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find utility '8’6"3’%&? g systens, as illustrated in United States patent
“Ununber 5,.244;9 ued to Mtsui Petrochemical Industries Ltd. Although

of utility in-their.o he, i ndustr t0|rrp vethe
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i cati on,

materials baself
for exanpl e, i arerkmbumdnshe art areboffierc: rangesefahatetial stmciturestand iprapertiche gl ass

t iti t : t
that detor i ﬁ@ﬁ@l’“ﬂ%&ﬁ%ﬁ%ﬁ%ﬁ@@?ﬁ BlopSeE AmpitioplAR ops Aot or
t enper at ur e, . pblepdaofpalyethylgnsand pelystyrene ﬁ%%cmlpr‘bgqﬁﬁéﬂﬁlﬁl astics. Above

the glass transition tenperature, materials exhibit nore rubbery
One particular aspect described by D’ Anniello et al. (Journal of Applied

Polymer Science, Volume 58, pages 1701-1706 [1995]) is that such
interpolymers can show good elastic properties and energy dissipation
characteristics. In another aspect, selected interpolymers can find utility in
adhesive systems, as illustrated in United States patent number 5,244,996,
issued to Mitsui Petrochemical Industries Ltd.

Although of utility in their own right, the industry seeks to improve the
applicability of these substantially random interpolymers. For example, it may
be desirable in certain instances to manipulate the glass transition temperature
of the substantially random interpolymer, and thus allow materials based on
substantially random interpolymers to find application, for example, in molded
articles and as sealants and adhesives.

The glass transition temperature of a polymer is one of the major
physical parameters that determines its mechanical properties. Below the glass
‘transition temperature, polymers are commonly stiff load bearing rigid plastics.
Above the glass transition temperature, materials exhibit more rubbery '
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An alternative to varying comonomer content is to add to a base
material another material having a different glass transition temperature.
However, it is known that the addition of a low molecular weight brittle diluent,
while it may increase the glass transition temperature, will typically lead to a
degradatxon in mechanical properties, such as tensile strength. It was expected
that the addition of the class of materials commonly decribed as tackifiers to
substantially random interpolymers, particularly those interpolymers which are
elastomeric, would dilute the polymer network and lead to tensile properties,
that is, tensile strength at break and elongation at break, which are less than the
substantially random interpolymer alone. :

There is a need to provide compositiohs comprising substantially random
interpolymers of at least one ai-olefin and at least one vinylidene aromatic or hindered
aliphatic monomer which have an increased glass transition temperature over
unmodified substantially random interpolymers, particularly which have a glass
transition temperature greater than room temperature. There is a need for sucha
composition which is attained without a corresponding loss in tensile properties.
There is a need to provide improved hot melt adhesive formulations comprising
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Interesting class of materials. Hot nelt adhesives generally conprise three

conponents: a pol ynﬁé’ﬁmélthd!fdsiv%sgénerﬂlyicoin mﬁae&npafmmwolymﬂ,aonprl se
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typically errp i ckifier to.reduce the viscosity of the
systemto | evdF W" |°316'??€>I§ icil e applicat i-on to the substrate, for

i nst ance, to.vi SCOSItIes Iess t han about 5000 cent oi se. Pressure
sensitive adhesi vesHatmehadmsmsbaaeﬁmmraweuﬁag mlme&hﬂﬁ‘i‘f’ent |y

tacky at room E%F& hﬁ@;éng APR qn\mpmsfl rmy
adhere to a va ‘%’lﬁg%%[a@é’%ﬁsgﬁnér?g?"é rfac ?B%p theqapg on of |ight
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tacki ness, ethylene/a-olefin copolymers. Prior art hot melt adhesives typically employed

Targe levels of tackifier to reduce the viscosity of the system to levels which
enabled its facile application to thg substrate, for instance, to viscosities less
than about 5000 centipoise.

Pressure sensitive adhesives are materials which are aggressively and
permanently tacky at room temperature at the time of application, and which
firmly adhere to a variety of dissimilar surfaces with the application of light
pressure, such as pressing with a finger. Despite their aggressive tackiness,
pressure sensitive adhesives may be removed from smooth surfaces without
leaving significant residue. Pressure sensitive adhesives are widely used in
everyday applications, such as masking tape, clear office tape, labels, decals,
bandages, decorative and protective sheets (such as shelf and drawer liners),
floor tiles, sanitary napkin/incontinence device placement strips, sun control
films, and the joining of gaskets to automobile windows.

Historically, pressure sensitive adhesives were based on natural rubber
and wood rosixis, which were carried by a solvent. Articles bearing such
adhesives were manufactured by applying a solution of the adhesiveona -
suitable backing, and removing the solvent by a devolatilizing process.
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dhesi ve system h . . in that th
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‘adhesi ve suscepe disadvantagensria that thersitey of wrsatueationrin die biagkeapolymerul t ravi ol et
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Acrylic systems, while stable to oxygen and ultraviolet light, are

inferior to diene-based elastomer systems in terms of the balance of tack, peel
and 6reep resistance which is preferred for pressure sensitive adhesive
applications. Further, such systems are typically available only in the solvent-
based and water-borne systems, making them further disadvantageous for the
reasons set forth above.

Hydrocarbon-based systems were developed at least in part to provide
improved stability to oxygen and uitraviolet light, as compared' to diene-based
elastomer systems, as well as the ability to be utilized in hot melt adhesive
systems. Hydrocarbon-based systems which comprise, atactic polypropylene,
interpolymers of propylene with higher order a-olefins, or poly-a-olefins, such
systems exhibit a poor balance of properties. In particular, .poly-l-butene has a
tendency to slowly crystallize after application to the substrate, leading to a
profound loss of tack. When oil is added to increase tack, the oil tends to |
migrate' out of the adhesive into the backing layer or the substrate. Atactic
polypropylene and poly-a-olefins suffer from low tensile strength, which leads
to low cohesive strength on peel and to the leaving of a residue on the substrate
surface after peeling. Hydrocarbon-based'systems are typically not preferreci
due to the limited ability of low 'density polyethylene to accept the formulation
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invention further pertains to such a composition, wherein the extending or
modifying composition is selected from the group consisting of the following:
paraffinic waxés, crystalline polyethylene waxes, styrene block copolymers,
ethylene vinyl acetate, polymers or interpolymers of styrene and/or alkyl-
substituted styrene, such as a-methyl styrene, and homogeneous linear or
substantially linear interpolymers of ethylene and one or more C3-Cpq a-
olefins. The subject invention further pertains to such a composition in the
form of an adhesive, a layer of a muitilayer food packaging structure, a coating,
a sealaﬁt, a molded article, or a sound attenuating device.

Unless indicated otherwise, the following testing procedures are to be
employed: '

Density is measured in accordance with ASTM D-792. The samples are
annealed at ambient conditions for 24 hours before the measurement is taken.

Melt inde:{"'(iz), is measured in accordance with ASTM D-1238,
-condition 190°C/2.16 kg (formally known as "Condition (E)").

