C) optionally together with a
low-molecular-weight polyolefin (D).
First, each of the above components LA), (B), (C) and
20 (D) for use in the present invention will be described.
Base polvmer (A)

The base polymer (A) added according to necessity im
the present invention is not particularly limited as long
as it is a polymer generally employed in common hot-melt

25 adhesives. Examples of suitable base polymers (A) include
a polyolefin (a-1), a polar group containing polymer (a-2)
and an aromatic vinyl compound/conjugated diene copolymer

{(a-3).



25 adhesives. Exanples of suitable base polyners (A) include a

‘pol yol efin (ag@)sa@ pol ar group containing polyner (a-2) and an

aromati c vinyl conpound/conjugated di ene copol yner (a-3).

SF-520 _ 5 Pol yolefin (a-1)

Exanpl es thereof include: po%yethylenes (HDPE, LDPE, LLDPE, -

etc.); polypropylenes (atacthlpolypropy:ene synﬁlotactlc 5
ol ypropyl en n et hyl ene/ propyl ene copol yners

golé? ngup p AR (a-2) Exanpl es thereof includé:

(1) ethylenel/vinyl ?%edﬁﬁggéégﬁ} éﬁ@g@ 10 (2) nodified EVA

pol yners such as sapo ‘graft-nodified EVA,
(3) ethylene/ (et ForfOROlptiB S i) Ak . .
ethylene/ethyl(neh%ﬁacry ate (Eé; fﬁs eono r resins obtained

by partially neutrghi 533ﬂ§9@*h%@&5%&1g acid 98£¥ fo Such
ag pol ymer 6%%ﬁ%$€§%¥ly aval | abl e by the tradenna yﬁ? ng% from
M tsui DuSPonpoRabysdiereread| ;etc.); and (5)

et hyl ene/ propyl ene/ (et h)acrylic acid terpol yners; _ _ (6)

pol yam des: pr oducétshpbéme fimrbdiyl ersacicpad yier2Q di basic acid with a

di am ne, for exanple, those obtalned by reactlng a dinmer acid which is
a diner of a Relax groub gontaining, 2277 If ), tung oil or tall oil with
an al kyl di am ne such as ethylenedlanlne or diethyl enetriam ne and

nyl ons Examples thereof include:
(1) ethylene/vinyl acetate copolymer (EVA);
10 (2) modified EVA polymers such as saponified EVA and
graft-modified EVA; |
(3) ethylene/(meth)acfylate copolymers such as
ethylene/ethyl (meth)acrylate (EEA);
(4) ionomer resins obtained by partially neutralizing
15 ethylene/(meth)acrylic acid copolymer, such as polymer
commercially available by the trade name of Himilan from
Mitsui Du Pont Polychemical;
(5) ethylene/propylene/(meth)acrylic acid terpolymers;
(6) polyamides: products obtained by %%gating a
20 dibasic acid with a diamine, for example, those obtained by
reacting a dimer acid which is a dimer of a fatty acid such
as soybean o0il, tung oil or tall oil with an alkyldiamine
such.as ethylenediamine or diethylenetriamine and nylons
such as nylon-12, examplés thereof including polymers
25 commercially available by the trade name of Diamid (Daicel
Chemical Industries, Ltd.), Platilon (Toagosei Chemical
Industry Co., Ltd.) and Amilan (Toray Industries, Inc.);

(7) polyesters, for example, those commercially



such as nylon-12, exanples thereof including polynmers 25 commercially
‘avai | abl e by ghes4g ade name of Dianid (Daicel Chem cal Industries,
Ltd.), Platilon (Toagosei Chem cal | ndustry Co., Ltd.) and Am | an
(Toray Industries, Inc.); (7) polyesters, for exanple, those
comercially SF-520 6 6 -
avai l abl e by the trade nane of Ester Resin 200 or 300 (Toyobo Co.,

Ltd.) and Vgl 20000 AP0 CIMMERG A Ecinaper sBUDHCh 0RO, dofl )i and

(8) vinyl ace copo e/crotonit acid

copol ymer, Vi py, ¥6’&F&té’6 e/ Rl Idhg Vltela%)édEh:dgoﬁogéwggia?”f'l ML y!

acet at e/ vi nyl pyrtoli done’ copol yner |'ul ose derivative polyners,

pol ymet hyl Rubb&BIHRRC) Vit § ;P@ngrers, pol yvinyl ether pol yners,
pol yur et hane pol yners and thernnsettlng resin polynmers. 10 Aromatic vinyl

conpound/ conj ugat e¢s fi eNey T et dobollymers such asT®#€nglonmatic vinyl
conpound/ conj ugat ed di ene copol yner (a-3) is a copolyner of an
aronmati ¢ & nyhcecapelurbtaoiia acid copelymegat, edridiydnacevapeyphtiosl fc pr oduct
of hydrogenati on t hereof. Exanpl es thereof include styrene/butadiene
random 15 -capydmide copolomed sad ewdayﬂ.aactenatwvﬁ.yﬁpyrrolidone

but adi ene/ pol ystyrene bl ock copol yne pol ystyrene/ pol yi soprene bl ock
copol yner,  COPQLYTIRX yr qﬁﬂ%ﬁsﬂﬂmmmm§ayelp@ﬂymene tPPbY@@khEbpolyner

pol ystyrene/ pol butadlene/polystyrene tri bl ock copol yner,

pol y( a- net hy| 8¢ ]/ab‘EfF RKARATEN e PRGNy LBV r F}'—hﬁﬁt H?P—H‘?%’%ne)

tri bl ock copol roducts of hydr enatlon t her eof . These
pol ymers, bot® giﬁ%ﬁﬁ#hﬁﬁ%] éi¥@ﬁﬁf 8% nEPsgtting res1n polymers.

10 Aromatic vinyl compound/conjugated diene copolymer (a-3

The aromatic vinyl compound/conjugated diene copolymer

(a-3) is a copolymer of an aromatic vinyl compound and a
conjugated diene compound or a product of hydrogenation
thereof. Examples thereof include styrene/butadiene random

15 copolymer, styrene/isoprene random copolymer,
butadiene/polystyrene block copolymer,
polystyrene/polyisoprene block copolymer, _
polystyrene/polyisoprene/polystyrene triblock copolymer,
polystyrene/polybutadiene/polystyrene trlblock copolymer,

20 poly(a—methylstyrene)/polybutadlene/poly(a-methylstyrene)
triblock copolymer and products of hydrogenation therepf:
These polymers, both unhydrogenated and hydrogenated
polymers, are commefcially available. For example, such
polymers are commercially available by the trade name of

25 cariflex TR-1101, TR-1107 and TR-4113 (Shell Int. Chem.
Co., Ltd.), Kraton G-6500, G-6521, G-1650, G-1652 and G-
1657 (Shell Chem. Co., Ltd.) and Solprene and hydrogenated'

Solprene (Phillips Petroleum Co., Ltd.).



polyners, are conmercially avail able. For exanple, such pol ymers are
commercially éggﬁéémne by the trade name of 25 Cariflex TR-1101, TR- 1107

and TR-4113 ( Int. Chem Co., Ltd.), Kraton G 6500, G 6521,

G 1650, G 1652 and G 1657 (Shell Chem Co., Ltd.) and Sol prene and
hydr ogenat ed Sol prene (Phillips Petroleum Co., Ltd.). SF- 520
7 In the present I nvention, the above base pol yners can be

oo ot e o orh o b S SN ARRT e Bve bgpd RS ERRRS e anc
products of drqgﬂf %ﬁﬁ‘é'“%é%UEd%Fﬁng}%rp&SfS mBQPFIESnarOH?t%ﬁ vi nyl

conmpound/ conj %é& i'sTespecralry preferre

Tackifier (Béa ove bas aqoﬁﬁﬁnér%g krre argmatflgr VRG] Eoﬂlgguﬂé?é iﬂgé‘ﬁ’%t ion

S adde reg t viscosity o ase po
(A) and for '&Péﬁ’é“é@péﬂﬁn taﬁ@fa&om@weufl ﬁg,d%geﬁa&wﬁ thereé'f‘eé;e@f The

tackifier (B) 1s not particularly limted | ong as, when bl ended
with the Baseppofaw®ad (AT hrigaitdd vinyl l::'b 6%&?&6ﬁ§ﬁga€§dl'@ieﬁé10k and
wetting propertles of the -+ base polyner (A). 15 Exanpl es of

sui tabl e tack¢$p@1yméﬁ$13r&ﬁpgbiaﬂmycp@bmérred. hydr ogenat ed tackifiers,
rosins (unnodified or nodified rosin and products of esterification
thereof ), aliPphckifier (Bletroleumresins, alicyclic petroleumresins,
aromatic petrol eumresins, petroleumresins based on a copol yner of

20 aliphatic and ErentackiLiempot@ntfor use ol ¢hel presenghinvention is

added for regulating the melt viscosity of the base polymer:

10 () and for improving the hot tack and wetting properties
thereof. The tackifier (B) is not particularly limited as
long as, when blended with the base polvmer (A) and heated,
it can improve the hot tack and wetting properties of the
base polymer (A). |

15 Examples of suitable tackifiers (B) include alicyclic
hydrogenated tackifiers, rosins (unmodified or modified
rosin and products of esterificaﬁion thereof), aliphatic
petroleum resins, alicyclic petroleum resins, aromatic
petroleum resins,-petroleﬁm resins based oﬁi;fcopolymer of

20 aliphatic and aromatic components, low—moiécular—éeight
styrene resin, isoprene resin, alkyl phenolic resin,
terpene resins and coumaroneindene resin. These tackifiers
(B) can be used either individually or in combination in

the present invention.
25 g-—olefin/aromatic vinyl compound random copolvmer (C)

The o—olefin/aromatic vinyl.compound random copolymer

(C) for use in the present invention is a random copolymer

of an o—olefin and an aromatic vinyl compound. ' The oO- -



styrene resin, isoprene resin, alkyl phenolic resin, terpene resins
‘and counar onedgdene resin. These tackifiers (B) can be used either

i ndividually or 1n conmbination in the present invention. 25

a-ol efin/aromatic vinyl conpound randon1copo|yner (O The

a-ol efin/aromatic vinyl conpound randonhcopoly (C for use in the
present invention is a random copol yner of an a-olefin and an
aromatic vinyl conpound. The a- SF: 520

8 ol ef i reiefint gis exiaplaxampdieac Sed ected frpRgamongetiasefins having 2
to 20 carbon atoms, such as ethyl ene, propyl ene, 1- but ene,

3-met hyl - 1- blhasnigig £ rfst 130 carthgmen@omﬁv psuchnas ethyleneexpreoylene,

4- et hyl - 1- pent ene, 1- heptene -octene, 1- 5 nonene, 1-decene,
1-undecene, LLUdHsnswe, 1@%@h¥%ﬂ%ﬂh§teEe 4-methyladcbubene - horrarRene,

1- hexadecene, 1 hept adecene, oct ad nonadecene and

c
1- ei codecene.t éﬁﬁﬂ”ﬁé?ethi& %ﬂﬂ?PFﬁ§ecaﬁ §8PE§§8'e}fﬂ%Fe?ﬂdl Tdual ly or

i n conbi nati on. es .of SUIt bl.e aronatlg Qgecconpo nds
st

include 20 ?ﬁ%ﬁ%ﬁnalrﬂﬁﬁ?n%;wk) raRascsntn ene,
met hyl styreneteé’g; %J{:é{_}estylr %ta‘&'g'@%h@yl it ﬁrﬁ:gmgnréne h?% Ona+st]yrene

o- et hyl styrene; Styr e an gr oup
contai ni ng stdétsﬁwecene, dE-fridh’r&dét%‘heSléﬁbl a.SeEebae&)éﬁbyremﬁe %Méyalyrene

15 vinyl benzoic acid, nethyl vinylbenzoate, vinylbenzyl ~acetate,
hydr 0XySt yT engy e Ot e Tey e éitﬁ@&oﬁﬁaﬁ.ﬁiaﬁ&ll?( orafid EbpbivabeEszene,
3- phenyl propyl ene, 4-phenyl but ene and a- net hyl styrene. O these,

styrene. and 4-net hexamdleenef suitsble promatiedvinyl compounds include

10 styrene; mono- or polyalkylstyrenes such as o- |
methylstyrene, m-methylstyrene, p-methylstyrene, o,p-
dimethylstyrene, o-ethylstyrene, m-ethylstyrene and p-
ethylstyrene; functional group containing styrene
derivatives such as methoxystyrene, ethoxystyrene,

15 vinylbenzoic acid, methyl vinylbenzoate, vinylbenzyl
acetate, hydroxystyrene, o-chlorostyrene, p-chlorostyrene

and divinylbenzene; 3-phenylpropylene, 4-phenylbutene and
o-methylstyrene. Of these, styrene and 4-methoxystyrene

T
w .

are preferred.

2

20 The o—olefin/aromatic vinyl compound random copolymer

(C) comprises 99.9 to 20 mol%, preferably, 99 to 50 mol%:
still preferably, 99 to 70 mol% of structural units deri&éd
from an o—olefin and 0.1 to 80 mol%, preferably, 1 to 50
mol%, still preferably, 1 to 30 mol% of structural units
25 derived from an aromatic vinyl compound. When the content

of structural units derived from an aromatic vinyl compound



20 The a-ol efin/aromatic vinyl conpound random copol yner (O
‘conprises 99. Ié? 0 nol % preferably, 99 to 50 nol % still

pref erabl vy, t 0 nol % of structural units derived from an
a-olefin and 0.1 to 80 nol % preferably, 1 to 50 mol % still
preferably, 1 to 30 nol % of structural units 25 derived froman aromatic
vi nyl conpound. Wen the content - structural units derived from an
aromatic V|nyI conpound,

9 fal | sEthsiQuetsife %Mﬁgéangﬁe éé}ﬁe#bésﬁ’%p@?‘t’?e?%l’ is

likely to be Is preferred that the a-olefin/aromatic

vi nyl &'ﬁg%jcﬁﬁat a}?ﬁi(ﬁﬂ’%pol ymer (C) for use in the present 5
invention be a ranfﬁn}lgn éféﬁe@ftﬁ@%@% ~ AL ARG tic v1ir%?y|

conmpound and an a-o aV|ng to 20 carbon atons.

suitabl e a oI %’h‘\? t(_%p?oq%]:bq@:)atfggsgse 1n gﬁggﬁ?%ﬁ)@yl ene

1- but ene, ene, 1-hexene,

4-met hyl - {%\g%guén *Eé)to?rlf‘andol-:{) CO%OQ%%QeofleE gg@ﬁe lafeshka

1- undecene cene, 1- tridecene, I-tetradecene, 1- pentadecene

1- hexadecene, vinyl compdéid adel a&iie o-blefiaddetiag 3- RBenadeegfboAndtons.