Molecular weight is determined using gel permeation chromatography
(GPC) on a Waters 150°C high temperature chromatographic unit equipped
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vi nyl i dene comononer and optionally at |east one third comononmer sel®ected -
from t he wonspostmsi sting of CJerr]-Clerr] [err]-ol efins, »frso7Assast one
tackifier, and at |east one extending or nodifying conposition or :
processing aid. The subject invention further pertains to such a

conposi tion, Witk thrpeymixad poresityolnmus (Polymdryiahgratasies 403, 1080105 asé| ect ed
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linear interp mersl.of ethyl ene and one or nore Clerr]-Cferr] [err]-.
ol efins. The LU Sy ent i on furt her -pert-ains-te such -a-conpositi op-i-n - -

the formof an adhesive, a layer of a multilayer food packaging structure,
a coating, a seal aThe malecolariwdight detednsination ia deduced bytusimgmairowg devi ce.

Unl ess indic | \ ; ' dqures are to be -

enpl oyed: Deﬁé?@g/\ﬂ%%&/%éﬁ%‘%ﬂﬁ#%l&%%g%ﬂﬁ%@%@fx@#&%%z The sanpl es

are anneal ed Laboratories) in conjuanction wath their 2lntion wyoluniesi dhe equiwalemtasur enent. i s
taken. Melt i ' ) %e&n?i' D | {- D- 1238,
.condition 19 rr )glj%&ixgie}(mlaf ?Jgigrl}al | 8 nomeggph%gggﬁ%%ﬁgflg Mol ecut-ar——-
wei ght is detBouwinkgoeiciegtsfer pelyethilene and polysiiene fasaepsribeddy) "on a Waters
150[ er r] C hi glyilligmeand Werd if DeefallcT PoRhérScithcs, FollpthéiiGgerso Vol 6, WO 98/ 10017

PCT/ US97/ 15534, Wi t Dot h i 1 | Pol . Laboratories 103, ...
104 08 ondeabidbe Beborl el v etetence Lt eyt et ieinesautone  The

solvent is 1,2,4- trichlorobenzene, -fromwhi.ch 0.3 percent: by weight ™ =" 7777
sol utions of the sanpl eMpghetylara 28 (Mpplysiidelt-on.. The flow rate i's 1.0 = -
‘mL/ mn. and the injecti orllaasi zé is 100 m crygilyikters.' The nol ecul ar wei ght

O ot SR 4 A B R e o
‘el ution vol ul¥w; isgalculated indbe nsual mappenarrerdingig the followingfopmule: Mve
det erm ned by= 3¥s¥n M RNeRPW] &idM)/areithe Weipht filictioneindintdiediilsr &ghtpo! yet hyl ene.
and pol ystyr ene {aets Yihe #6 FaHon eluting from the GPC column.
Melt viscosity is determined in accordance with the following procedure.
using a Brookfield Laboratories DVII+ Viscometer in disposable aluminum
sample chambers. The spindle used is a SC-31 hot-melt spindle, suitable for
measuring viscosities in the range of from 10 to 100,000 centipoise. A cutting
blade is employed to cut samples into pieces small enough to fit into the 1 inch
wide, 5 inches long sample chamber. The sample is placed in the chamber,
~ which is in turn inserted into a Brookfield Thermosel and locked into place
with bent needle-nose pliers. The sample chamber has a notch on the bottom
that fits the bottom of the Brookfield Thermosel to ensure that the chamber is
not allowed to turn when the spindle is inserted and spinning. The sample is
heated to 350°F, with additional sample being added until the melted sample is
about 1 inch (2.54 cm) below the top of the sample chamber. The viscometer
apparatus is lowered and the spindle submerged into the sample chamber.
Lowering is continued until brackets on the viscometer align on the Thermosel.
The viscometer is turned on, and set to a shear rate which leads to a torque
reading in the range of 30 to 60 percent. Readings are taken every minute for
about 15 minutes, or until the values stabilize, which final reading is recorded.
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sanpl es into pP%\",‘ “%%EQ AR OEB-Y nches 1ong
sanpl e chanber efEbﬁt stairpindtidlly, increasidg im osmve:mowmt adjustments wherievémn

U LR Gl O P e B .

t he bottom of ghpoﬁlﬁcmm@Il&ﬂ%eﬁmmplemmmmneﬁManMgemanber i s not
allowed to tur : samle is

heated to 350[g?¥r¥?‘§ﬂnvm ?H%R%lgll ’ttlﬁlgn S{belg §ﬂ : .tdpg ?herrpnelted ST
sanple is abouploiOfﬁchﬂweziygan@rﬁorammﬂuMOfwsempleheG &hp\dynamisdpss . The
vi sconet er appgigdulis dfthe el dtaﬁ'ﬂ@ltit@’/ﬁp")f‘ﬁﬂdﬁ)eﬁk'meﬁﬂ@afdﬁi‘é%eﬁ@ﬁoﬁa”m e

chanmber. Loweri conti.,nued until brac on.the visconeter align on
" the Thernosel . g’ﬁ’é&i‘?‘?éwg’t’ T e d set to a shear rate whi ch

| eads to a torque reading in the range of: 30-to 60- percent-: —Readi-ngs- are -

taken every mi nute Glassdtansitiof fempenaties(DSC) isdeteiminbdusing differeritinbi | .i-ze, - -

\IghC;'fBSg;?%SE?lg%nﬂﬂ’élcsdk%ﬁé&bgggﬂ\ s%ar&gts?ﬂlir e égr %oﬁlegs 12 l? oq OWs. | The

sanpl es are exam ned using pelt rheol ogy techni ques on a Rheonetrics RDA-1I

Dynami ¢ Anal yzer. TiReo detgrined agingdRigital Relpken Rrobe TaglgTester 7.9 mm
di anet er paral fpgk sdei-es maﬁkﬁmf&. AGhines, Ind!) (NEWWGHRJ)! i mat el y

-70[err]C to 25 %‘S‘%mg e? ep with 30 seconds €équilibration
del ay at each §‘E°é’5& ?@ lfequency is 1 radian/second with an

autostrain function of 0.1
The term "“interpolymer" is used herein to indicate a copolymer, or a

terpolymer, or the like. That is, at least one other comonomer is polymerized with
ethylene to make the interpolymer.

The term "hydrocarbyl” means any aliphatic, cycloaliphatic, aromatic, aryl
substituted aliphatic, ary! substituted cycloaliphatic, aliphatic substituted aromatic, or
cycloaliphatic substituted aromatic groups. The aliphatic or cycloaliphatic groups are
preferably saturated. Likewise, the term "hydrocarbyloxy” means a hydrocarbyl
group having an oxygen linkage between it and the carbon atom to which it is
attached. |

The term "substantially random” in the substantially random interpolymer
comprising an a--olefin and a vinylidene aromatic monomer or hindered aliphatic
vinylidene monomer as used herein means that the distribution of the monomers of said
interpolymer can be described by the Bernoulli statistical model or by a first or second
order Markovian statistical model, as described by J. C. Randall in Polymer Sequence

Determination, Carbon-13 NMR Method, Academic Press New York, 1977, pp. 71-78.
Preferably, the substantially random interpolymer comprising an a-olefin and a

vinylidene aromatic monomer does not contain more than 15 percent of the total amount
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percent strain initially, increasing in positive 100 percent adjustments *
whenever t WO 8PYTe decreased to 10 gramcentineters. The pPETAISYHISS3USed
with an initial gap of 1.5 nmat 160[err]C. The sanples are naintained in a
ni trogen envirg

th ut th t dat

degr adat i on. Yl@‘%cggﬁ%ﬁmae%%%&iga @gﬁb‘!ﬁﬂem B ?E"ngﬁh%i(lii’éf?%w s ;ore G'
((j t |h1e d%/nam c Ithan3rumis] mrebrdftmblyaﬂiplm)::polyt&ﬂeﬂQhét&héﬁc{e&édb V& High %Fl{é?@

elta (a repre sition ar e e
G ase { ransrt | o BoldRefly of SaaltEi). T3 sdafl af BPRE T PuRCiner e or
scanni ng cal orsubstantiallyapdom lstsmlymdhwpeak[}{reasrcpﬁéspondMg t6 thermain Thaia
150 C P P Probe Tack
Toster Thi g0 DSyl ahd niBE hibEsk plelthuite eldier oo o S8llenckE 0P RIS
accor dance wi tdjaghssapengesshouid nolrmectbﬁrpemmt@f ihs! totab peaki asea afite frmirechmid 0

i ndi cate -a copgbthiyRhe afd midthifié Bgborier . or. the-like.- That is, at |east one
ot her conononer- i.S polynerized w th ethylene to make the |nterpol ynmer. The

term "hydrocar byI ans any :al j hat' clo phatic, aromatic, aryl
substituted ali phat‘rH:'B3 (\,/aé t%%lh‘i‘%lﬂlﬁépﬁi #iynges fxom shaslower value to
srbs}]r tuted anhanppervahxemyndraaémahﬂbnw:ﬁu@eﬂdb?lﬂﬁdth%mtsb ot (f{ipﬂsatl% H
“ali'phati-c-6F . | urate J.kKew se, the
term" hydrocag%yu%%/%neang %cé}db%ﬁﬂ a%ﬁv%ﬁ@“&ﬁmﬁﬂ?g@ﬁ isstatedge
bet ween it ancihiltrtbe ‘amobntof; @tmmnmﬂumrvalue ofamlieﬁaethMexample
"substant i al | gaqam ﬁ%sm%amg%rmn%rm% YRR FoGOAPL 80,0

an a-olefin an ene aromat| ¢
vinyt i dene-moHBYREPT Tai0dp {Opit Avistended thahealwsatmh Buld o 8% 221 68, 43

nononers of--sab§1}30. ﬁfwmr’&é eﬁﬁessheexﬂ@ﬁétb@ﬁf’ﬂ@/ tpE&ﬁcﬁﬁh”Q*& ‘vfxluéé ahicht | cal

nodel or by a fiyst_,or second or.der r ovra cal nod
descri bed by J'“e(f s than §1F, one Ing j§ Gopsh eS"é Qih‘ 8% oD.1 881 bon- 13 NVR

Met hod, Academpproprietes These aferonly éﬁﬂﬂesmtf wl?ai :s@;ec:ﬁéﬂfﬁh&bﬂéﬂ aﬂd‘@l possible

. bstanti al |
' _\S/:Jnfll i delne a?okgl%m%ﬁéﬁé@ﬂ%es n ﬂ irl%v?%? h?\mfgh E’r??‘sﬁrvaéﬂe t he
total ampunt -epumerates argitobe Pmreﬁfor’oatexpresdyrsmmd in mmamﬂicaumi invd sigiifatiene

aronmati c nmonompdnnef, nore than 3 units. Nore preferably, the interpolynmer is
not characterized by a high degree of

The interpolymers suitable for use as, oras components in, the compositions
* of the invention, include, but are not limited to, interpolymers prepared by
polymerizing one or more o.-olefins with one or more vinylidene aromatic monomers
and/or one or more hindered aliphatic vinylidene monomers, with interpolymers of
ethylene, one or more vinylidene aromatic monomers, and optionally one or more a-
olefins, being preferred. '

Suitable a-olefins mclude for example, those containing from 2 to about 20,
preferably from 2 to about 12, more preferably from 2 to about 8 carbon atoms.
Particularly suitable are ethylene, propylene, butene-1, 4-methyl-1-pentene, hexene—l
and octene-1. Other suitable a-olefin monomers include norbornenes.

Suitable vinylidene aromatic monomers include, for example, those represented

by the following formula:
Ar .
| This Sheet Has Been Replac
i T
Rl — C = C(Rz) '
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. ei-tther . bsot act|C| ty or syndiotacticity. This nmeans that in the 13C NMVR
spectTum ofwoNs1MIBst anti al | y random i nterpol ymer the peak aFESA&S9IT1S534
correspondi ng to the main chain nethyl ene and net hi ne carbons representing

per cent of t he NAGTeRR Ko daelenel 3 5 Groln Shraichs ForEsIgH S TR RS
f:ar bons. | Any nygdicdls eontainingdcom d a0 aboutiiecazbon atnmk;ptefewy hydrogen drmethyle
thore 1o o separrReRi5entfloty sPieb R AR sl OBt boRb e R By bAen,
hi gher ?/al uef Aad atkyt ragligalsscontaining fios § tavabonit 4 ivatbonlatoras; preferably hydompeponent
Bressure and  RACAR R o Plchdhlibud U B pfiony pRSESRE ERERT WSS | o
nor e pref erabl yubat@memteﬁcfmm the &rounmmgtqfaalwgmﬂkyg gt Cashalgalkyl; 55,

22 10 B8, 43 t¢ &ﬁha@thmefﬁ?mﬁ&ot@asmﬁw Mywaéra&&sbduﬂztﬂb&
speci fi cati on. For I ues ﬂ are | ess an one,. one unit, consi der ed

to be 0.000 1, prstersh yv&rm %ﬁm ary menoyinyl ? 2RO RRANOMEFLING & SEEENe| es
of | what blf Spewﬁ]yll tcflhéne, ?Fmemyledﬂmwt-bhdyl mme}tadlﬂaorloamna,ahcladitﬁgaﬂ 1§btﬁ§i'§t 'og al
val ues et ween e | OwWwes \' val ue rat ed re to pe
eontidered to isespnbotids Taticufiy sulfbig s prorRe odtie TR e oet nor
The i nt er pol ymatkyl-sarihakigen-sibstituted derdvatives ﬂx:r&odinﬁmrﬁm-mcbnonnmerhmclude
conposi tions Ofs'fyepgf &(';ﬁ(gtﬂgd ﬁf}ené hd ﬁ%aﬁﬁ‘ ot A)‘fxeﬁﬁﬂtmlg' sﬁbétﬁgteh(&mv?twgs of

i nter polyners one or nore vin

_ Meri zin
aromatic nnnonmsemnﬁﬂcbras(ﬂﬁb% metary @nq%pa:meébv Istyrepp.the sing hﬁlys¢mdestyrenes
“MONOmET's ~ and R Lﬁﬂi‘l' tbmeaé of Ridithre RRrédT AImeprefeiel ntdloVinlyHderde' #6Mmblie
g-

gir-etp -CoORsi-st-+Ag-of - err} ol ef-ins. Suitable [err]- efins include
for exanple, tﬁ'ﬁ%’@“&?&?ﬁsﬂrﬁp g up to about 20,  up to about 12, nore
“preferably up to about 8 carbon atons. Particularly suitable are propyl ene,

butene- 1, 4-nethyl Thetaentidnderedaliphatic oﬂ.cwiﬁhlmhhﬁm‘ﬂnyﬁdenéhﬂmm"tméﬂm

onoter's i ncl UBGEPR pol i %’??s*“‘ee @%ﬁ%@?ﬁ%ﬁ%‘?’nﬁg’@ MR R e
[err] 42903B WD 98/ 10017