1- ei codecene. O these, 1-butene, 1-pentene, 1-hexene and 1-octene
are pr efxamples 7o sbittable o-efliefinsahaléngsd@dtei 2hecarkdn atoms

i ndividually or in conbination. In the copol yner obtained from
et hyl ene and iamclude praoprierce,vilmbutens)odrtethyilohablyehoged hesthyl+l-an a-
olefin, the nolar ratio of structural units derived from- ethylene to
structural urbutenker i laperntens aljhexeneg| df-mgthed-lhpenhend, t b-ldpendon

at ons (et?ylene/a ol efin) generally : _
l-octene, l-nonene, l-decene, l-undecene, l-dodecene, 1-

tridecene, l-tetradecene, l-pentadecene, l-hexadecene, 1-
heptadecene, l-octadecene, l-nonadecene and l-eicodecene.
Of these, l-butene, l-pentene, l-hexene and l-octene are
preferred. The above O~oclefins can be used either
15 individually or in combination.
In the copolymer obtained from ethylene and an

aromatic vinyl compound optionally together with an o-

olefin, the molar ratio of structural units derived from

ethylene to structural units derived from éﬁ“&—olefin

e

20 . having 3 to 20 carbon atoms (ethylene/a—olefln) generally
ranges from 100/0 to 40/60, preferably, 100/0 to 60/40 and,
still preferably, 100/0 to 70/30. '

When the molar ratio of structural units derived from
ethylene to structural units derived from an 0-olefin

25 having 3 to 20 carbon atoms is in the above range,

excellent adhesive property is ensured.



ranges from 100/0 to 40/60, preferably, 100/0 to 60/40 and, still
preferably, éQOéQ oto 70/ 30. When the nolar ratio of structural
units derived from ethylene to structural units derived from an
a-olefin 25 having 3 to 20 carbon atons is in the above range,

excel | ent adhesive property is ensureﬁ. SF-520 -
10 In the copol ynerizatio %f the a-ol efin/aromatic vinyl
conpound random copol ymer, use nmay be made of anot her nononer, for
exanpl e, a nonconﬂugahedcdpehymegxaarpi@n of the a—@lﬁﬁzamaerqmmm@mled
di enes include 1, 4-pent adi ene, 1, 4- 5 hexadi ene,

4- et hyl - 1, 5¢bmpbaddenend6m nedmylm,Z-use mayndreb magenef another

5-et hyl i dene- 2- nor bor nene, 5-isopropenyl -2- nor bor nene,

2, 5- nor bor natoaAmeri, Gogyex@mlad@n@on@njugate& Idileaee- 2 EBampiLesr nfdi ene,
2-i sopropenyl -2, 5- nor bor nadi ene, di cycl opent adi ene, 1, 6-o0ctadiene,
1,7- 10 ocfHdtehie peRegRivgRFeAisResHqclude 1,4-pentadiene, 1,4-

di hydr odi d | d th t th
Unoat L?a{iycks?cs&%n'sin crathehd, S dad e s maty L sRechac: vl .ef;salm.ﬂ
t d, | b d t
o el Ty BB efel Ch et 1 dene I IS, Hl9RopTRbenfrRed BN
above a-ol f LpLALORBLLS 3] WlovbornaBOIREUY) ¢ SRGMARGLKAE! have an

intrinsic viscosi as neasured rr]C, of 0.01
to 10 dl/g. \Q‘Eﬁg}lene 2, Bbﬁoifﬁéfﬁéﬁiéné“ %C%clﬁidd@nyl&z' g_the range of 0.01

to 0.6 20 dli/g, the resultant hot-nelt ‘adhesi vé exhi bi'ts satisfactory
norbornadiene, dicyclopentadiene, 1,6-octadiene, 1,7-

10 octadiene, tricyclopentadiene and
dihydrodicyclopentadienyloxyethylene and further include
esters with unsaturated carboxylic acids such as acrylic
acid, methacrylic acid, itaconic acid, maleic acid and
fumaric acid. These may be used either individually or in

15 combination.

It is preferred that the above 0—olefin/aromatic Vinyl

compound random copolymer have an intrinsic wviscosity (n),
as measured in decalin at 135°C, of 0.01 to lO dl/g. When
the intrinsic viscosity (1) is in the range of 0.01 to 0.6

20 dl/g, the resultant hot-melt adhesive exhibits~satisfactory
performance. When the intrinsic viscosity (1) exceeds Oﬁé
dl/g but is not greater than 10 dl/g, the workability (meit
viscosity, stringing prevention) is improved to thereby
facilitate handling at the time of adding low-molecular-

25 weight polymers.

In the ¢0-olefin/aromatic vinyl compound random

copolymer for use in the present invention, it is preferred



performance. Wien the intrinsic viscosity (n) exceeds 0.6 dl/g but is

not greater tgamd® dl/g, the workability (melt vi scosity, stringing
prevention) is inproved to thereby facilitate handling at the tinme of
addi ng | ow nol ecul ar- 25 wei ght pol yners. In the

[err]-ol efin/aromatic vinyl conpound-rqqdon1 copolymer for use in the.
present invention, it is preferred SF- 520 ’

11 f th ' i nt  .of j .St th_and_h Li .
VNG 1 R A T e O
units consti tée%é;[‘rgeé‘s CQ@'&%FE:H@ ‘H)fﬂo’&s\‘}@'l‘i:'in ! that théeéélzié"@fs”um ur al
units derived roman aromati c viny conpodn are arrange I N sequence

be 1% or | essgryyctur£EPaH &4 |dondtit g QS%hQaaeet?uggﬁfeS.{ﬁUﬁ%ﬁ'aeni ts

derived fromthe aromatic vinyl conpound.” The conten e chain

structure in Y8ish Bho! Sedictyrnis uditisliqRriveld $rom an 486N f oM AN
aromati c vinyl conpound are arranged in 10 sequence can be determ ned by

13C-NVR 5 compound afenatfendgedlief issimienrat be tRNpk tegppund random
copolynmer is an ethyl ene/aromatic vinyl compound random copolymer, it
is preferred éspécidbEly vallke detlass bagedy on the theud8GralMRuspestrum
thereof and the following formula 15 range from0.80 to 2.00, especially,
from 0. 85 to deBiyed from sthe |amamgddicamiynylf compdugd.t oThedSonbent fof t her
still especially, from1.00 to 1.40. B val ue =
(PSE) /| (2- (¥me cham))structugerigl whiph) atepeaséntwot BEruchusal , unktser ns
of molar 20 _fraction, of structural units derived from ethyl ene,

_ derived from an aromatic vinyl compound are arrahged in

10 sequence can be determined b& 13C-NMR.

When the o~olefin/aromatic vinyl compound random
copolymer is an ethylene/aromatic vinyl compound random
copolymer, it is preferred that the B value determined by
the 13C-NMR spectrum thereof and the following formula

15 range from 0.80 to 2.00, especially, from 0.85 to 1.50,
still especially, from 0.95 to 1.45 and, further still
especially, from 1.00 to 1.40.

B value = (PSE)/(Z—(PE)j(Ps))
wherein (PE) represents the content, in tefﬁé‘of molar

20 fraction, of structural units derived fraﬁ';thyleﬁe
(ethylene units) in the ethylene/aromatic wvinyl compound"
random copolymer, (Pg) represents the content, in terms of
molar fraction, of structural units derived from the
aromatic vinyl compound (aromatic vinyl compound units) in

25 the ethylene/aromatic vinyl compound random copolymer, and

(Pgeg) represents the ratio of the number of aromatic vinyl

compound unit/ethylene unit chains to the total number of



(ethylene units) in the ethylene/aromatic vinyl conpound random

‘copol yner, (Regp_gR/presents the content, in terns of nol ar fraction,

of structural units derived fromthe aromatic vinyl conpound
(aromatic vinyl conpound units) in 25 the ethylene/aromatic vinyl
conpound random copol yner, and (£§E) represents the ratio of the -
nunber of aromatic vinyl conmpound®uni t/ethyl ene unit chains to the
total nunber of . . . SE3520 s . 1

dyad chai ns i‘f}’a}%e‘ﬂb"tﬂ&ﬁ /Ao FEFYE SORAPT BB RS uTH™Y hngdRpound rc%%do‘f“&r@r.
The B val ue c§?5§#94% by the above fornula is an i ndex indicating
the state of di"stribution of ethylene 5 units and aromatic vinyl conpound

its in the copol r | e I @) i ference
U0 e oo PO gD retge BRI RSBt BoBALNLD,

to the reports of J. C ecul es, 2)) and

J. Ray (Yt iERdt8hg the 5E3te18E7HistFNBuEISAl6F &ylene above B

val ue, the shorter the blocked chains of ethylene 10 wunits or aromatic
vinyl confounghiys tend tdiemeitid Rdingat cofipound uhlies ihetké séspdilymen. of

et hyl ene units and aromatic vinyl conmpound units is uniform On the
ot her hand, tTie Smatdlare can be dateimifietihwiBhvakfierehde torthearepofty m
the distribution of ethylene/aromatic vinyl conpound random
copol yner, 18 JhdtelRandadilcdMacgomhaecuhesbl 38ked53hbl 982 by eanh@nBt hened.
A process for producing the a-olefin/aromatic vinyl conmpound random
copol yrmer wi IRahoMasramadaawdes., 10, 773 (19TRR) a- oThaei sreatrmttie vi nyl
conpound randqgm copol yner for use in the present invention can be
above B value, the shorter the blocked chains of ethylene
produced by
10 units or aromatic vinyl compound units, thereby indicating
that the distribution of ethylene units and aromatic wvinyl
compound units is uniform. On the other hand, the smaller
than 1.00 the B value, the more nonuniform the distribution -
of ethylene/aromatic vinyl compound random copolymer,
15 thereby indicating that the blocked chains are lengthened.

A process for producing the o—olefin/aromatic vinyl

compound random copolymer will now be described.

The o~olefin/aromatic vinyl compound random copolymer

for use in the present invention can be prdéﬁéed b

[40d .

20 copolymerizing ethylene and an aromatic vinyl. compound
optionally together with an o—olefin having 3 to 20 carbon
atoms, for example, in the presence of a metallocene
catalyst (a).

Any of metallocene catalysts having been commonly used

25 - as a single site catalyst and metallocene catalyst similar

| thereto can be ﬁsed as the above metallocene catalyst (a)
without any restriction. In particular, preferred use is

made of a catalyst composed of a metallocene compound of



20 copol ynerizing ethylene and an aronmatic vinyl conpound optionally

toget her Wit gl syolefin having 3 to 20 carbon atons, for exanple, in
t he presence of a netall ocene catal yst (a). Any of

nmet al | ocene catal ysts having been comonly used 25 as a single site

catal yst and netal | ocene catal yst 5|n1# r thereto can be used as the.
above netallocene catalyst (a) w t Hout any restriction. In particular,
preferred use |3 oipiolitad @ra2b3kYsh SSPRPSEGnSludsi™ts | ggene compound

met al (tran5|t|é$hén¥&ﬂln ”%&&n@%mﬁgﬁndaga)(aTd?SQaQSai$W§£§§%Qﬁ¥1Q?npound

(c) and/or ar’y nizIrng ionic
sui tabl e netakhﬁﬁﬁﬂﬁ1cQﬂpounds (b) include 5 netal | ocene conpounds of

transition netals se ected from anong the elenents of Goup IV of the
periodic table (| ofgamples RSY ik tayn@) n@%aﬂ.@@b@ﬁberﬂiéoQﬁ@é'p(EP”ﬂ%ﬁléet0
18 of revi sed i ssue (1989) .of the | UPAC I norganic Chem stry

Norencl at §r e, mdth Pdddrial lctmpotidel eEeheafisiBouAdtietdls sE€RECSENt BkbrPY t he
foll owi ng general fornmnula: ML_x (1)

wherei n M r epinesigntithe dlletdititls of Gebap ¢l 6€t eHefp@frwcmmg:able {Teng

el ements of Goup IV of the periodic table, for exanpl e, zirconi um
titani um or hadmiadntypel as dntieatél byageoup ntmbéestl ansil8 cf net al .

In the fornmula (1), Ls represent |igands which coordinate with the

transition netetisefitissfug Hd983)aprf the LERAC Bnergambe cChemistry

cycl opent adi enyl skel eton. The .
Nomenclature, in particular, metalocene compounds

10 represented by the following general formula:
MLx (1)
wherein M represents a transition metal selected from among
the elements of Group IV of the periodic table, for
example, zirconium, titanium or hafnium, and x is the
15 ~valence of the transition metal.

In the formula (1), Ls represent -ligands which
coordinate with the transition metal. Out of these, at
least one ligand L has a cyclopentadieqyl skeleton. The
ligand having a cyclopentadienyl skeieton ﬁé&fhave

20 substituents. ’ l

Examples of suitable ligands having a cyclopentadienyl
skeleton include a cyclopentadienyl group; alkyl- or
cycloalkyl-substituted cyclopentadienyl groups such as a
methylcyclopentadienyl group, an ethylcyclopentadienyl

25 group, an n- or i-propylcyclopentadienyl group, an n-, i-,
sec- or t-butylcyclopentadienyl group, a hexylcyclopenta-
dienyl group, an octylcyclopentadienyl group, a dimethyl-

cyclopentadienyl group, a trimethylcyclopentadienyl group,



| i gand having a cycl opent adi enyl skeleton may have 20 substituents.

‘Exanpl es of syt e |ligands having a cycl opent adi enyl skel et on

i nclude a cyclopent adi enyl group; alkyl- or ~cycloal kyl -substituted
cycl opent adi enyl groups such as a met hyl cycl opent adi enyl group, an

et hyl cycl opent adi enyl 25 group, an n; | - propyl cycl opent adi enyl group,

or
an n-, i-, sec- or t-butylcyclopeﬁﬂadienyl group, a hexyl cycl opent a-

di enyl group, an octylcycl opent adi enyl oup, a di nethyl -
cycl opent adi e%ﬂe%?%%ﬁngalQ%mw%@P%eﬁ?%Pen9| P@?%ﬁ%?thylcyclo-
SF- 520

. 4 .
t et r anet hyl cy%?rbtp%qﬁ%]er%ﬁou&’oﬁpfneﬁhﬁ{&ﬁ%H%Fﬁfjﬂ'eséPB@dlenyl PR Rdi®Eny|
, t adi I,
et hyi propy| CYSTERRH R Bs T3 s Beple, P operaYLOutYloYRiTagi eny
;. *@gg I di .
g;?ﬁslbgngif % opé%%é@ie y drEﬁg%kgﬁig%ﬁ¥ﬁgﬁ?%?%?%F%élenyl gfﬁﬁﬁhﬁ?eny

group, anget Xty AR R 84 2UBr80E, an etﬁylbuqucyclo—
met hyl cycl ohexyl cycl opént adi enyl group; and an 1 ndenyl dgroup, a

4,5, 6, 7-t et r abait QATEBAY | grasup a@zn@thﬁlhexylaw%ﬁaﬁhaai@wl _ gﬁ&lﬁ, and
These groups may be substituted with hal ogen atons, trial kylsilyl
groups and otaetetthylpsclohexyleyclopehthidéenylr gupap; adkdl - substi t ut ed

cycl opent adi enyl groups are preferred. When t he

met al | ocene compndehyl)gmwfun,he 405mél, d-Cérrabhgdrbasdenyl egmstur vand a
cycl opent adi enyl skel et on havi ng groups as | igands L, two of the
cycl opent adi eﬁi;\lomletmwmvi ng

10 These groups may be substituted with halogen atoms,
trialkylsilyl groups apd other groubs. |
Of these gfoups, alkyl-substituted cyclopentadienyl
groups are preferred.
When the metallocene compound (b) of the formula (1)
15 Thas at least two cyclopentadienyl skeleton having groups as
ligands L, two of the cyclopentadienyl skeleton having
groups may be bonded with each other through an alkylene
group such as ethylene or propylene, a substituted alkylene
group such as isopropylidene or diphenylmeﬁ%&iene, a
20 silylene group or a substituted silylene gfoﬁp suéh as
dimethylsilylene, diphenylsilylene or methylphenylsilyieﬁe.
Examples of other Ls than the cyclopentadienyl’
skeleton having ligand include a hydrocarbon group having 1
to 12 carbon atoms, an alkoxy group, an aryloxy group, a
25 sulfonic acid containing group of the formula -SOs3R!
(wherein Rl represents an alkyl group, anlalkyl group

substituted with a halogen atom, an aryl group or an aryl



groups may be bonded with each other through an al kyl ene group such

as ethylene ogp Pyl ene, a substituted al kyl ene group such as

i sopropyl i dene or di phenyl net hyl ene, a 20 silylene group or a
substituted silylene group such as di met hyl si |l yl ene, di phenyl silyl ene
or net hyl phenyl sil yl ene. ?@$Ies of other Ls than the -
cycl opent adi enyl skel et on havi ng'l gand I ncl ude a hydrocarbon group

h 1 to 12 carbo roup, an ar rou a 25
Calfomi ¢ aci YR %ﬁ?p“afthtﬁe AePadtery 8Fr?ﬁ[%ﬁ‘¥f 205D uer el
err] repre s an n aIk roup substituted with a

hal ogen aton1 SF- 520

15 gr oup suﬁ tghlacaﬁ?ﬂ PIGRBABI BIALKLaBEONP) 8 12

hal ogen at om and ogen aton1 su

hydrocarbon gtokgs, r&?\i’drﬁ@ 13116191&122& alky@.a&?B at Qnéglrzgﬁéf?? a%r%&ﬁylan

group, a cycloal kyl group, an 5 aryl .-grodp a d an

Speci fi caby, ®SuPfand an s34l |§r’8ﬁ§r009b€851f969l'95 éi@&m;':'i’@é. of

an al kyl group such as nethyl et hyl', n-propyl, | sopropyl, n-butyl,

I sobutyl, secsﬁnﬁablethyuﬁ¢darhmmn@¢bups incltgsyl, octyl, decyl or dodecyl;
10 a cycl oal kyl group such as cycl opentyl or cyclohexyl;

an aryl group suchamsalibehydgraup tsalohl asameéthyl, ethyl,an-prébky) group such
as benzyl or neophyl. Exanpl es of suitabl e al koxy groups include
met hoxy, iseprapyd . m-puipdxy isicbupydposec-bubyl oxy-buspbutmentykec- 15
but oxy, t-butoxy, pentoxy hexoxy and oct oxy. Exanpl es of

sui tabl e arylBsylyr apelndassd prededpcyl;
10 a cycloalkyl group such as cyclopentyl or cyclohexyl;

an aryl group such as phenyl or tolyl; and
an aralkyl group such as benzyl or neophyl.
Examples of suitable alkoxy groups include'methoxy,
ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec-
15 Dbutoxy, t-butoxy, pentoxy, hexoxy and octoxy.
Examples of suitable aryloxy groups include phenoxy.
Examples of suitable sulfonic acid containing groups
of the formula -SO3Rl include methanesulfonate, p-
toluenesulfonate, trifluoromethanesulfonatéiéﬁd p-
20 chlorobenzenesulfonate. .
Examples of suitable halogen atoms include fluorine,
chlorine, bromine and iodine.
When the valence of the transition metal is, for
example, 4, the metallocene compound (b) of the formula (1)
25 can specifically be represented by the general formula:
R2)R3 R4, R5M - (2)
wherein M represents a transition metal, pfeferably,

zZzirconium or titanium as in the formula (1); R2 represents



Exanpl es of suitable sulfonic acid containing groups - of the formula
-SGBR1 i ncl udg,r anesul fonate, p- t ol uenesul f onat e,
trifluoronethanesul fonate and p- 20 chl orobenzenesul fonat e.

Exanpl es of suitable hal ogen atons include fluorine, chl ori ne,

brom ne and i odi ne. When the val ence of the transition netal is,
for exanpl e, 4, the netall ocene g%pound (b) of the formula (1) 25
can specifically be represented by the general fornula;

R err] k[ err] 12 f¥3iRRenYadianyl skeleton havinghgrepp NligprdienRd, R

transition nmetal,_dQreferabl, . zirconium.,Qr. titaniumas in the fornul a
(1); R2 repré@% tgﬁ)may be fﬁen§¢p§éow1tg or dgfferent grom each other g -

R O N T e e U

I t adi I [ th Ls th
eycl opentad! Syl oSkl SN AN R GLBBDAR LIRS Bisroran Badl BT 1S 10"
and k is 8" | 1igdREs Zaséd in the et tﬁgr%%daﬁat kSkkegn! Eﬁt%ﬁé@té hip k

+1+m+n= , resent invention, e netall ocene
conpound (b) or gre£@dr eh®nsdiaFHiRserhed riY athend8isr Rl +f rpuhay 10
Llerr]Merr]Zerr]2 (3) wher ei n: M2 represents a
metal of G oup.lV or |anthanides series of the periodic table;

L[err] represents a derivative of delocalized [err]-bond group
In the present invention, the metallocene compound (b)

can be one represented by the general formula:
10 | LiM2z1, (3)
wherein:
M2 represents a metal of Group IV or lanthanides
series of the periodic table;
Ll represents a derivative of delocalized m-bond group
15 and imparts a constrained geometric configuration to active
sites of metal M2; and
Zls may be identical with or different from each other
and represents a hydrogen atom, a halogen atom or any of a
hydrocarbon group, a silyl group and a ger%iifgroup which
20 contain up to 20 carbon atoms, a silicon atom and a
germanium atom, respectively.
Of the above metallocene compounds (b) of the formula
(3), preferred use is made of the metallocene compound

represented by the general formula:

25



15 and inparts a constrained geonetric configuration to active sites
of net al E&ngz Z[err]s may be identical with or different from
each ot her gnd represents a hydrogen atom a hal ogen atomor any of a
hydr ocarbon group, a silyl group and a gernyl group which 20 contain up
to 20 carbon atons, a silicon atom and ger mani um at om -
respectively. O the above tal |l ocene conpounds (b) of the
formul a (3), preferred use js nade of the netall ocene conpound
represented by the general for h——2ut SF- 520

17 o L]/ [err] In the above
formula (4), Merr] represents’titani dm zirconiumor hafnium and
Z[err] is as defined above. Co — »3 Cp represents an unsubstituted or a
substituted 5 cycl opent adi enyl grou 1,a@ derivative thereof, which is
[err]- bonded in [err] bonding fornﬁ%& 2Merr]. (4 Vverr]
represents oxygen,_ sulfur, boron, an elenent3of G oup, 14 of the
periodic table or B dhsu éﬂﬁF‘H&aa #)of M repyeRARt | eh@pidim, 10

vierr] represents g Ilgan ontainin jtrogen, gfs- hor us, oxygen
or sul fur. erconlun‘ﬁFé n&HH VPE r? ey r ring, and Cp

and VWerr] may Cp reﬂggéi 0”%%93%%u s@gtuted or a substituted

5 cyclopentadienyl group or a derivative thereof, which is -

bonded in M° bonding form to M3.

wl represents oxygen, sulfur, boron, an element of
Group 14 of the periodic table or a group containing any of
these elements.
10 . V1 represents a ligand containing nitrogen, phos-
phorus, oxygen or sulfur.
Wl and V! may form a condensed ring, and Cp and W! may
form a condensed ring.
Preferred examples of groups represented by Cp of the
15 general formula (4) include a cyclopentadienyl group, an
indenyl group, a fluorenyl group and satur?ﬁéd dérivatives
thereof. These form rings in cooperation Qith metal atom
(M3) . Each carbon atom in the cyclopentadienyl group may
be substituted or unsubstituted with the same or a
20 different group selected from the group consisting of
hydrocarbyl groups, substituted-hydrocarbyl groups wherein
one or more hydrogen atoms is replaced by é halogen atom,
hydrocarbyl substituted metalloid groups wherein the
metalloid is selected from Group 14 of the Periodic Table

25 of the Elements, and the halogen groups. Two or a -



Preferred exanples of groups represented by Cp of the 15 general fornula
(4) include aggyej@pentadi enyl group, an I ndenyl group, a fluorenyl
group and saturated derivatives thereof. These formrings in
cooperation with netal atom (MB). Each carbon atomin the

cycl opent adi enyl group may be sugiﬁituted or unsubstituted with the-
sane or a 20 different group selecte romthe group consisting of

hyd byl . Substit d- . | . . Wh

v ogen at ot FERHERY 4tk P FAteanboif CoRBigEl S by Fofb e 1 uted
talloid ' laid i L 4. of

the Peri odic ers Fow i pratTelred ResRRaChErted Ch POl

SF- 520 38 . g Al i

substituents ?¥F€gﬁ%§?¥&i%ﬁ$%%%/c F#Fg of SUbFE%ggkgﬁ géé§%§%%?q%?%ferred

UnSUbStitUtedh%Hré&@ﬁ“éédﬁ‘%ﬁ the SpenREBY bngl O4P8uS2RALH Echtain 1

c
substituting at | east one hydr ogen atomin the cycl opent adi enyl group

each cont8in do 26 d@rkdh G aAidThcaldel N6hude biNBRanhedraNeyEd al Kyl
groups, cyclic hydrocarbon groups, al kyl substituted cyclic.

hydr ocar bon ggooyss, aryelhic hygtratesband gabkipk , sabiiylt stledtituted atwalid C
groups. Exanples of preferred organonetalloid - groups i nclude nono-,
di - and tri - shpdtecarniesh dfoupsr,garometikl girdupsoapd alkyhesebstiitsedf

G oup 14. Each of the hydrocarbyl groups contains 1 to 20 carbon

at ons. Tpematic wsQups es BRplese pfepref gunedeonyinrmetr blpid
I ncl ude trinethylsilyl, triethylsig¥l, eth¥ldineth | silyl,
net hyl di et hyl $FP4yPs InEibdeinasiary di-ypnd s5i-gabaGLenp®@nyl sil vl ,

triphenyk%ilyéfgéﬁééﬁ%ﬁ?%é%ﬁwggod%ggof the elements of Group 14. Each
of the hydrocarbyl groups contains 1 to 20 carbon atoms.
Specific examples of preferred organometalloid groups
include trimethylsilyl, triethylsilyl, ethyldimethylsilyl,
methyldiethylsilyl, phenyldimethylsilyl,
15 methyldiphenylsilyl, triphenylsilyl, triphenylgermyl and
trimethylgermyl.
le'of the general formula (4) each represent, for
example, a hydride, a halo, an alkyl, a silyl, a germyl, an
aryl, an amide, an arvloxy, an alkoxy, a pﬁéébhide, a
20 sulfide, an acyl, a pseudchalide such as a'CYanidé or an
azide, an acetylacetonate or a mixture thereof,_which may
be either identical with or different from each other.
Examples of the compounds represented by the general
formula (4) include:
25 (dimethyl (t-butylamido) (tetramethyl-n5-
cyclopentadienyl) silane)titanium dichloride; and ((t-
butylamido) (tetramethyl-n5-cyclopentadienyl)-1,2-

ethanediyl)titanium dichloride.



trimethyl gernmyl. Z[err]s of the general fornula (4) each
‘represent, fQfp_520 exanple, a hydride, a halo, an alkyl, a silyl, a

gernyl, an aryl, an am de, an aryl oxy, an al koxy, a phosphide, a 20
sul fide, an acyl, a pseudohalide such as a cyanide or an azi de, an
acetyl acetonate or a m xture thereof, ¥@ich may be either identical -

with or different fromeach other. Exanpl es of the conpounds
represented by the general . formul 4) include:. .25, '

(_d: et ;1%” Et-butyl il '(d rve?ﬁéf’zﬁl !“Egﬁ‘ifg’c%e CRRPBRIR: B er¥tS
silane)titaniu i.chl oride: an - o)

(tetranethylﬁfé lﬂﬁﬁﬁeb§§HP§8ggn%%????§?tg& %§2€%%H%%ﬁ?53%iﬁgﬁﬁﬁﬁﬁ (3)
dichloride. . : 3 : : 19

Anmong t he varﬁsofgpneeﬁlgliﬁﬁé%gfgglr;gguﬁ gm(E??_‘trﬁ%WOlét n%% al | ocene conmpound
represent ed {ﬁboz;krﬁaﬂ%%ri@n beeavhigy( 8hd the téaﬁgpgﬁéﬁéw Pigfgrded from

the vi ewpoin pol yneri zation activity and the transparency,

rigidity,5 hdaatrdSHtendecandNdmpaBacies 85t &ha8CEE GholT@éd elt dri emThEhe
above descri bed netall ocene conpounds (b) may be used ei t her

i ndi vi dual | y aifove mdribaid metallocene combanhdsf (bhemaptlsd lwpehe
conpounds (b) for use in the present invention may be diluted with a
hydr ocar bon ozither Gndistidgeidyedrhydr ccmbboatpenor to use. The
or ganoal um num oxy conpound (c) and ionizing ionic conpound (d) for
use in the formatiBachfol Khenmetaldoesne compeundsyd{b) (Eprvise o Eescri bed

bel ow.
present invention may be diluted with a hydrocarbon or a

10 halogenated hydrocarbon prior to use.