PCT/ US97/'15534 wher ei n - Rlerr] is sel ect ed-"f’rom t he group of radicals
consi sting of hydrogen and aIkyI
_ C C(R2),

wherein and A' is a sterically bulky, aliphatic substituent of up to 20 carbons, R' is
selected from the group of radicals consisting of hydrogen and alkyl radicals

containing from 1 to about 4 carbon atoms, preferably hydrogen or methyl; each R*is -
independently selected from the group of radicals consisting of hydrogen and alkyl

_radicals containing from 1 to about 4 carbon atoms, preferably hydrogen or methyl; or

alternatively R* and Al together form a ring system. By the term “sterically bulky” is
meant that the monomer bearing this substituent is normally incapable of addition

- polymerization by standard Ziegler-Natta polymerization catalysts at a rate
comparable with ethylene polymerizations. Preferred hindered aliphatic or
cycloaliphatic vinylidene monomers are those in which one of the carbon atoms

- bearing ethylenic unsaturation is tertiary or quaternary substituted. Examples of such
substituents include cyclic aliphatic groups such as cyclohexyl, cs;clohexenyl,

: cyélooctenyl, or ring' alkyl or aryl substituted derivatives thereof, tert-butyl, and
norbornyl. Most preferred hindered aliphatic vinylidene compounds are the various
isomeric vinyl- ring substituted derivatives of cyclohexene and substituted

" cyclohexenes, and 5-ethylidene-2-norbornene. Especially suitable are 1-, 3-, and 4-
vinylcyclohexene. '
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r adi cal s containing from1l to about 4 carbon atons, preferabl .y hydrogen or

methyl ; espdodlopi¥ | i s independently selected fromthe gr ocHiseiassaal s
consi sting of hydrogen and al kyl radicals containing from1l to about 4

carbon -atonms, preferably hydrogen or nethyl; Ar is a phenyl group or a
phenyl group subst Thetisterpolynkers obainelortmm’é osolefins sndeotiesor sdre eidhdvinylidenene

Val e 1 rom scPite s aflnord o hors PRt ibba RraRedionggls; " " °

“preferably zevimylidsnepbaomersomplayed i lm tlnsrpeesantamntmnmbsuammlbctaum
styrene, vi ny t t
chloroct yr encPob RSP EPUBTHASANY BN S AR S npe e

sui tabl e suchoﬁﬁﬁéﬁﬁé%"'?’m azqmatic yaongracT apiior mdggqiallghalcor S
hal ogen- subst b}d!éﬂﬁ‘:hﬂﬁé wham&ﬂmaqﬁd ﬁBhﬁé%hfwmﬂw ﬁxdwﬁéryaﬂ ofat |
styrene, [errl nmet Ny : t.he, r aIk gﬁ hen ¥ -r| bstituted
derivatives ofeasigpe egg‘l@?’i rom “t (?E&S’F‘é Sne, the

ri n]g hal ggenakxﬂﬁtaﬁm’unymﬂomateqmlymyﬂha‘sdfmmm MsmantSugraa p"eh:em&ﬁLtheﬁ nor e

pretrerred nonpvi [ ongy npnoner S St e ter )

B ohatic or e VBeRt P e spdFr phaed Srpbhll of £ patipahic

~_pol yneri zabl evwhﬁmmnmmﬂwsnhstmdlymmom interpalymeewilbinhpart agrystatlinel a; - -
[err] wherein # C }plt%ﬂ of u

‘to 20 carbons, ﬁ% | st%sfé% adlﬁmge?#ﬁ&ht ﬁtﬂ%rtgﬁéd%?n?%l {’&ﬁ l@#@s}tﬁl&n@{%f p
hydrogen and &pRryS to leas than 25 swle pereent gf cpstaneyimlidenc aromstio monomer
preferably hydfHgem n&éreHSﬁ coeeyéloﬂpﬁaﬁ&vin haaew sbkARiaRg from

]'Ehe grlo;Jp 01;3 wﬂlﬁg@las 9‘3%’2%{1 of 9é1r ‘greln and al kgq ras*\%?\lresggt%rr}l ai ni ng

rom o abo _

aI t er nat : ?/el %V\H{eﬁrthé: mib'sthnﬁhlli mdbxhﬁmefpiulyma h“af1 lﬁ@nﬁ%toejr? mBle ;iek‘&nb t 6f te at
"sterically the mononer be t.hi.s su |

nor mal |y | moalS AP ameSRmRRY PSS FHoRes AR o mdired ipndbis of FAIbelioteEl . .°

pol ymer i zat i owinyliderieyrosomaer, thersubstargialiy sandoreintarpdlymehyilbimpart an amorphous

pol yneri zatio afér‘?ti)q E‘ﬂﬁglvggﬁi aliphatic or cycloaliphatic vinylidene

nononers are one” of the carbon atons bearl ng et hylenic
unsaturation is tert | ar or qua nary substi | t ut ed. I es of such
substituents incl ud¥h ﬁﬁ’é random, ipterrolymer s yse stesngth imparting

tC%C I oh ?X etny | ; c&ﬁﬁbmc bﬁgy bdheﬁiﬁre,rthél ﬁumb&‘ydveﬁge édolécuban b\&ﬁglﬂ QB/E:OI oflttiekey atives
ereo er and nor orn rre

vinylidene co}ﬂtg e§§ g'{sﬂﬁl {J@aﬁl %‘H@ﬁéﬁvﬁ"ﬁ&rﬂ% Frﬁ qﬁ‘b‘ #’Iﬁpﬁﬁ
derivatives oﬁbmgdLQﬂﬁd)O@nmowpte&tﬁﬂy froomt abdut momwnesﬁooem and most
5-ethylidene- élﬁ £ Qgrfptﬁﬂ Gbodt 38R0 hout 306,060.A8 tEsclibed Belowiffradow

V|nylcyclohex
molecular weight ethylene polymers, one class of which includes ultra-low molecular

weight interpolymers of ethylene and at least one vinylidene aromatic monomer

and/or hindered aliphatic or cycloaliphatic vinylidene monomer, may suitably be

employed in the practice of this invention, if not as the strength-lmpartmg component
~ of the formulation, then as tackifiers or modifiers. '

‘While preparing the substantially random interpolymers, as will be described
hereinafter, an amount of atactic vinylidene aromatic homopolymer may be formed due
to homopolymerization of the vinylidene aromatic monomer at elevated temperatures.
In geneial, the higher the polymerization temperature was, the higher is the amount of
homopolymer formed. The presence of vinylidene aromatic homopolymer is in general
not detrimental for the purposes of the present invention and may be tolerated. The

~ vinylidene aromatic homopolymer may be separated from the interpolymer, if desired,
by extraction techniques such as selective precipitation from solution with a non solvent
for either the interpolymer or the vinylidene aromatic homopolymer. For the purpose of