The organcaluminum oxy compound (c) and ionizing ionic
compound (d) for use in the formation of the metallocene
catalyst (a) will be described below.

The organcaluminum oxy compound (c) for use in the

15 present invention may' be conventional aluminooxané (c) or
benzene-insoluble organoaluminum .oxy compounds (c) set
foi:th by way of example in Japanese Patent Laid-open
Publication No. 2(1990)-78687.

The aluminooxane (c¢) 1is produced, fcr_"'é;{ample, by the

20 following methods and is generally recovered as a .solution
in a hydrocarbon solvent:

method (1) in which an organocaluminum compound such as
a trialkylaluminum is added to an aromatic hydrocarbon
solvent in which an adsorbed water containing compound or

25 crystal water containing salt such as magnesium chloride
hydrate, copper sulfate hydrate, aluminum sulfate hydrate,

nickel sulfate hydrate or cerium (I) chloride hydrate is



The organoal um num oxy conpound (c¢) for use in the 15 present invention

may be convenggoftal al um nooxane (c) or benzene-insol ubl e
or ganoal um num oxy conpounds (c) set forth by way of exanple in
Japanese Patent Lai d-open Publ i cati on No. 2(1990)-78687.

The al um nooxane (c) is produced, for. anple, by the 20 follow ng -
nmet hods and is generally recovered as g sol ution I n a hydrocarbon

20t al kyl ol RIS ed 5 A aPOt 6 RFUROCRr Dot oo VSV
whi ch an adsog bad vat ef t%gghggl%oﬁg@gg?agkonzgoigxﬁﬁfatmater contalnyng

salt such as nagne5|un1ch copper e hydrat e,

al um num sul fate hydrat®, (2) nngﬁﬁg%%v%%%&aR§1E¥§@a%ﬁt8£,C?Eéugi(ééeam)

chloride hydrate is
suspended andy{Lact B, a Y drh%rpw@aabauam&ﬁﬁaveaﬁﬁoaﬁdasuch as S®! ution 'n

the aromati c hydrocarbon sol vent; (2) 1n which water

(l'iquid wat ergrif£BglaBingidigm in a s@&b@ﬁk|!uaﬁt§SOBeﬁBeﬁégaﬂ@EﬁéméPU”1
conmpound such as a 5 trialkylalumnumin a solvent such as benzene,

t ol uene, etlgfhydtisdhesr dettrathyalrpdoehnr, aandantet beofaetduts i s
recovered as a solution in an aromati c hydrocarbon sol vent; and
met hod (3) i reddvwéred as gamuliution de suchrematid hydnecaybon nsakvere: or
di butyltin oxide reacts with an - organoal um num conmpound such as a
trial kylaluniaR@nin a hydr ocar bon sol vent such as decane, benzene or
t ol uene. Exanpl es of suitable ionizing ionic congounds (d)

' method (3) in which an organotin oxide suc

10 dimethyltin oxide or dibutyltin oxide reacts with an
organoaluminum compound such as a trialkylaluminum in a
hydrocarbon solvent such as decane, benzene or toluene.

Examples of suitable ionizing ionic compounds (d)
include Lewis acids, ionic compounds, borane compounds and

15 carborane compounds. These ionizing ionic compounds (d)
are described in Published Japanese Translation of PCT
Patent Applications from Other States, Nos. 1(1989)-501950
and 1(1989)-502036, Japanese Patent Laid-open Publication
Nos. 3(1991)-179005, 3(1991)-179006, 3(199f{1§o77o3 and

20 3(1991)-207704 and U.S. Patent No. 5,321,lb6}\ |

The Lewis acid used as ionizing ionic compound (d) is,
for example, any of compounds represented by the-formula"
BR3 (wherein Rs may be identical with or different from
each other and represent fluorine atoms or phenyl groups

25 unsubstituted or substituted with a fluorine atom, a methyl
group, a trifluoromethyl group or the like). Examples of
suitable Lewis acids include trifluorocboron, triphenyl-

boron, tris(4-fluorophenyl)boron, tris(3,5-difluoro-



I nclude Lewi s acids, ionic conpounds, borane conpounds and 15 carborane
‘conpounds. H¥es@g oni zi ng i oni ¢ conpounds (d) are described in
Publ i shed Japanese Transl ation of PCT Pat ent Applications from Q her
States, Nos. 1(1989)-501950 and 1(1989)-502036, Japanese Patent

Lai d- open Publication Nos. 3( 195};)'- 179005, 3(1991)-179006, -
3(1991)-207703 and 20 3(1991)-207704 and U.S. Patent No. 5,321, 106.

The Lewi s aci Loni.zis L@RJ gﬁﬂy' ' for exanpl e,
any of conpo (riilslf'ﬁ's1 E)"?’Zfs"?m Letgll%s‘lt Egh%gﬁu a Mhég}yéof%eafneqn Rs may be

i dentical w th.. e et-obhei 1) borofaCh other and represent fluorine
atons or phenylggfgﬁgg %% o%nsu sgi?ﬁ?ed or substituted with a fluorine

atom a nethyl Thdi¥Hlc &dnpondOGSBEL B¥! i8hPHPNGT ibhEc | ddfidourtX (@) es
of suitable Lew s acids include trifluoroboron, triphenyl- bor on,

tris(4-fluorcphendaitoicdhsilsting308- di EhtDbRic compound &Fathidh) and an

21 phenyl ) boron, tris(4-fluoronethyl phenyl)boron and

tris(pent@f| wariephienydorponad (anion) .  Theeanbomic coomoeurt] usssttas widdi zi ng
i oni ¢ conmpound (d) is a salt consisting of a cationic conpound
(cation) and thre al®vanimatiadlosepeunsdmpanndnib) The tineveldy cafripmime ridwct s
wth t he above netal | ocene congound (b) to thereby cationize the

met al | ocene deetipddireents) compounds (Por andnthes farp arolemapair, sq pHhat

ani oni ¢ conpound acts to stabilize transition,netal . cation species.
Exanpl es of <the O GERONELLAEtS18° BFgRhOBER oFr TR maerﬁag'ns,

or ganoar seni c ¢ ound ani ons and arga m num conpound. ani ons. O
thgse relaii%ﬁ§l I speéies. Examples og guggg£fe anfgnsrghéihde

10 organcboron compound anions, organoarsehic compound anioﬁs
and organoaluminum compound anions. Of these, relatively
bulky anions capable of stabilizing transition metal.cation
species are preferred. Examples of suitable cations
include metal cations, organométal cations, carbonium

15 cations, tritium cations, oxonium cations, sulfonium
cations, phosphonium cations and ammonium cations.
Specifically, suitable cations include triphenylcarbenium

cation, tributylammonium cation, N,N-dimethylammonium

Aaen
o fY o

cation and ferrocenium cation.
20 | Of the above compounds, ionic compouﬁéé qontéining a
boron compound are preferably used as the anionic coﬁpduhd,
which include, for example, trialkylsubstituted ammonium -
salts, N,N-dialkylanilinium salts, dialkylammonium salts
and triarvlphosphonium salts.
25 Examples of the above trialkyl-substituted ammonium

salts include triethylammonium tetra (phenyl)boride,

tripropylammonium tetra(phenyl)boride, tri(n-butyl)



bul ky ani ons capabl e of stabilizing transition nmetal cation speci es

‘are preferredg-Ezanpl es of suitable cations I ncl ude netal cations,
organonetal cations, carbonium 15 cations, tritiumcations, oxonium
cations, sulfonium cations, phosphonium cations and anmoni um cati ons.
Speci fi cal | y, suitable cations includeériphenylcarbenium cation, -
trlbutylannnnlunlcatlon N, N-dlnethylannnnlun1 cation and ferrocenlum
cation. Wﬁ@gﬁ, _a
bor on corrpour?ﬂmgre prg%g?g Het Eg ﬁ%e an| oni ¢ conpoun ,l%m@t\%ﬁqgh "

i nclude, for 2%3qRLerikkl al kyI subst i tuted anmoni um sal ts,

N, N-dlalkylanlllnlun1salts di al kyl ammoni um sal ts and

triaryl phosphoni ulxedifies o25the abovEXRIML&salkyldei BhoMen salts

trial kyl -substituted anmoni um salts include triethyl anmoni um

tetra(phenyl jibenude N,N- dlhéthymauihﬁﬂhﬁmumtﬁ (pHeherbortiatd .de,
tri(n-butyl) SF-5 22

annDnlLwn5etra(phem¢hth@sldé &hd abowet Ayhlkypbammoniwhregles include
tol yl ) bori de. Exanpl es of the above N, N-di al kyl aniliniumsalts

i ncl ude N, N- diirfet-pyopyill) Brsmornd twt ta(:paamqm}&)ﬁlm@eopherﬁfl)bori@(m es of
the above di al kyl ammoni um salts incl ude di (n-propyl)ammoni um
tetra(pentafﬁb@ﬂ@@ﬁ@ﬁywﬁbwmpﬂéuanHetra(P%ﬁ%x%l anmoni um
AL AT R R e P
i &zfazty'hsrsa%ﬁ:%nyﬂph%ﬁgﬁgggﬁ@ﬁ%ﬁf%@sﬁ%?szw:%%f&d@r‘ﬂmethylphenyl>
10 phosphonium tetra(phenyl)boride and tri(dimethylphenyl)
phosphonium tetra(phenyl)boride.
Moreover, triphenylcarbenium
tetrakis (pentafluorophenyl)borate, N,N-dimethylanilinium
tetrakis(pentafiuorophenyl) borate, ferrocenium
15 tetra(pentafluorophenyl) borate and the like can be
mentioned.as the above ionic compounds.
Examples of the borane_compounds used as ionizing
ionic compound (d) include: |
decaborane (14); e
20 anion salts such as bis(tri(h—butyl)éﬁ%bqiumi
nonaborate and bis(tri(n-butyl)ammonium) decaborate; and"
metal borane anion salts such as tri(n-butyl)ammonium
bis (dodecahydridedodecaborate) cobalt acid salt (III) and
bis(tri (n-butyl)ammonium) bis(dodecahydridedodecaborate)
25 nickel acid salt (III).

Examples of the carborane compounds used as ionizing

ionic compound (d) include:



Mor eover, triphenyl carbeni um tetraki s(pentafl uorophenyl ) bor at e,

N, N- di met hyl agg¢ldag um tetraki s(pentafl uorophenyl) borate, ferrocenium
15 tetra(pentafluorophenyl) borate and the |i ke can be menti oned as

t he above ionic conmpounds. Exanples of the borane conpounds used
as ionizing I oni ¢ conmpound (d) in%3ﬁ decaborane (14); -
20 anion salts such as bis(tri( utyl)annnnlun) nonabor at e and

b t but vyl ecatorate bor ni on
onlt & suen as i) CREERE s f SR 4-¢ar§e&8&3€gﬁ§aﬁ e ek A
cobalt acid s S n but yl ) anmoni u

bi s(dodec:ihyd&idaeag%%ca%gékéfnﬁ (I%g A ( aci é )sal t (Il r;

Exanpl es of the C%@@Afn&w%lw%a%g QUH BY tri(nloOnic_conpound

(d) include: SF- 520 23
ani on salts SH&QyPﬁmﬁmﬁﬁﬁB@Qﬂﬂﬁﬁﬁﬁﬁﬂﬁwﬁﬁﬁb—én@ &13arbanon§b8§é@@ﬁ0nab0rane
(13); and car borane ani on salts such as tri(

butyl' ) anmgni ugolea Bt f‘élfh?d‘YsﬁHltde(IJIIS dmaatmaﬁnw@yabeﬁmonﬁumwbalt acid salt
(rr1) and tri(n-butyl)anmoni um

bi s( undecahy dvi sl euridEcahydr ideHdcdianabalindeeabatatdefaiton acidlsdlt

The above ionizing ionic conpounds (d) may be used in conbi nati on.

10 The (BIBl |l ocene catalyst (a) for use in the present

The above ionizing ionic compounds (d) may be used in
combination.

10 The metallocene catalyst (a) for use in the present
invention may contain the following organoaluminum compound
(e) in addition to the above components, according to
necessity.

The organcaluminum compound (e) employed according to

15 necessity is, for example, the organoaluminum compound
representéd by the general formula:
(R)nAlX3.n  (5).

In the formula (5), R® represents a hydrocarbon group

héving 1 to 15, preferably, 1 to 4 carbon ;%Bﬁs; X
20 represents a halogen atom or a hydrogen atbm;uand.n is 1 to
3.

Examples of suitable hydrocarbon groups each having 1
to 15 carbon atoms include alkyi groups, cycloalkyl groups
and aryl groups. Specifically, use is made of, for

25 example, a methyl, an ethyl, an n-propyl, an isopropyl or
an isobutyl group.

Examples of suitable organcaluminum compounds include:



I nvention may contain the follow ng organoal um num conpound
‘addition to t{pegggove conponents, according to necess
The or ganoal um num conpound (e) enployed according to 15

(e) in
ity.
necessity is,

for exanple, the organoal um num conpound represented by the general
f or mul a: [err In the formula (5), R6-
represents a hydrocarbon group having 1 to 15, preferably, 1 to 4

carbon atons; X (%iarl?c@ré)% ﬁg\tﬁggﬁgpg‘hgﬂe a{g%%?%?%%ﬁﬁgﬁp atonm and n is

lto 3. SU|ta%Ie

1 to 15 car |.ncl . Q#BEE cl.oal | groups an
aryl groups. 65%%&F%gﬁﬁ§?h@éeeggl%%§%¢%#¢ orru§§ t%?éﬁ%{e, a nethyl, an

ethyl, an n- E,fu%&g]giluﬁﬁn{ﬁ\(?pE?Ei&oBﬁtylalmﬁ‘ihlhﬁ%Vdrig-rélébo-

on groups each having

d

Exanpl es of Sul e or ganoal um numconpounds i ncl ude: SF-520

24 HuthAlaK @by, nums such as trinethyl al um num

triethylalumnum triisopropylalumnum tri-n- but yl al um num
triisobutylal um nynkeellalumigems suchbasylabprénylaluinum,

al kenyl al um nuns such as i soprenyl al um num represented by the general
f or mul a: represented by the genefalrformula: wherein x, y and z are

positive nunbers, and z and x . satisfy the relationship
di al kyl al umi num hal i des such as di:nBuHyl A lufiCstino) z

z [err] 2x;

wherein x, y and z are positive numbers, and z and x

satisfy the relatiénship z 2 2x;

10 dialkylaluminum halides such as dimethylaluminum

chloride and diisobutylaluminum chloride;

dialkylaluminum hydrides such as diisobutylaluminum

hydride;

dialkylaluminum alkoxides such as dimethylaluminum

15 methoxide; and

dialkylaluminum aryloxides such as diethylaluminum

phenoxide.

The copolymerization of ethylene and the aromatic

vinyl compound optionally together with thé Giolefin having

ten

20 3 to 20 carbon atoms may be conducted by either
process or the continuous process. When the

copolymerization is conducted by the continuous

the batch

process,

the metallocene catalyst (a) is used in the following

concentration.

25 That is, the concentration of metallocene compound (b)

in the polymerization system generally ranges from 0.00005

to 1.0 mmol/lit., preferably, 0.0001 to 0.5 mmol/lit.

(polymerization volume).

10



chloride and diisobutylal um num chl-ori de; di al kyl al urri num

hydri des suchsmssatj i sobut yl al umi num hydri de;

di al kyl al um num al koxi des such as di net hyl al umi num 15 nethoxi de; and

di al kyl al um num aryl oxi des such as di et hyl al um num phenoxi de.

The copol yneri zation of ethylene and t aromatic vi nyl conpound -

optionally together with the [err]-ol efin havi ng 20 3 to 20 carbon at ons

b duct ed e ntjn
gwragcegsco\r;%gﬁ ?he%glé’%o#yrrer ?I%Jg‘{]i N S CORI uct géi %Q %‘g Eé%n !nuous )
process, é]ﬁl@%@'d ACeRe 1@3%'0y5%>r(e§2=,r551 sed 3 hﬁg@ aJr AL of

concentration. That i's, he concent at Ion O ocene

conpound (b) the raﬁlrbtdieaq%wm&d a%mgntayﬁksﬁs%%ﬁ%éuaiames from
0. 00005 to 1.0 mol /lit., preferably, 0.0001 to 0.5 mmol/Ilit.

(p0|ynErlzaIIm5tamldﬂﬁﬁe compound (b)SEAQQQran51tlon metal) in the

The organoal um num oxy conpound (c) is fed in an anount
of 01t0510;61ﬂryme;mm‘aana:lﬁysys3:ehoSOOO|nterns of the ratio of
al umi num atons to transition netal in nmet al | ocene conpound (b)
(Al/transition net®e ionidieg Hndd yemporad dd)syst€ed in an amounfhef
I oni zing ionic conmpound (d) is fed in-an anpunt of 0.1 to 20,
preferably, 10+t td 3t muefergblihe lnbpallr ani bexrms of othe dmkamgfa@m C

conpound (d) to netal| ocene ,conpound g
of ionizing ionic compound (d) to metallocene compound (b)

in the polymerization system (ionizing ionic compound

10 (d)/metallocene compound (b)).

When the organcaluminum compound (e) is used, it is
generally fed in an amount of about 0 to 5 mmol/lit.,
preferably, about 0 to 2 mmol/lit. (polymerization wvolume).

The copolymerization reaction for producing the o-

15 olefin/aromatic vinyl compound random copolymer is
generally cqnducted at a temperature of -30'to 250°C,
preferably, 0 to 200°C under a pressure of 0 to 80 kg/cm2,
preferably, 0 to 50 kg/cm? (gauge pressure) .

Although depending on the catalyst cqn?entratlon,

20 jpolymerlzatlon temperature and other condltlons, the
reaction time (average residence time when the
copolymerization is carried out by the continuous process)
generally ranges from 5 min to 3 hr, preferably, from 10
min to 1.5 hr.

25 In the production of the *~olefin/aromatic vinyl

compound random copolymer, ethylene and the aromatic vinyl

compound optionally together with the o~olefin having 3 to

20 carbon atoms are fed to the polymerization system in



In the polynerization system (ionizing ionic conpound 10 (d)/ netal | ocene
conpound (b))gp- When t he organoal um num conpound (e) is used, it

i's generafﬁy fed in an amount of about 0 to 5 mml/lit.,

preferably, about 0 to 2 rmmol/lit. (polynerization volune). The

copol yneri zati on reaction for producing the a- 15 olefin/aromatic vinyl -

conpound random copol yner is gen pally conducted at a tenperature of

-30 to 25 C, bI 0 to 200[ d f
0to B0 kgl orft Amounts raa&fgﬁ% Y{ﬂsrgmﬁ Eﬁf]%a““ R sure) .
Al th h d di th t t t
ferper at ur o SHEBTHET Boh e B B RORSE BlRer 20 wﬁ@e%%@r#évz%ig

d t ﬁ@ﬁy t by th
Lgﬁilﬁﬂgﬁs Lro ég“%uCh'energgﬁ; rangég ehéléﬁéalo 3€ﬁé %refgrably,

from 10 f%éggy - In the producti on of the
a- olefln/aronatlc vin conpound random copol yner, ethylene and the

aromatic ginyl wn&@r@&wmier@taﬂaﬂ%ﬂeva&%ﬁm@r it &Bﬁ;[;auﬁaefi n having 3

to 20 carbon atons are fed to the polynerization systemin
SF-520 . optionally together with th26o-olefiaubhbvangudt sot2@tcaticon
copolyner with the above specified conposi tions can be obtai ned.
Further, a nmaAtong @rewwiqpalymerizedednl &her above menhpdr ogbe Gamléefin/
enpl oyed in the copol yneri zati on. 5 Wien et hyl ene and the
aromati c vi ndrawiisuninyl cogpoupdairepdengephelymerhis hebaihedias lmving 3
to 20 carbon atons are copol ynerized in the above nmanner, the
a-ol efin/ polymer solution containing the same. The polymer solution
10 is processed according to the customary procedure. Thus,.
there is obtained the O~olefin/aromatic vinyl compound
random copolyvmer.
A graft copolymerization of a monoolefindicarboxylic
acid or an anhydride thereof may be conducted on the above
15 o~olefin/aromatic vinyl compound random copolymer (C).
Examples of suitable monoolefindicarboxylic acids and
anhydrides thereof include dicarboxylic acids such as
maleic acid, fumaric acid, itaconic acid, crotonic acid,
isocrotonic acid, citraconic acid, acrylsuééiﬁic acid,
20 mesaconic acid, glutaconic acid, Nadic acid (endocis-
bicyclo(2.2.1)hept-2-ene-5, 6-dicarboxylic acid), methyi )
Nadic acid, tetrahydrophthalic acid and methylhexahydro- -
phthalic acid; and anhydrides such as allylsuccinic
anhydride, glutaconic anhydride, Nadic anhydride and
25 tetrahydrophthalic anhydride. At least one of these may be

contained in the form of graft units in the graft-modified

o—-olefin/aromatic compound random copolymer.



aromatic vinyl conpound random copol ymer is obtained as a pol ymer
‘sol ution cont_:;?i_gbﬁg the sane. The polyner solution 10 1is processed
h

according to e customary procedure. Thus, there is obtained the
a-ol efin/aromatic vinyl conpound random copol ymer. A graft
copol yneri zati on of a nonool efi ndi car ylic acid or an anhydride -

Fandom candl yer (). - Examl ga. of  zai 36L& TDR0R) efl Nl G L
ST o it gy
:g: g cN;Ejlrgca)ﬁ'l & z?cfng,nzlggﬁflf'sucm inl?:’%gm%, JCZ)CE) neafrgg%)nlelfgleac}:l_hf gl ut ac;)inicc
acid), met hyl%%h%e( %%ggll Ig'g{mt , 29%%%%%%%& %%?%%%%’an%ﬁe@h?ﬂ%g%ydr 0-

phthalic aci ¢he4 FAEhdeg:i aiphiAe Bhdy! S Ut M&lt adheriRydr! d
gl utaconi c aﬂ’ﬁfg?&de, Nagi [ aﬁh%rilde and - 25 tetrahya}:lropht haI:"l!mc%ﬁ,ove

anhydrideg A |2330haRg phel/BASEoABINAEhaving Cafial Atk ivbrikdifidsy of
graft units in the graft-nodified [err]-ol efin/aromatic conpound
random copol yrer be obtained $Fof20he graftmodified o~olefin/aromatic7

It is preferred that the degree of graft nodification by the
nmonool ef i ndi camydx pompoandd rendemhgdpoltigmener edérein, tlhengrdftom 0.1 to 20%
by wei ght, especially, 0.5 to 10% by wei ght fromthe viewpoint that a
hot - mel t adhewidid iicatrione degBepnmeans nghe grapv 29 o | R h CIMAAMETEZES | ent
wor kabi lity can be obtained fromthe graftnodified
[err]-ol ef i nmanemen &° backbone polymer on which a graft
10 copolymerization is carried out. For example, when 1 g of
monomer is graft copolymerized on 100 g of the backbone
polymer, the graft modification degree isil% by weight.
Thé graft modification of the o-olefin/aromatic vinyl
compound random copolymer can be conducted by the customary
15 method (for example, the method described in Japanese
Patent Publication No. 52(1977)-22988). For example, the
graft modification can be carried out by the method
comprising heating the o~olefin/aromatic vinyl compound
random copolymer at temperature higher thaﬁi%he softening
20 point to thereby melt the same and slowly arbppiné thereto
the monoolefindicarboxylic acid or anhydride thereof aﬁdda
peroxide simultaneéusly under agitation to thereby carry?‘
out a graft copolymerization.
Low-molecular-weight polyolefin (D)
25 Examples of suitable low-molecular-weight polyolefins

(D) added according to necessity in the present invention

include:



vi nyl conpound random copol ynmer. Herein, the graft nmodi fication degree

means the ratg@ wjggraft copol ynerized nononmer to backbone pol yner on
which a graft 10 copolynerization is carried out. For exanple, when 1 g
of nononer is graft copolynerized on 100 g of the backbone

pol ynmer, the graft nodification degreesigs 1% by wei ght. The -
graft nodification of the a-olefin/aro I c vinyl conpound random

copol yner can be conducted by the customary 15  method, (for exanple, the
met hod described i fllaparrielelin Bavdng pipintFirsicngissogisy7iNbooBsy .

For exanple, th graft, mogification can be carried out hy th t hod
conpri si ng heé\t &hgt? h%‘{éilr’]g NSt A5 Mﬂ'@&?ﬁﬁ?ﬁrw 8ﬁﬁd°¥ a‘°$§ﬁ§%ﬁ1
copol ymer at tenperature higher than the softeninﬁ 20 goint to t hereby
melt the sameBdWRE| WY T GAFRNAT AFOMS: 8F & CoPPR¥MApnB8HI i HeRshr Byl i c
acid or anhydrjde t ereqi and a per oxi de si mul t aneously under
agitation to PREFedL: @pdy out a graft copol yrmerizati on.

Low nol ecyl ar - wei ght . pol yol ef i )y 1. 2D Exanpl.es_of suitable
IOMFnDIecﬁlar-meigﬁfl o?y%ﬁ%ﬁ?%kéé)llneﬁﬁufréﬁﬁg&r gggrgFﬁﬁcﬁSdnecessity in
the present |ipyeRbEHbon whoddGldtd8nsic viscosityr1§¥0ranges from 0,01

28 1) a polyolefin having an intrinsic viscosity ([err]) of
0.01to 0.6 dEAQOW@i&fV§§ a honopol yner of one of a-olefins havi ng 2
to 12 carbon atons or a copol yner of at |east two t hereof ; and 5

(i) a saturated |ypeRrréépsat WAtHt HAVNIREin (i)hydikamplbgnoghose
intrinsic viscosity ([err]g ranges from 0. 01
suitable o—olefins having 2 to 12 carbon atoms include

fO ethylene, propylene, l-butene, l-pentene, 2-methyl-1-
butene, 3-methyl-l-butene, l-hexene, 3-methyl-l-pentene, 4-
methyl-l-pentene, 3,3-dimethyl-l-butene, l-heptene, methyl-
l-hexene, dimethyl-l-pentene, trimethyl-l-butene, ethyl-1l-
pentene, l-octene, dimethyl-l-hexene, trimethyl-l-pentene,

15 ethyl-l-hexene, methylethyl-l-pentene, diethyl-l-butene,
propyl-l-pentene, l-decene, methyl-l-nonene, dimethyl-1-
octene, trimethyl-l-heptene, ethyl-l-octene, methylethyl-1-
heptene, diethyl-l-hexene and l-dodecene.