This Sheet Has Been Replaced -10-
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Thé interpolynmers of one or nore [err]-olefins and one or nore. _ o
rmonovi nyl | Wenes/®PYhat i ¢ nononers and/ or one or- nor ehi-nder e PCI/OSITASSIR--OF—— -
cycl oal i phatic’vinylidene nmononers enployed in the present invention are
substantially random pol yners., These interpolyners contain fromabout 1 to
about 65 nol e e presaat igyention it prefemed thatno merethan 20 weight prasantypreferablydess
hindered al i phfiih ¢5 Weight peRaht, Hidpé prefthbly Id ONEBRY perdadle;f

to about 99 nol e per grﬁtq{’eth ﬂl’ene.p\/.% m?klléesggfjmgslt antlggtrl y r_gyﬁmg&()ép,
i nt er pol ymer h‘ﬁ%‘gg'r?f*ﬁi’qtgpf’é&“? %WHE&FBF@‘MMQPPW%PM%t one
vinyl i dene aromati c nononer and/or hindered aliphatic or cycloaliphatic
vinylidene nononer , Thésubstahtiallyntanddth intefrotianers fiagtieahodiRéd by typié

fifing
crystalline c . - |V stem. \We he substantially random
it or pol yrer - H3ERGueRRid ShitRoREH, 6F ol tcaitons Vel ot oode St et
vi nyl i dene ar ckheipalymersanay beieadily sulfonated ed chlbripated tocprovide fmationaligedt ic . -
vi nyl i dene nonpeRhtivdsHe &‘dﬁ%‘t@ ' | nterpolymer will inpart an
el astoneri c char act‘ér t?) th agﬁg@?é\%dgg&gﬁ%&v%en;t'he 'substantial 'y random
i nt er pol yner has fr_ghm 2% to. 90 nole percent of the at |east one vinylidene:
aromati c nonomer ankhéTubsiaptistivaandom interpolymers arp prepsreddyyspalymerizing iacheixture
mononer, the ofipslydRérizable)mérntesin e Bre3eh o B mebilldcehd Bioh stiflnélf RS
character to t-hle?%.a hesi ve system V\heg t'he sutt)%tantiea- '-yor an o%@é o
I nt er pol yner i%mb? as the strength inparting conponent -of . an "adhesi ve,
the number average nol ecul ar wei ght (M) of these | nterpolyners is usually
greater than about TheGobstantiadlyaanduny irfterpolyatersitanhe(iépdred sdustribed3aQI$ 00,

rror e pr ef er abl golicaASe N0 348 A0 RN RPS 1900 BRSpdIRTHg B ALY - -

wei ght et hyl eQet 168 ioby JamesC. Steuens ebal..\Rteférradrapietating conditiand fowsueH ecul ar

wei ght interp blé% 6n dabii ﬁl‘égs #&ﬁ L _/ﬁmg S %D;H%; _
nononer and/ oiﬁ;i néﬁzraed al i 6?1&[-?60 orolgélsc :ogﬁ%ﬁﬁﬁé.ﬁwy | gar?ng noérg??onay
suitably be effFaAD t?’HP?rﬁ'é‘Piﬁ@?r%‘dePZtoﬁu% i nvention, if not as the
strengt h-inparting conponent of the formulation, then as tackifiers or = -
modi fiers. Wile piBxamplespfishitableitatalgsts and hethods fdaPrépaiag it wbBiatialy Wi | |

b Sescr b i g DMl P 10 AR R S
aromati ¢ nmonokeP. Applisation SeraliNg241 423, filed May 1% 1894;las wellmsfU.§hPateatse
pol yneri zat i 08 gs8nfags 9,?97,:33}5!;95}%%9%@75%%3?&[0%5 51525801 5018911 930 5337 68! Y ET

formed. The presence of Vi g/ e
5,347,024; 5,350,723; 5,374,696; and 5,399,635.

The substantially random a-olefin/vinylidene aromatic interpolymers can also
be prepared by the methods described by John G. Bradfute et al. (W. R. Grace & Co.)
in WO 95/32095; by R. B. Pannell (Exxon Chemical Patents, Inc.) in WO 94/00500;
and in Plastics Technology, p. 25 (September 1992).

The substantially random a-olefin/vinylidene aromatic interpolymers can also
be prepared by the methods described in JP 07/278230 employing compounds shown
by the general formula

Cpx R!
/ /
R3\ \ M
AN
sz/ R2
where (Cp' and Cp* are cyclopentadienyl groups, indenyl groups, fluorenyl-groups, or -
substituents of these, independently of each other; R' and R? are hydrogen atoms,
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“.'as. descri-bedi-n:

homopol ynmer is in general not detrinental for the purposes of the present *

‘I'nvent i onwoek/W8y betolrerated. The Vinyli dene” ar onat’i ¢ honpaiseesssgay be
separated fromthe interpolynmer, if desired, by extraction techni ques such
as selective precipitation fromsolution with a non solvent for either the

i nter pol ynmer halogehatoms; hydndearbom grovps withrarhamaiugmbers of 1512, dliloxyL RS, o?f
42903B 1 d

PCT/ USO7/ 15534 aryioxy! grou ?pssé?]n %n&igﬁtt?f of thch ".ﬂ}ség’p@gié AEeoub IV mptal preferably Zror 5,
wei ght per cerfif, mostpre t‘aehyzrse@gl%Haanakympgmumrsdm;ylm@mmmw-y
.less than 10 nmqultana@p?)ant based on the total weight of the interpolyners
of vinylidene aromatic honopolynmer is present. The substantially random

. | d-.b dr
Funet onal (31 g e SRiabls 8% 259 wibdbnga B o S ot et
fThe |to_ol yrrF_r s onay-blefiniviyil hwmﬁdﬁﬁﬁt@dn@ﬁc/?MIéﬁn ﬂ&&h@?ﬁéﬁe @ﬁt@fﬁoﬁ@rﬁ{s
unctional i z v es ec ni.qUES e
subst anti al | %grtgw f?ﬁ%@% tg’ {5‘ ﬂeﬁl@t‘hpeﬁ‘f‘xt ure

of pol yrer i zalolse. Himmgmls apppamnpheslmmealcsfnﬁmang:t 431&&444 25rppapaat 3&H-ned

e foset bad L ygie SRR Adlor poitt i BHARANE 4 kI TRAR 38 3hpn? 7565

(correspondi rP&’tP’(Sté experiment indiestes thatthe signals inthechemical shlﬁ’u‘m‘ilm red

operating cor49|751.4m§5 afemBthis 4rkd; [ rom
‘at nospheric ug ’ clg?é)é)@at nospher es (éﬂgéﬁ&wﬂgkléaxﬁgﬁPéﬁ@b% g{nﬁsrdg@g%gjr%ﬁ%mfe

-30[err]C to Mxanpl es of . suitable catal ysts and met hods for
—preparing the:substanti-al ly:random::nterpolyners: are. di.scl osed in
- EP- A- 416, 815;- - EP- An bidér & dsterting\thie2@rbon213 NMR chipsicalGhiftsof tgei al

241,523, fil 505 057 475:
5, 096, 867: Iﬁ%‘é’i‘%’é‘%&’ ﬁ%’?"?@@ ﬁ@kﬁéﬁgﬁ"gﬁ)@ﬁg &'66’ F’f‘P’?g? gﬁ

. 5,350, 723; 5Weight pewentpelymersobitionss prepared b 8 raikturebdingisting 0550 volume |
- | efi npicat 1 FhIE by the -
*hot hbde ﬁe's?,u ‘jmﬁ‘ﬁn 3 bgbﬁ“‘ﬁé 35 ;Ev&@%eﬁgm‘?’%"%?m o
. 95/ 32095; by“ﬁ ) 1 >£ phenasnep %Jectmmﬁcqmred@t@m‘tﬁmOO
~and in Pl ast usia Iﬁ@n’mwée(ymd decouplingSe e, el 901?%%?5% wﬂﬂxeaxﬂlbt}ﬁils'é”ﬁdla%] oY

random [err] T%g oﬂdé’ x¥1|01"ed “fie s%ec maz;[rle fe er%}lgedato the 1solated 1 etﬁylene signal of
the polymer assigned at 30.000 ppm.