The polyolefin (i) can be produced byt&g;ious

20 ' conventional methods. Examples thereof in;lﬁde the method
employing a high pressure radicél polymerization or a io&
or medium pressure polymerization conducted in the preseﬁbe
of various transition metal.compound catalysts such as
Ziegler catalyét and the thermal decomposition method in

25 which, after the formation of a high-molecular-weight
homopolymer or copolymer by the above polymerization

method, the molecular weight of the high-molecular-weight



to 0.6 dl/g. Wth respect to the polyolefin (i), exanples of
‘suitable a-ol L'aﬁ having 2 to 12 carbon atons include 10 ethylene,
propyl ene, 1-bufé€ne, 1-pentene, 2-nethyl-1- but ene, 3-nethyl -1-but ene,
1- hexene, 3-nethyl-1-pentene, 4- met hyl - 1- pent ene,

3, 3-di net hyl - 1- but ene, 1- heptene, netgib- 1- hexene, -
di net hyl - 1- pent ene, trinethyl -1-butene Yet hyl - 1- pent ene, 1-octene,

di met hyl - 1- hexene, _trinmethyl-1-pentene, 15 e | - 1- hexene

met hyl et hyl - BOFORCINBETPE: FPPO YBﬁ?eh%,reghceég%6ﬁéF?fﬁﬁﬁﬂf e, 1-decene,
met hyl - 1- nonene I et hyl - 1. . octene, trinethyl-1s:heptene .

et hyl - 1- oct e%dr P8t fefhpique or %\ﬁ%t%ﬁé%c%fﬁ%gﬁqq%‘%@( nq:eecglr?d' que

1- dodecene. . Th ol yolefin (i) can be produced by, Various 20
conyentional1ﬁ§fﬁ%8sperg§gggres_thereof i nclude ‘the method enpl oyi ng
a high pressure radibil JOIOFTR£8b1AN08r8chPibns (11 P! i ABHIAN PIRaRLT €
pol ymeri zation conducted 1n the presenc of various transition netal
conmpound gat Wamsage.g. , DELEBESH wakahyEtsassh sy hataml

deconposi tion nethod in 5 “which, after the formation of a

“hi gh-nol ecul YrasRindd hydrochewBas! YEBY . PImEOPORARE! bihdde Wi are

pol yneri zati on nmet hod, the nol ecul ar wei ght of the
hi gh- nol ecul gubMbicdt known and cShmé26ially available. 29
honopol ymer or copolynmer is reduced by the thernmal degradati on

t echni que or the rEult exdanmgdgr, adasodnwasctangbe producsedngy ather oxi de.
Exanpl es of suitable hydrocarbons (ii) include linear .5 hydrocarbons
(e.g., paraffiollgadingngresess-wax) and

10 For example, coal is gasified by the use of steam and
oxygen to thereby obtain a synthetic gas composed mainly of
carbon monoxide and hydrogen. This synthetic gaé is passed
through a fixed bed catalyst reéctor in accordance with the -
process known as "ARGE process". Out of the thus obtained

15 reaction product, the fraction heavier than diesel engine
oil is separated into the first fraction (components of Cjig
to C23), the second fraction (components of Czz to Ci3g) and
the third fraction (components of C33 and higher) by vacuum
distillation. The third fraction is hydroéé;éted and all

2(} unsaturated hydrocarbons and oxygen compouhdsaare removed.
Thus, Sasol wax is obtained.

Hot-melt adhesive composition
The first hot-melt adhesive composition of the present
invention comprises the above tackifier (B) and o~

25 olefin/aromatic vinyl compound random copolymer (C).
Specifically, the first hot-melt adhesive composition
comprises:

100 parts by weight of the tackifier (B), and



branched hydrocarbons (e.g., mcrowax). These waxes are publicly known
and conmer ci adgysmyvai |l abl e. For exanple, Sasol wax can be
produced by the foll owi ng process. 10 For exanple, coal is
gasified by the use of steamand - oxygen to thereby obtain a synthetic
gas conposed mai nly of car bon nnngbiQe and hydrogen. This synthetic -
gas i s passed through a fixed bed Catal yst reactor in accordance with

t he process known §5@'€é§ﬁ§h§%€%%3 "téﬁE%eggr ﬁxthﬂst8b%§62§$r$%5 )

reacti on product, The fract ier I €Sel " engi ne

separ at ed i nty i dnd JE fﬂ@@—@le(f@.&?ﬁ@&ﬁi&i:&cofriﬁ}&r Ebmpound!t Pakd&nr]) .
the second fraction (conponents of CJerr] to (Jerr]) and the third

fraction (commggqﬁﬁéfﬁ err] and higher) by vacuum ~distillation. The
third fraction’s ydro%gLated and all 20 wunsaturated hydrocarbons and

oxygen conpounds arige r S&@dedl hot-melthu@hesavel colsokst@Bhabiethe
Hot - mel t adhesi ve conposition The first hot-nelt adhesive

conposi ti bn afrédentpriasaniition comprieeki thecabpiesbaséhpolanye tmckifier
(B) and a- 25 olefin/aromatic vinyl conpound random copol yner (g%ég
Speci fi cal | y, tagieifient (Botanek|0-ol@fés/ aromapesVinyh compourdmprinden :

100 parts by weight of the tackifier (B), and SF- 520

30 cdpe iy (Ar+ s Specidiighl Lypr ther aptgndihob-mebt padhesive by
wei ght of the [err]-olefin/aromatic vinyl conmpound random copol yner
(0. COMPIEL ISy IRPIRALSESI't adhesi ve conposition of the :

100 parts by weight of the base polymer (A),
10 1 to 900 parts by weight, preferably,
1 to 700 parts by weight of the tackifier (B), and
1l to 1,000 parts by weight, preferably, 1 to 800 parts
by weight of the o~olefin/aromatic vinyl compound random
copolymer (C).
15 That is, the second hot-melt adhesive composition
contains more than 0 to 10,000 parts by weight, preferably,
15 to 10,000 parts by weight of the base polymer (A) and
0.1 to 100,000 parts by weight, preferably, 0.1 to 80,000

parts by weight of the o~olefin/aromatic vinyl compound
20 random copolymer (C) per 100 parts by weighthf tﬁe
tackifier (B).
The third hot-melt adhesive composition of the presént
invention comprises the above base polymer (A), tackifier
(B) and arolefin/aromatic vinyl compound random copolymer.
25 (C). sSpecifically, the third hot-melt adhesive composition

comprises:

100 parts by weight of the base polymer (A),



5 present invention conprises the above base polyner (A, tackifier

(B) and a- OI%%L%éeronatlc vi nyl conpound random copol ymer (C).

Speci fical ly, € second hot-nelt adhesive conposition conpri ses:

100 parts by weight of the base polynmer (A, 10 1 to 900 parts by

wei ght, preferably, l1to7 1parts by wei ght of the tackifier -
(B), and 1 to 1,000 parts g@ wei ght, preferably, 1 to 800 parts

(5" 85 "R e 0B prBeoi weiohE) (PERREEHREY £ aRbad Ao, Berte YT
10, 000 par ¢ s 2B RSB S5 Ao BaELEBST s FET gaédaﬁ{ﬁerab' 51 to 100,000
parts by wei ht ref.er I

a- oleflﬁlaro%atlcﬂ§fﬁ§ %@b a%ﬁ% Bgoéglgﬁg n?%%%% f W%%?“%%g;parts by

wei ght of thQ?'welghka%E'Eh%ra#Blefln/aromatlcTﬁﬂnyhlééhﬁ&ﬁndﬂﬁéndﬁﬁmSlVe
conposition of the present I nvention conprises the above base pol yner

(A, taCKSflfabpol er(gb yand a-ol efin/aromatic vinyl conpound random
copol ymer 8m pecifically, the third hot-melt adhesive conposition

conpri ses: Low—mﬂléd@%driwbighﬂlgb&yﬁlefhﬁ bpp ecan | el drided
31 10 to 300 parts by weight, preferably, 50 to 200 parts by wei ght
of the tacki firtfo (HBe fdrdt hot-melt adhesive composition of the present
invention in an amount of 1 to 100 parts by weight,
preferably, 10 to 80 parts by weight per 100 parts by
10 weight of the tackifier (B). |

Low-molecular-weight polyolefin (D) can be blended
into the second hot-melt adhesive composition of the
present invention in an amount of 1 to 100 parts by weight,
preferably, 10 to 80 parts by weight per 100 parts by

15 weight of the base polymer (A).

That is, low molecular weight polyolefin (D) can be
blended into a second hot-melt adhesive composition of the
present invention in an amount of 0.1 to 100 parts by
wiehgt, preferably 1 to 80 parts by weightféé% 100 parts by

20 weight of the tackifier (B). ' -

Low-molecular-weight polyolefin (D) can be blended ~
into the third hot-melt adhesive composition of the present
invention in an amount of 1 to 100 parts by weight,
preferably, 10 to 80 parts by weight per 100 parts by

25 weight of the base polymer (A). In any of the first,
.second and third hot-melt adhesive compositions, the

blending of low-molecular-weight polyolefin (D) lowers the

melt viscosity of the hot-melt adhesive composition to

This Sheet Has Been Replaced

THIS SHEET HAS BEEN
REPLACED
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10 to 400 parts by wei ght, preferably, 30 to 300 parts by weight of the
"[err]-olefiné tic vinyl conmpound random copolyner (C).

Low nol ecul af- weT ght pol yolefin (D) can be blended into the first hot-nelt
adhesi ve conposition of the present invention in an amount of 1 to 100
parts by weight, preferably, 10 to 8aéﬁgrts by wei ght per 100 parts by -
wei ght of the tackifier (B). | ecul ar - wei ght polyolefin (D) can

be bl ended into the second. hot-nelt adhesive conpoi in of present
invention in %ﬂrﬂﬁﬁuﬁﬁakﬁej_%?Fhﬂ?)ﬁﬁ%ﬁﬂ?lﬁﬁ WBRgHPT a%g fEY a8 y, hgp o 80

parts by wei 1 arts by weight of e base

Low nol ecul a °Eé$§%? ?é% |9$&qﬂsﬁéi?nbe W&@Hd&g }E %gﬁ§c§£%¥d hot - nel t
adhesi ve co 03| ent_ .i,nv tlon in_an ) unt 100
parts by wer BREoht efeetdfil’ B ks ISR RS Rl BreTREredohng: fadhy
wei ght of - thﬁn{?ﬁﬁsi)ewg@éoéﬁy { w&{e fd:%lféf&%t/aroﬁnse@edv@ﬁgilthl rd
hot - mel t adhesive conpositions, t bl endi ng of | ow nol ecul ar -wei ght

pol yol ef ign (Démﬁemasraﬁ&m r@azgolwsaet yrhtlhe thah- ekt dweeﬁwenot

conposition to

t her eby enabbgeggéfhgﬁaﬁnhyngl the workability of the hot - nelt
adhesi ve conposition. \Wen the |ow ol ecul ar- wei ght pol yolefin (D) is
bl ended, it is preheadeicibmttd Mthe abovebases ipdlyimeeodaly ([err]) of the
a- olefln/aronatlc vi nyl 5 conpound random copol ymer be greater than 0.6

dl /g but nottackifier(B), o—olefin/aromatic vinyl compound random
copolymer (C) and low-molecular-weight polyolefin (D),

10 according to necessity, various additives such as a
softener, a stabilizer, ‘a filler and an antioxidant can be
blended into the hot-melt adhesive composition of the
present invention in amounts not detrimental to the object
of the present invention.

15 The second and third hot-melt adhesive compositions of
the present invention can be produced by the common
process. For example, the above base polymer (A4),
tackifier (B) and o~olefin/aromatic vinyl compound random
copolymer (C) optionally together with the.igwlmolgcular—

20 weight polyolefin (D) and various additiveé are fed into a
blender such as Brabender Plastograph in given proportiéné,
heated and melt kneaded, and shaped into desired
configuration, e.g., granules, flakes or rods. The first
hot-melt adhesive composition of the present invention can

25 also be produced by the same process using the tackifier

(B) and a-olefin/aromatic vinyl compound random copolymer

(C).



greater than 10 dl/g. In addition to the above base polynmer (A,

'tacklfler(Eﬂ,Sfrggdefln/aronatlc vi nyl conpound random copol yner (C
and | ow nol ecul ar-wei ght polyolefin (D), 10 according to necessity,
various additives such as a softener, a stabilizer, a filler and an
anti oxi dant can be bl ended into t%g hot mel t adhe5|ve conposition of -
t he pr esent invention I n anDunts t detrimental to the object of
the present inventjon. second and.thir nelt adhesive
conposi tions of ine IFHénﬁﬂéégﬁpeﬁﬁygnfogﬁ°§é B8 8? gﬁ%é%rﬁﬁe? e conmon

a-olefin/aro mpound ran tTon

t oget her W“l:qsftg: 'B?:Jo%(é‘&u@%l ené@oye Earff %Pae@ndsly 'éys

additives are er su stogra

gi ven propor tdghs,, krafé"‘iﬁ&fe‘i" a%@.uﬁ&hﬁmk%iﬂegr éﬂﬂefrkﬁ@é‘éil EiSuN de5| red

process. For ﬁé{\?%dﬁl ll@e h%%.%\é%. bﬁé?g@&' Xﬂgraﬁé‘iieﬁiy acct%gﬂoé'te ( and

configuration, e.d., granules, flakes or rods. The first hot - nel t
adhesi ve sonmyésﬁbxoffﬂlﬁﬁqw@we& rBYeAt MBNdEAH ta85thék&iey bEow egduiced by
t he sane process using the tackifier (B) and [err]-olefin/aromatic
vinyl conpourgihesidanleomy wieithe matetfal prior to usé: 520

33 The hot-nelt adhesive conposition of the present

i nvention i s heat ethe riedt-emeldncidneslived coamposiding b6 the presenttust omary
procedure, onto a naterial to be coated, such as cloth, kraft paper,

al um num f oi | irsrergyipay am:dnltfmuepccellsntp@d;legme Propevkies texen adien

nol ding to thereby form an
it is used in bonding a styrene polymer with a polyolefin.

10
EFFECT OF THE T ON
The hot-melt adhesive composition of the present
invention exhibits excellent workability and high adhesive
strength.
15 EXAMPLE

The present invention will now be further illustrated
with reference to the following Examples, which in no way
limit the scope of the invention.

Production Example 1 T
20 Production of ethvlene/styrene random copolimer

A 1 lit. glass reactor equipped with a condenser ana
an agitator was satisfactorily purged with nitrogen,
charged with 494 ml of toluene and 6 ml of styrene and
saturated with ethylene under agitation. Subsequently, the

25 system interior was heated to 35°C, and 4.5 mmol of
methylaluminooxang (produced by Tosoh Akzo, 10% by weight
toluene solution) and.0.045 mmol of (t-butyl-amido)dimethyl

(tetramethyl-n>-cyclopentadienyl)silane-titanium dichloride



adhesi ve layer on the material prior to use. The hot-nel t

adhesi ve comggsiddpn of the present I nvention exhibits excellent
adhesi ve properties even when it is used in bonding a styrene pol ymner
with a polyolefin. 10 EFFECT OF THE | NVENTI ON

The hot-nelt adhesive conposition of tgﬁ present invention exhibits-
excel | ent mnrkability and hi gh adhesiv strength.