It is believed that these new signals are due to sequences involving two head-
~ to-tail vinyl aromatic monomer preceded and followed by at least one o-

olefininsertion, for example an ethylene/styrene/styrene/ethylene tetradwherein the
styrene monomer insertions of said tetrads occur exclusively in a 1,2 (head to tail)
manner. It is understood by one skilled in the art that for such tetrads involving a
vinyl aromatic monomer other than styrene and an c-olefin other than ethylene that
the ethylene/vinyl aromatic monomer/vinyl aromatic monomer/ethylene tetrad will
give rise to similar carbon-13 NMR peaks but with slightly different chemical shifts.

These interpolymers are prepared by conducting the polymerization at
temperatures of from about -30°C to about 250°C in the presence of such catalysts as
those represented by the formula



be. -prepar ed. by the nethods descri bed in JP 07/ 278230 enpl oyi unds
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tEr ]fre times 2 2@11&@@@5 e dzﬁb ehsidrmmsﬂ Thmmwt@mﬂpnﬁnefmﬁlyﬁmhem?( slsdut
shift range eci eaks are
observed at 4429 mops pEe %@f%@ lptBr‘F?m% @r??f'g‘ﬁ‘?res ﬁg?'gi%fetﬂd,@rﬁ' Y2di cat es
‘that the signaltegethericam be by hyidradartiyl substituded 1,3-tiadiene2t isdrord; endret hi ne
carbons and th yl ons.
E-orderto-olBpYRE, ut Prelehbuy 8 Rredback ofn SRR BedR Ry PaRFu S,

i nt er pol yner s, suitablé swbstituterdicyslopsstadienyl groupcionlude thess illustrated by sheformnlz: i ve
to ten wei ght percent polymer -solution is prepared in a mxture consisting
~of 50 volune percent 1,1,2,2-tetrachl.oroethane{®y and 50 vol ume percent
0.10 nolar chromiumtri s(acetyl acet onat e) AMNY, 2, 4-tri chl or obenzene. NWR
“spectra-areracquiredr-at—-130ferr}C using @ erse gat ed decoupling
sequence, --a -90f err]- -pul-se wi dth and-a pu Bl ay of five seconds or nore.
The spectra-are referenced to the isol ated—met hyl ene si-gnal of the pol ymer
assi gned-at. 30.-000 ppm.. is believed that these new signals are due to

sequences i NVOhyteRdn kith R‘i’é‘ﬁrdeﬁéixd&ﬁlg} eumicuﬁémpm Hydl‘Bﬂ@BﬂI silhgaér]atyh o

Pyt oo sty oS RRRbRebR VS S 8 s | Bl

insertio ns of praferabiyt fromid mcabuut Hxaarbai orssiljconatamsl o Awo R groups mgthe}r form a

Vol vi ng a vi Ao dafeeb o Rcspil. Bretéiably R Mdepbiithu Ghekioteli rﬁ%’{ &in

ot her than et hyinghiding where appropriate all isomers) hydrogen, methyl, ethyl, propyl butyl,
pentyl, hexyl, benzyl, phenyl or silyl or (where appropriate) two such R groups are
linked together forming a fused ring system such as indenyl, fluorenyl,
tetrahydroindenyl, tetrahydrofluorenyl, or octahydrofluorenyl.

Particularly preferred catalysts include, for example, racemic-
(dimethylsilanediyl(2-methyl-4-phenylindenyl))zirconium dichloride, racemic-
(dimethylsilanediyl(2-methyl-4-phenyl-indenyl))zirconium 1,4-diphenyl-1,3-
butadiene, racemic-(dimethylsilanediyl(2-methyl-4-phenylindenyl))zirconium di-C1-4
alkyl, racemic-(dimethylsilanediyl(2-methyl-4-phenylindenyl))zirconium di-C1.4
alkoxide, or any combination thereof.

Further preparative methods for the substantially random interpolymer have
* been described in the literature. Longo and Grassi (Makromol. Chem., Volume 191,
pages 2387 to 2396 [1990]) and D’ Anniello et al. (Journal of Applied Polymer
Science, Volume 58, pages 1701-1706 [1995]) reported the use of a catalytic system
" based on methylalumoxane (MAO) and cyclopentadienyltitanium trichloride
~... (CpTiCl,) to prepare an ethylene-styrene copolymer. Xu and Lin (Polymer Preprints,
Am.Chem.Soc..Div. Polym. Chem.) Volume 35, pages 686,687 [1994]) have reported
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cycl opent.adi RHGHWisE 8THEotRuoi ROl RS ZAtion| RIQGess: t 18R qopupyRUSPERGeSS: sthylene, |

W_h_ler ﬁig eac mﬁ&mrmﬁmh Bili)dr?ler_ adiiiepstlaliphatic ﬁnyﬁﬂenbnd{)m,%xﬂ,sol\?ent o

si | ahydr ocar or.. roca Si nt ai ni.ng up tq.about ref erably
from1 to abButhegP Pb?@#&ﬁﬁ{%ﬁ‘?‘&ﬁﬁi‘i%n%g{ﬁfgfﬁ‘aewﬁxsw@f’ﬁ con
atons or twothRreactiop zoneansk podyménproduct dontiriuensly demovedttherefrad. such group.”
..Preferably, R independently each occurrence is (including where appropriate -
al | isomers) hydrbygsmeralthegubstastialiy randewyigpterpalymen mayoeapalymetizsdat, benzyl

~ phenyl or si édﬁ'ditﬂ:fnséf&\*usﬁge FlerlNatta Bt K%ﬁﬂskws}nﬁ%@ g@ﬁ&%&f rPeSctidnd 4@ is,

together formng a ring .system such as _ i nde . fluaor .,
t et r ahydr oi HEaHGT preﬁwwgﬂoubﬂwl}mwf%é@ﬂﬁwawwggﬂwa)pa?@i cularly
- F{j?f er Le? C F\l‘eﬁétgfp‘ieiﬁl 2 ﬁﬁilll tZﬁé?]lW%T_ﬁblg,-BO‘lﬁE £DO0°C. Preferably, me reactor
" (di'met hyl si | anedi -.ret - 4-nhe en zZi um.di chl gri

facemc- (di WEPE#%‘H‘_‘_&H@’&#?W?-% ﬁi/d c E’%?%\X)ﬁ"-‘? :\@‘g’?y‘f’;%"@i @c"&ﬁi%%‘?fably
1, 4- di phenyl ﬁ'dmC{OO_Bﬂltadﬁ_Qﬁ&;- with temperatures at the hi_gher end of the_ range, _that is, _

racem c- (di nphiyl $ive@pfediey iHaft 108 Yivofing Mo Rk RS W 10Wéd a6 RBkIH Wightl er 1]

' polymers. Polymerizations at temperatures above the autopolymerization temperature
of the respective monomers may result in the formation of some amounts of
homopolymer polymerization products resulting from free radical polymerization.