\I/E\nxfﬁplr_ Ef erenct 1% t“ﬁréejfg:l g’ﬁeﬁr‘]’%’gl %‘%lﬁg@ wﬁﬁe ﬁagﬁg EL ujglllglerﬁ]'}‘E“L#Jmt he
scope of ther}%néﬁﬁg tion a@%ﬁ@dc@:@d%@nﬂg g Fog%o min whii@duction of

et hyl ene/ sty n1copo gl ass reactor

equi pped W t nrb&x&‘}{uiﬁﬁﬁ;f fa%ﬁmg erh3cAYl bal ar-4Bs 881106 AP ] puplUr ged

with nitroge toluene and 6 nml of styrene and
saturated w tAedAWiR & didit idgl bF kaa. p&ﬂ?ﬁéﬁﬂ@&ti&n, theg @b osystem
Interior was heated to 35[err]C, and 4 nmet hyl al um nooxane
(producedsby {lassicyAK z0LcoliPd tamd/\ﬂloghltl of aqh@bugnﬁydﬁbdﬁl@ﬂic ageid. 045
mol of (t-butyl-am do)di et hyl

(tetranet hyl -yerre |added ope ks indyturs lade hicattad am 808t Hotr A0 min

SF- 520 34 (0.01 mol tol uene
sol uti on) werendeideabitattive .ni Aher ebtAined repokjomrinistuve ewstazimthet ed
at 40[err]C for 60 mn while continuously feeding ethylene at a rate

of 100 N it./igobutyl alcohol was transferred to a separating funnel,
washed with 250 ml of water twice and separated into an oil
10 phase and a water phase. The oil phase was poured into 3
lit. of methanol to thereby precipitate a polymer. The
precipitated and separated polymer was dried in vacuum at
130°C for 12 hr, thereby obtaining an ethylene/styrene
random copolymer (hereinafter referred to as "ESC-1"). The
15 molar ratio of ESC-1 constituting ethylene units to styrene
units (ethylene units/styrene units) was 97/3, and the ESC-
1 exhibited an intrinsic viscosity (n) of 1.6 dl/g as
measured in decalin at 135°C.
Production Ex le 2 _
20 Production of ethylene/stvrene random 'copolm. er
20 g of ESC-1 obtained in Production Example 1 was
"placed in a 50 ml pyrex tube and the interior thereof was-
satisfactorily purged with nitrogen. The pyrex tube was
mounted on an aluminum block heater heated at 380°C and the
25 heating was continued in a nitrogen atmosphere for a period
of 60 min started 5 min after the mounting of the pyrex

tube. Thereafter, a natural cooling was performed, thereby

obtaining a waxy ethylene/styrene random copolymer



After the conpletion of the polynerization, 250 m of 5 i sobutyl al cohol
and 10 m of @&suenys hydrochloric acid were added to the m xture and
heated at 80[err]C for 30 mn under agitation. The obtained reaction
m xt ure contai ni ng "~ isobutyl alcohol was transferred to a separating
funnel , washed with 250 ml of watglr tw ce and separated into an oil -
10 phase and a water phase. The oil gﬁhse was poured into 3 lit. of

Separ at ed pol WIEr YL G G Tt S0 G B2 ") 3o TP BENEF ' B8E%e B i ey
obtai ning an §§éu%_ §%§€ﬁ%¥%%_eth %ﬁgdggéggpggygg?réﬂgrgﬁ ter referred

to as "ESC 1" rati o of constituting ethylene units
to styrene (et}&&{ié&e (i1 Ae Rl %&E)é'}eﬁﬁsug'ﬂ@ ¥R§ &HéEs@rs the ESC
1 exhibited an intrinsic viscoSity ([err]) 1.6 dl/g as measured in
decal in at 13&feibited an irRnmichsdic aﬁsEnsdpye(ﬂ) ae 0.2 dl/gPRasduction of

et hyl ene/ styrene random copol yner 20 g of ESC-1 obtained in
Producti 06 BExaegderdd vias decalipl ated3i5rCa S0hel yvhsl@xwasibeo 2%l t he interi or
t her eof was satlsfactorlly purged with nitrogen. The pyrex tube was
nount ed d ‘ mpligedt er heated at 380[err]C and the 25
heati ng was contlnued in a n|trogen atnnsphere for a perlod of 60 mn
started 5 nmin aft erBxedueision ofy ethwiliene/styrene re ,,C Aérer, a
natural cooling was perforned thereby obtalnlng X

et hyl ene/ styrene rimdRibkansdgtarene random cgpodyger (ESC-3) was

35 (her%na,fteéi referred to as "ESC 2 2’1 The nmplar_ratio of

ESC-2 constit FRMEs TEHNeEy ASnd uRFPQuCtlon Example 1

10 except that isopropylidene-bis(indenyl)zirconium dichloride
synthesized by the conventional process was used in place
of (t—butylamido)dimethyl(tetramethyl—n5—
cyclopentadienyl)silanetitanium dichloride. The molar
ratio of ESC-3 constituting ethylene units to styrene units

15 (ethylene units/styrene units).was 96/4, and the ESC-3
exhibited an intrinsic viscosity (11) of 1.3 dl/g as
measured in decalin at 135°C.

Production Example 4 .
Production of ethylene/stvrene random copolymer

20 The same procedure as.in Production Eﬁample é was
repeated except that the copolymer (ESC-3) produced in
Production Example 3 was used as the copolymer. Thus,
there was obtained an ethylene/styrene random copolymer
(hereinafter referred to as "ESC-4"). The molar ratio of

25 ESC-4 constituting ethylene units to styrene units
(ethylene units/styrene units) was 96/4, and the ESC-4

exhibited an intrinsic viscosity (1) of 0.2 dl/g as

measured in decalin at 135°C.



(ethyl ene units/styrene units) was 97/ 3, and the ESC-2 exhi bited an
intrinsic VIE&P ([err]) of 0.2 dl/g as 5 neasured in decalin at
135[err] C. THe yi'eld was 99. 2% Producti on Exanple 3.

Producti on of ethyl ene/styrene random copol yner An

et hyl ene/ styrene random copol ymer (ESG was obtained in the sane -
manner as in Production Exanple 1 10 3 cept that -

i sopropyl i dene-bi s(i ndenyl) zirconi um di chl ori de synt hesi zed by the
convent i onal m&%&# pl ace of

(t-butyl am do) di net hyl (t etranet yI
F o of ESC 3

cycl opent adi enyl ) si =17+ -
Iene upj ts/ styrene
E%%Elty

&
rene uni ts

Units) was 96/ 4. ?f#@f%:?@%ty ene’ Zon mgapaﬁm%ﬁ. Hereive
f ) u
e o éxri%ﬁl‘r%f %o as HRASH)Cfabnodesabla 8L agl el %efﬁ%nf}%oaosm

I d
oheat g Sxodt Frediqiior BRI ke L Eugfé C%fa%@‘ Cofudie
Exanpl e 3 Wasaﬂ&@l:ﬁ%ﬂé“%:éi%o@%%d Eeua.es ml anahfgem err&%’ﬁé’é%ﬁ}‘

constituting ethylene

et hyl ene/ styrene random copol yner (hereinafter to as

"ESC-4"). Therh®Imgldratderi®f of2ESCEECednsenehtingi eehyiéﬂé eReitsids to
styrene units (ethyl ene units/styrene units) was 96/ 4, and the ESC-4

exhi bited an stryfemumlw§q@ﬂiy>1e(nbemh):s¢ht9randlﬁ@la§) was SSEEBUrg i n

decalin at 135[err]C. F- 52 36
the ESC-5 exhibited an 1ntr1ns1c viscosity (1) of 1.5 dl/g

10 as measured in decalin at 135°C.
Example 1
25 g of styrene/ethylene/butylene/styrene block
copolymer (trade name: Kraton G1657, produced by Shell
Chem. Co., Ltd., hereinafter referred to as "SEBS"), 15 g

15 of ESC-1 obtained in Production Example 1, 40 g of
aliphatic petroleum resin (trade name: Hi-rez T-500X,
produced by Mitsul Petrochemical Industries, Ltd.,
hereinafter referred to as "petroleum resin H") and 20 g of
Sasol wax (trade name: Sasol HI imported bii;t Kato &

20 Company) as a low-molecular-weight polyolefinﬂwere melt
kneaded at 180°C, thereby obtaining a hot-melt adhesivé N
composition. .

The obtained hot-melt adhesive composition was applied
onto aluminum foils (50 um) each in a thickness of 15 um,

.25 and coating surfaces were attached to each other. Heat
sealing was performed by a heat sealing machine under

conditions such that the upper bar temperature, the lower

bar temperature, the application pressure and the



Producti on Exanple 5 Production of ethyl ene/styrene random
copol yner SF-520 An et hyl ene/ styrene random copol yner (hereinafter
referred to as "ESC-5") was produced in the sane manner as 5in '
Producti on Exanple 1 except that the amounts of toluene and styrene
were changed to 485 m and 15 m, respggtively. The nmolar ratio of -
ESC-5 constituting ethylene units to styrene units (ethyl ene
units/styrene units), | byt ed intrinsic

was, 88/ 12, and oL he ESC X
Viscosity ([ PTEFSeridfEich) phte enn TG J8%n BeRuFR: 00 a8 ¢
Exanmple 1 . g af _styre hyl enelbut vl ene/styrene bl ock
copolyer (1 rEREPRGTATERr o i EE Fhtatnthoed gataRR SReLE TR L,
Ltd., hereina e t y y : 5 SCr1_0 lnedsin
Production Exjéérgg{%éﬁé élﬁ%&g Vg‘?é%utsgﬁi!oi) ’Sﬁ%? Flg‘ef)%_t F (a)‘?{élugnjs'r&els?n&%#lgdgf nane:
H-rez T-50005 mm,  RTPEUCERDAY tauk Gakrochalbeal bpchshrbess &0,
hereinafter referred to as "petrofeumresin H) and 20 g o asol wax
(trade nage: Sasel1dl césber tad Dpudlikt Fake 3¢ 300MRAN¥LcABoathereb
| ow- nol ecul ar - wei ght pol yol efin were nelt kneaded at 180[err]C,
t her eby obt ai eagure hat -adhds dchetirehigth. conposi tion. The
obt ai ned hot-nelt adhesive conposition was applied onto al um num
foils (50 [err]n) Ehehresubts hAokrgEsemnfinl Takdrer lm 25 and coating
surfaces were attached to each other. Heat seal ing was perfornmed by
a heat seali e lg igample 1 conditions such that the upper bar

tenperature, the | ower bar_tenperature, the application pressure and
t he SF-The same procedure as in Example 1 was repeated except

O Lol

10 that the amount of SEBS was changed to 40 g and no use was
made of ESC-1.
The results are given in Table 1.
Example 2
The same procedure as in Example 1 was repeated except
15 that aliphatic petroleum resin (trade name: Petrosin,
produced by Mitsui Petrochemical Industries, Ltd.,
hereinafter referred to as "petréleum resin P") was used in
place of the petroleum resin H.
The results are given in Table 1.
20 Comparative Example 2
The same procedure as in Comparative Example 1 waé B
repeated except that the petroleum resin P was used in
place of the pentene-based aliphatic petroleum resin.
The results are given in Table 1.
25 Example 3
The same procedure as in Example 1 was repeated except
that 40 g of SEBS, 40 g of petroleum resin H and 20 g of

ESC-2 were employed as the composition components.



37 pressurization time were 170[err]C, 70[err]C, 1 kg/cnferr] and 2
sec, PESk vely, thereby obtaining a | am nate sheet. This

| ani nat e shee was cut into specinmens each with a width of 25 mm A
180[err] peeling test was conducted by nmeans of a 5 tensile tester at a
pulling rate of 300 mm sec to thereby measur e an -adhesive strength. ..

The results are given in Tabl e 1 3&;‘0rrparative Exanple 1
The sane procedure 1z;l\s in Eg \rleégeat ed except 10 that the amount
of SEBS was changel?€orast t%lrﬂr%&’t}éeé‘ le lwade of ESC-1

The results n,in Table 1. Exanpl e 2 The sane
procedure asa%%‘%p%e 1 was repeated except 15 that al i phati C petrol eum
resin (trade nane: t r e ui__Petroch

| ndustries, Ltd. ThE é% TRt ue]?eo $g¢hr ekdggtg S LY pecr 5FEaM ngﬁﬁcﬁpf was
used in tﬂé@C@g pe2 rof syl are
given in Table 1. géCOrrgsaﬁfagl ve@g?gr%?e%f]aleum resin Pl'hlggaﬁrrg %r%ﬁedure

as in Comgar akéye R¥ar®| &nd1dWsd as the %ﬂ@b@(&%ﬁe%@t}ﬁém&@e petrol eum

resin P was used in pl ace of the pentene-based aliphatic petroleum
resin. The results &re giwaD i) TEMIee 11. 25 Exanple 3

The sanme procedure as in Exanple 1 was repeated except that 40 g of
SEBS, 40 g ofExsmwbéchimresin H and 20 g of ESC-2 were enpl oyed as the

conposi ti on components.
The same procedure as in Example 1 was repeated except

that the copolymer ESC-3 produced in Production Example 3
10 was used as the copolymer component.
The results are given in Table 1.
Example 6
The same procedure as in Example 3 was repeated except
that the copolymer ESC-4 produced in Production Example 4
15 was used as the copolymer component.

The results are given in Table 1.



SF-520 38 - The results are given
in Table 1. SF_5§§anple 4 The sane procedure as in Exanple 1
was repeated excep that 40 g of SEBS, 40 g of petroleumresin P and
20 g of 5 ESC-2 were enployed as the conposition conponents.

The results are given in Table 1. 35§anple 5 The sane -
procedure as in Exanple 1 was repeated cept that the copol yner ESC- 3
produced in Production Exanple 3 10 was used as the copol yner conponent.