In the case of a slurry polymerization process, the substantially random
interpolymer may use the catalysts as described above as supported in an inert
support, such as silica. As a practical limitation, slurry polymerizations take place in
liquid diluents in which the polymer product is substantially insoluble. Preferably, the

- diluent for slurry polymerization is one or more hydrocarbons with less than 5 carbon
atoms. If desired, saturated hydrocarbons such as ethane, propane or butane may be
used in whole or part as the diluent. Likewise the o-olefin monomer or a mixture of -
different o-olefin monomers may be used in whole or in part as the diluent. Most
preferably the diluent comprises in at least major part the monomer or monomers to
be polymerized. ' - | |

The glass transition temperature of substantially random interpolymers
increases as the mole percent of the vinylidene aromatic comonomer or hindered
aliphatic vinylidene comonomer increases. This suggests that by controlling the
content of the vinylidene aromatic comonomer or hindered aliphatic vinylidene
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-nunber 5, 244, QS‘gﬁyl ssuecltn%H tsu et rochem:ca st re négl%ﬁﬁe Cn

pol yneri zati on adhgsive sysiem, Thossskilled in ghe art wil Tegpgyizs,tha tihe incorparatien of
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a batchwi se or a continu 0 rization process. In a. continhuous
process, ethyl éﬁ@?emg‘aﬁﬂg’s%g%gb%noner or hi nder ed aI i phat ic

vi nyl i dene nononer, oﬁt"ﬁq ol vent _an E ti,0 1 en r nat-e
third nononer are c sq & t§ %g’fts%ﬁnez h?S’OIymsr
product cont i nunbsthgtiallynandain ttttenpelynmn when gmmpqsit;oxt ﬁmmﬂaglassrmiﬁop
random i nt er pol vy oP 5t 1B IBE! 2§ 1@%%&&%&#59%&& Z%sﬁ%%atlﬁ?éta or

Kani nsky- Si nn typEémE[Fxmarl zation reac rea or pr essur es
rangi ng from atmmzmmmms,amlm Sstek or
tenmperature wld, gfl}%ﬁitﬁfl'c'oﬁlgkﬁ@e be'1048 ok istahfially ?aﬂesﬁriﬁﬂeﬁ»olthefﬁm lidhst bree

react or tenperat reater than 80[erT]C, typically from 100[err]C
to 200[err]C, éﬁﬁ“ﬁ?’eferably from 100[err]C to 150[err]C, w th tenperatures

07 o1 1€ Pavoring + S PEAHRRES i o bR BEAR G s FR adclfton

Pol yrrer i zat i onshasdd ¢mnpmtaﬁnmsefubﬂometﬁeeglmsmapmhynmmmmmﬁtherper ature
substantially random polymer by at least 5°C and/or to impart tack to a hot melt
adhesive which comprises the substantially random interpolymer. ASTM D-
1878-61T defines tack as "the property of a material which enables it to form a
bond of measurable strength immediately on contact with another surface."

d.s S

Tackifying resins are obtained by the polymerization of petroleum and

terpene feedstreams and from the derivatization of wood, gum, and tall oil
“rosin. Several classes of tackifiers include wood rosin, tall oil and tall oil

derivatives, cyclopentadiene derivatives, such as are described in United
Kingdom patent application GB 2,032,439A. Other classes of tackifiers
include aliphatic C4 resins, polyterpene resins, hydrogenated resins, mixed
aliphatic-aromatic resins, rosin esters, natural and synthetic terpenes, terpene-
phenolics, and hydrogenated rosin esters.

Rosin is a sold material that occurs naturally in the oleo rosin of pine
trees and typically is derived from the oleo resinous exudate of the living tree,
from aged stumps and from tall oil produced as a by-product of kraft paper
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pol ymeri zation. In the case of a slurry polynerization process, the
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at omts)'. ol f '(Cjie_sil&sﬁn'lv&ﬁétwnatdigé i&/ﬁ?ﬁséagmlewt fcal:’(\l%eﬁk B@?ﬁno&lﬁ@@,]élﬂel 0][_ but ane
-‘may be used i,n whol e or s .t.he uent,. ewi-se .the [ercr]-olefin
NDNOMEr .or. aﬂ}ﬁﬁgnpﬂrog eatprsgﬂafrfqog yfiic plep} ?ls’cﬂng%bﬁﬁ%ﬁﬁpged@"ﬁé thSed in
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transition tg%gﬁgﬁﬁﬁgﬁsgﬁggn t?%ﬁ%%%“ﬁ%f@%ﬁ%&é@gﬁcr eases as
t he nol e per blentingftechniquesn Represerdativesxamples obsushaosin denivativesiinchuleal i phat i ¢
Vinyli dene CoEanauRL-ifiereastan b s SHAGESLS t By caniialling the
content of tﬂe v%r}tbdene&imtoﬁég%ﬁg’?éé&oég% %‘ﬁ%‘rx el a{h%éﬁgt I C
vitnyli dene .-14-" WO 98/ AQOLT C iy L L L e s S .
PCT/ US97/ 15534 com¥RBwiay aiphaticapsinsinclude those ayailahle pndenthe fradeesi ve system
I'n particul ?ﬂesigﬂldﬁti)haﬁké(ﬁbizé Pieg@iwrﬂemmlﬁése»:,av?fgﬁwm, m_iafd@?,yrfér' S',T e f
“conprising from €SS 001 e, percent styrene ave a Tg of
from appr oxi_hﬂ'&f’?ﬁ’ J{%&t‘%ﬁ Z%feﬂ@la&g%mqnﬁwsﬂﬁwm%ylene/ styrene
“i nt er pol-yrrer available uslen theftradmdbsignations Nitea®Bf) PRGolytd™, Wingtack™ st yrene wi | |
et hyl ene/-st-y-r-zgﬁ%glk-n.f-g_{rcbg%ras- gyaﬁoggéﬁ%‘g%g%ing udg?lgo(??\?p%[@%eﬁgde%\d Il have a
Tg of appr oxtheerasieydesignatignyEscore™, dickon™ Cleaont", gts: &ixemplaty myixedd f f er ent i al
of ot hylene. pfitoigfomAic el Hiide thode dallite RIS e Bide RbiGiAnS Cered”
. aliphatic-vi %WEEEMM __y_’bggﬁ Preg ™ aNoBgtenenaYs t acki f i er
' ccﬁrrpohﬁnt ~ of Mdigkearer E$MmﬂM,minf5he%V$ih'ﬁiabléﬁ, lett. tﬂtm]m-ﬁcuxﬁxrly:c . recogn: Ize
. that the incorporation oMEr s, . such as other rr]- ns, W
give rise t oPtsrranein o tedkA R IRTRES e imndi s lkod iyihe RBiEeBE: [or
above. |n adavilable fromzdcronles| Othentackifiers maybeishploged, providedrtbeieareont ent  of
the compatible with the homogeneous linear or substantially linear ethylene/at-

olefin interpolymer and the optional plasticizer.