The results are given in Table 1. Exampl e 6 The sane
procedure as in Exanple 3 was repeatedgggﬁegé that the copol yner ESC- 4
produced in Production Exanple 4 15 as the copol yner conponent.
The results are given in Table 1. SF-520
39" Fabt-e N
For mul ati on pf gg%cﬁ{ngil 5, Adhe51‘;35‘tsni5e‘ﬂ§§?rrel {
adhesi ve osition r\l—Os?'CbU PEed O \¥d°c,,:
0C 20{—|ETT—]_C___ 25 9ogDo " LE‘( L
Ex. 1 Petrpl eumresihp f . : : .
ESC- 1 Ex. 1 pESCrO g resispr) 10 ha.2.1 9.0 | 14.smsfl
wax 20 Sasol wax OSEBS 20 40 Com Ex|1
Petrol eumregin-H 40 gggs- 3 470 40 |07 Sasp
wax co®0 Ex.1|Petroleum resin-H 40 3.3 4.0 10.7
Sasol wax . 20
SEBS 25
Petroleum resin-P 40
Ex. 2 ESC-1 15 4.8 8.8 13.0
Sasol wax 20
SEBS 40 -
Com. Ex.2| Petroleum resin-P 40 2.5 3.5 10.1
Sasol wax 20
SEBS 40
Ex. 3 Petroleum resin-H 40 4.6 8.0 12.3
ESC-2 20
. SEBS 40
Ex. 4 Petroleum resin-P 40 4.0 7.1 11.8
ESC-2 20
SEBS 25
Petroleum resin-H 40
Ex. 5 ESG-3 15 4.8 8.8 13.5
Sasol wax 20
SEBS 40
Ex. 6 Petroleum resin-H 40 4.1 7.5 11.5
ESC-4 20
5 Example 7

40 g of copolymer ESC-5 obtained in Production Examg;e
5 and 80 g of C9 hydrogenated petroleum resin (trade name:
Arkon P-100, produced by Arakawa Chemicals, INC.) were melt
kneaded, thereby obtaining a hot-melt adhesive composition.
10 This hot-melt adhesive composition was formed into a
laminate sheet as a test specimen and subjected to the

peeling test in the same manner as in Example 1. The thus



SEBS 25 Ex. 2 Petrol eumresin-P 40 4.8

8.8 13.0 ESC- 1 15 4.8 8.8

13.0 SF-520 Sasol wax 20 ' SEBS

40 Com Ex.2 Petroleumresin-P 40 2.5 3.5 10.1

Sasol wax 20 4 EBS 40 EX .-
3 Petroleumresin-H 40 4.6 8.0 12.3 o
ESC- 2 20 i SEBS L 0 :
4 Petrol euPFRETED adbgpive styengths We?-”el4 0 NyfPSgmm at ¢, 7.1
ESC- 2 o o Ex.

5 petrol eurf 33 TR 30C, 18-6,125 i go40°C qudg32.8 N/Z5 qm @b ol g
15 4.8 60% 8 13.5 Sasol wax 20

SEBS - ) 40 Ex. 6 Petroleumresin-H 40 4.1

7.9 11.5 The results B¥e “ollectively glve%oln TaﬁleEga”ple !

40 g of copolyner ESC-5 obtained in Producti on Exanpl e and 80 g of
C9 hydrog8&nategdamyelie ot eum resin (trade nane: Arkon P-100, produced by
Arakawa Chem cals, INC.) were nelt kneaded, thereby obtaining a
hot-mel t adhesi ve mRohpoahélvradhddlvel icipaativieh aadhaslumingaROsShéeeN Was
formed into a | am nate sheet as a test specinen and subjected to the
peel i ng test were hprodumsedantta gealingx aeslkte condlibeefihila the same SF- 520
40 nmeasur ed adhesive strengths were 4.0 V25 nmat 0C, 7.1 N 25
mm at 20 er r |"RnnS: AN 26 Brannlel (. e xcepsnthat. grivhasiamhudrocarbon
60[err] C ' The results are collectively given in Table 2. 5

Exanpl e 8  resin (tyadgymang: FIRh 6300 €6ﬁ§§§?@| Hhﬁsﬁilgh$mkﬁ%lsheet

el ing, test conduycted in the_sa
were provefedléﬁhstrfgé, éﬁ was used in place of the c9 hydrogenated

petroleum resin. The thus measured adhesive strengths were
5.7 N/25 mm at 0°C, 9.8 N/25 mm at 20°C, 26.3 N/25 mm at
40°C and 34.0 N/25 mm at 60°C.
The results are collectively given in Table 2.
15 Comparative Example 3
A hot-melt adhesive composition and a laminate sheet
were produced and a peeling test conducted in the same
manner as in Example 7, except that hydrogenated
styrene/butadiene/styrene triblock copolym%%NYtrade name:
20 Kraton G1657, produced by Shell Chem. Co.,~Ltd.) Qas used
in place of the copolymer ESC-5 obtained in Production
Example 5. The thus measured adhesive strengths were 5.3
N/25 mm at 0°C, 12.3 N/25 mm at 20°C, 10.4 N/25 mm at 40°C
and 9.7 N/25 mm at 60°C.
25 The results are collectively given in Table 2.
Comparative Example 4
A hot-melt adhesive composition and a laminate sheet

were produced and a peeling test conducted in the same



manner as in Exanple 7, except that aromatic hydrocarbon resin (trade
name: FTR 610%F %% @duced by Mtsui Chem cal 10 Industries, Ltd.) was used
in place of t hydr ogenat ed petrol eumresin. The thus neasured
adhesi ve strengths were 5.7 NN25 mmat O[err]C, 9.8 N 25 nmm at
20[err]C, 26.3 N 25 mm at 40[err and 34.0 V25 nmmat 60[err]C -
The results are collectively given in bIe 2. 15 Conparative Exanple 3

and a poel | ngMERRTE AR QUL ARG s SxFEDY that Biftpogearad anpl o 7. -

h h / / bl.ock I
(trade nane: ¥%§%§f%§9ﬂﬁ%/&¥&u%§&%%ﬁ§”ﬁ%‘ﬁ Aie8, (Erend S8l L ea
i . Th
hut moasur od STeRI Ve ol AR terd oyt CHUHEOR 1. ) e ReER s

gg 20[err] C, {9 pr A% rmerd AYPPhidde ESC-5 %@)@agnéd'\'é.ﬁ5P%ﬁ‘Etg§1[le”] C.

The results are colléctively given in Tab nparative
Exanpl e 45 Example A h@hérﬁiﬂuﬁ(ﬁ{é%%u\t%dcQﬂh@%‘l%oﬁti‘gﬂgﬁh!saﬁéfét?i *ﬁheet
were produced and a peeling test conducted in the sanme 520
41 manneN/23 mm &xadid.e 48,6 e Pt s 20Pdr, ogesaNgds mm at 40°C
styrene/ but adi ene/ styrene tri bl ock copolyner (trade nane: Kr at on
Gl657, producadby.&HE/25 Grerat GO°C.Lt The wesulissdare colhbeptivelwyf the
copolyner ESC-5 obtained in Production 5 Exanple 5.. The thus neasured
adhesi ve streditren iwrtable 2. N 25 mmat 0C, 4.6 N'25 nmat 20[err]C,

5.6 NN25 mmat 40[err]C
[ ] Table 2

10

Formulation of hot melt Adhesive strength

adhesive composition (g) (unit of N/25 mm)

0°C | 20°C | 40°c | 60°C |

C9 hydrogenated

Ex.7 petroleum resin 80 4.0 7.1 | 18.6 | 32.8
ESC-5 40
Aromatic hydrocarbon
Ex.8 resin 80 5.7 9.8 | 26.3 | 34.0
ESC-5 40
C° hydrogenated '
petroleum resin 80
Com. Ex.3|Hydrogenated styrene/ 5.3 {12.3 | 10.4 | 9.7
: butadiene/styrene

triblock copolymer 40
Aromatic hydrocarbon L
resin 80 Ut

Com. Ex.4|Hydrogenated styrene/ 2.7 | 4.6 | 5.6 | 2.6
butadiene/styrene

triblock copolymer 40




and 2.6 NV25 mmat 60[err]C. The results are collectively given in

Tabl e 2. "SF-520 Table 2 10

Formul ati on of hot nelt Adhesi ve strength adhesi ve
conposition (g) (unit of N 25 mm '

0OC 20[err]C 40[err] C 60[err] C 4 C9 hydr ogenat ed Ex.7
petrol eumresin 7.1 58 6 32.8 ESC-5

g0 57 JuwtH éﬁéf&é" iocarvo esos T 4
C9 hydrogenated 1 g hot—melt %%f%l %‘%”E%%Sgitlon 88mpris AN Ex. 3

Hydr ogenat ed styrene/
but adi ene/ styrene 100 parts by we:.b'th'o‘fCEt ¢aRRi¥ARE (840 and

Aromati c hydrocarbon resin 80 Com Ex.4
Hydr ogenat ed styreheto 900 ghrks by Greight of2af o~olefin/aromatic vinyl
but adi ene/ st yrene tri bl ock copol yner 40

42 5 compound random copolymer (C). CLAIMS 1. A hot
melt adhesive conposition conprising: 100 parts by weight of
tackifier (B), and 1 to 900 parts by wei ght of

et hyl ene/ a-ol efin/ aromatic vinyl conpound random copol yner (C), wherein, in
random copol yner () A thet-aedtefidhesdyef compesision cambovhsivanms, and the
nolar ratio of structural units olerlved fromethylene to structural units
derived from a- ol k% BEREHPY “(?rlgﬁ‘é'—ré? c&r Eéﬁeapeﬂﬁim(*& I‘@ ene/a-olefin) is
in the range of fr t nel t _adhesi ve

m1l t 0,40/
conposi tion COprI’IJ(S) 090({6) parts PHOWE&PP%: BF ﬁeF@ﬁFlSF'e’Ba B pcder (A),
1 to 9001 garts by ﬂwﬁdﬂﬁ o ek ?Pta@@ an —ole§1£9a}§@$tférts by

wei ght of ethyl ene/ a- ol efl n/ aromatl C vin conpound random co yner (O,

wherein, in randameonol faﬁ m EBBo®s ngla has from3 to 20 carbon
at ons, and the ol ar ratlo 0 structur unlts derived fromethylene to

structural units derived fromJ[err]-olefin having 3 or nore carbon atons
(ethylene/a-olefin) is in the range of from 100/0 to 40/60.

3. A hot nelt adhesj ve HmRsid 2dheg@RR! c8iPBBsition com P@sﬂ?{ts_ by wei ght
of base pol yner (A, 10 to 300 parts by weight of tackifier (B),

and 10 to 0D geardss Byy wadighltt off acblygkepolgmeke{an/ aromatic vinyl
conpound random copol yner (C), wherein, in random copolyner (C), the
a-ol efi i Bas from®® tup 200 gebts byowe:.ghndofha tatkifiati (Bof aid uct ur al
units derived fromethylene to structural units derived froma-olefin

having 3 or nore cdt déh 4R% Mttt Y WRdohtorés AR) relefinfRremalkc of from

100/ 0 to 40/ 60.
vinyl compound random copolymer (C).

4. The hot-melt adhesive composition as claimed in
20 claim 2 or 3, wherein the base polymer (A)'l;s., at ieast one
polymer selected from the group consisting of a polyolefin
(a-1), a polar group containing polymer (a-2) and an

aromatic vinyl compound/conjugated diene copolymer (a-3).

25 5. The hot-melt adhesive composition as claimed in

claim 2 or 3, wherein the base polymer (A) is an aromatic

AR O O A
W e

vinyl compound/conjugated diene copolymer (a-3)

CED



4. The hot-nelt adhesive conposition as clainmed in claim2 or 3, wherein

‘'t he base pol¥gag2@A) is at | east one polyner selected fromthe group
consisting o pol yolefin (a- 1), a polar group containing polymer (a-2)
and an aronatic vinyl conmpound/conjugated di ene copolymer (a-3).

5. The hot-nelt adhesive conposition % claimed in claim2 or 3, wherein -
the base polyner (A is an aromatic vi 9 conpound/ conj ugat ed dlene

copol yner (a-3). : t-melt adhesive compgsition as.cla imed an

6. The hot-nelt ad%eQFV%IE% 05|t|g% §4VE §PIRASTh any alns %
wherein the eljpsgne/ [ty 15 - q}h@frke%avcaaaw-swfﬂﬁyafsﬁa@y@dvmyﬂc&ama/rrer
(C contains structural anits derlved fron1an aromati c vinyl conpound in an
amount of 1 1,0, BoMey blymer (C) is anler ?feﬂ JaPShic fNPSiYEe CQRAsid | on
as clainmed in any of 2 or 3, which urt er conprises a

| ow- nol ecul arpsaMdd e Iygggﬂln having an intrinsic viscosity ([err]) of
0.01 to 0.6 dl/g (D) in an anount of 1 to 100 parts by wei ght per 100 parts
by wei ght§of the base polynmer (A) 8 . The hot-nelt adhesive
conposition as clainmed in claim1 which further conprises a | ow nol ecul ar
wei ght pol yol ef i n havi rthearatirmellts edhessvestcoypofitidn @ Qldimed in 6 dl /g
(D) in an amount of 1 to 100 parts by weight per 100 parts by, wei ght_ of the
tackifier (Bany of claims 1 to §, wheggiRothgeProbehtld! FeCBdrifHsTHoh as
claimed in claim9, wherein the ethylene/a-olefin/aromatic vinyl, copol yner
(CO) cont ai ns eamReung Fander sopelyred f(%ns:a%m%sm B i n an
anount of 1 to 80 npl % he hot-pe|t adhesive commosition
as clai med |ﬁi%ﬁ%¥?ﬁ:frqy'ép'§r°Wﬁ§F€|HlpﬁlrSﬁﬁﬁﬁﬂqﬁgpﬁ?yﬁ%raWQan ol ar
rati o of @trqgt%gfl H%;ts derived fromethylene to structural units derived
from a- 01 %ha ‘or nore carbon atons (ethylene/a-olefin) is within

t he range of fron1100/0 to 60/40. 11 . The hot-nelt adhesive
conposition as clained in claiml, 2 or 3, wherein in random copol yner (C

the molar ratio ofgStrugdinple ek Afestod ELABPELBYLANSS I OLathde 1 Al

units derived from a-olefin having or nore carbon atons
(ethyl ene/ [ erdry Jefdilinss 2Wcbhin hechabietRéyrf compANdd 4 oLkl 30.

12. . The hot- nelt adhesi ve conp05|t|on as claimed in claiml1, 2 or 3,
wher ei n the mislcsriicapaleidit polyodaBi hSRavEhyaenedst ene vidubity
copol y 13 . The hot-nelt adhesive conposition as clainmed

in clai n1 5, omr & OwWddr dion O Be dLdEd 6B cépoRyneroYT) ebrbriedd0 parts

et hyl ene/ but yl ene/ st yrene random copol yrer.
by weight per 100 parts by weight of the base polymer (A},

in addition to the base polymer (A), tackifier (B), and Q-

olefin/aromatic vinyl compound random copolymer (C).

20 9. The hot-melt adhesive compositidn as claimed in
any of claims 1, 6 and 7 which further comprises a low-
molecular weight polyolefin having an intrinsic viscosity

(M) of 0.01 to 0.6 dl/g (D) in an amount of 1 to 100 parts

by weight per 100 parts by weight of the tackifier (B), in

25 addition to the tackifier (B) and o-olefin/aromatic vinyl

somponnd wendom copomme S M) WO R
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