_ A suitable tackifier may be selected on the basis of the criteria outlined
by Hercules in J. Simons, Adhesives Age, “The HMDA Concept: A New
Method for Selection of Resins”, November 1996. This reference discusses the
importance of the polarity and molecular weight of the resin in determining
compatibility with the polymer. For the substantially random interpolymers
useful in the practice of the claimed invention, low molecular weight polar
resins are indicated to be preferred.

The tackifier(s) will typically be present in the composition of the
invention in an amount of at least 10, typically at least 20 weight percent. The
tackifier(s) will be present in an amount of no more than 90, preferably no more
than 75, and most preferably no more than 70 weight percent.

In the case of substantially random interpolyiners of at least one a-
olefin and a monovinylidene aromatic monomer, preferred tackifiers will have
some degree of aromatic character to promote compatibility, particularly in the
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rosin. Sever al 339 avsitabld frbmPérénled,s | ncl ude wood rosin, tall oil and tall
oi | derivatives, cyclopentadlene derivatives, such as are described in

Uni ted Ki ngdom pate i on, GB 2, 032, 439A. Ocher cl asses of
. .tackifiers include QI‘T‘B&E{! 16 1S &N AWeEXpEG sqcdaiedhwi H?émégh‘-hat ed
‘resins, m xed glasythasitiondenpetiuee oasmtanﬁﬂry ﬁn&@heﬁ Y ad@itfbn
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Syn et [C t et DR Smb AR O Bl e ?%ff*?%dﬁlﬁgfﬁ@%rw‘ﬁze@msof i ne
trees and typi@uyKges the glass transitiorolemperaturk ducreass, bub the tensiléastrength t he | i vi ng

tree, from agegcrbuRRitita bodlpbitihg Bbdredde B HORZaAR 4 bRAKPRAINE, Of Kraft
paper  WO'98/10017

'PCT/ US97/ 1553 4hpaRmodified substaytially randoms ingsspelymet- Adthongl this effect holilsed by
hydrogenat i on, u@ﬂwﬁﬁm‘:gﬁﬁdomh&wyﬁé&'lﬁﬁné%ﬂﬁ ighrindiBwepN1d Ot her

ost treatnen ocesses 0 cal | umrosin, a wood
E05| n, or as M“P"me‘? ﬁ’e\ﬁﬁe propgunce %’ﬁpgé“n#g’mférl als can

be used unnodiifiteepblymersthavingdrom 45 - 65 tweight percen ofthiélmogovin f:ﬁ&&ﬂes and can

| h
Patori oS ar o SORARY %Fﬁ%@@@@w@ﬁ%a%i‘ ¢ e g FrsBierk Sunoo: ve
conposi ti ons ‘b pupstantintiv rand gmenum@ymwha"mmnmmm astdxpectedanpl es of
such rosin_ deTb IR, Wikl #0% RBRLARF Welliht bitcS3iRicadtba lekh ! oum

n, wood ro , or~m xtur
rosi e astomergc solid, tlill ? ow molecular weight material dilutes the polymer

network which leads to tensile strength and elongation at break which are less
than those of the polymer alone.

Improved tensile strength has value in a2 number of applications, such as
“adhesives, elastomeric film applications, automotive parts, wire and cable
jacketing, durable goods (such as appliances), gaskets, and shoe soles.

For instance, in the case of adhesive formulations, it has been found that
when the glass transition temperature of the substantially random interpolymer
is less than -20°C, the composition exhibits poor peel strength and tack.
However, by raising the glass transition temperature to 0°C by addition of 2
tackifier increases the peel strength of the formulation.

. Inthe case of improved resistance to blocking, it is desirable to avoid
bonding together or blocking of polymer pellets during transportation and
storage. Thus, utilizing the compositions of the invention which comprise a
substantially random interpolymer and a tackifier, such that the glass transition
temperature is above the temperature during transportation and storage, will
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.an.-anount—of - no. ndrogessingraids) whi nb@rgfmqim&mhaﬂam&mmmst :

r ef er abl f bstanti al |

P y ’}%Oqﬁﬁmyner gﬂﬁvﬂleﬁ% WSl theRAScoSiB) ?fz*éb é‘ucﬂ as all y

random i nt er t one a-."o m)now nyli dene

Y, ea _
_ aromatic norRdhesive, FWMF&%W“&%’M Flmﬁmﬂ @Bllﬁ;e‘ﬂ'égﬂ"é@ Wyl ar onatic
" gc]:?; 3&; g; 1}3 3}%4 ﬂii@t&tﬁﬁffﬁiﬁsﬁhhﬂaﬁ?lxﬂﬁhﬁl Ixmpmne:hbanda&mh atic VO 38/ %0017
se ubstantiall ran om. i nt er pol yners_havyi a hig
. content of tcﬁlé‘ﬁ%d ?fﬁf?‘ﬁ @ shame ‘Bﬂé “ﬁ%“g%qu}ﬂ‘f,}'{,ﬁ“ P‘%‘Eﬂcator
- conpati bl e tfeedstdcksrs are t hose WhICh are also known to be conpatible with
~ et hyl ene/ vi nyl

Exemplary classes of oils useful as processing aids include white
mineral oil (such as Kaydol™ oil (available from Witco), and Shellflex™ 371
naphthenic oil (available from Shell Oil Company). Another suitable oil is
Tuflo™ oil (available from Lyondell).

When a prdcessing aid is employed, it will be present in the
composition of the invention in an amount of at least 5 percent. The processing
aid will typically be present in an amount of no more than 60, preferably no

- more than 30, and most preferably no more than 20 weight percent.

The compositioh comprising the substantially random interpolymer of
ethylene and at least one vinylidene aromatic monomer or hindered aliphatic
' vinylidene monomer, and optional C3-Cyq a-olefin, may be optionally
modified by the inclusion of an extending or modifying composition.
Exemplary extending or modifying compositions include paraffinic wax,
crystalline polyethylene wax, and/or a homogeneous linear or substantxally
linear ethylene/a-olefin mterpolymer . ' ~
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acetate having 28 wei ght percent vinyl acetate. Particularly suitable
¢l asses ofWOSBRMTers i ncl ude Wngtack[err] 86 and Her cotacPEAYSITASHI4 - -
"Eastman H'130, and styrene/[err]-nethyl styrene tackifiers. Another

preferred tackifier.is . .Pigcotex 7 re nonomner rocar bon resin having
a glass transiti oni'f gﬁﬁ" ‘%99[05 ﬁ@vm%%ﬁmml es. It is
noted that thﬁﬁmogeheeﬁs lumxf peaihsﬁnhdﬂgetm&araﬂgmiem-eléﬁmmt:e magge gl ass
tran5|t|onterroer ture o er po addi tion
of a conpati bFER 8&%@9’&@%@?9@3 °dé§??3§f‘l F‘éeﬁogw?%ﬁs@r Butilized,
not only does hbmeggieasslmeaanssuhstannalbnbmeﬂlykmMDleﬁnantemolymére tensile
strength |ncr g,?ﬁﬂ (TR gg&{l n at break,
rTelative to t %ﬁgﬁlﬁ% 3 ?ngf]fld?&ln om é#eﬂdﬁé/gn%rgﬂaﬁﬁt hough this. .
ef fect hol ds mrunoaimnwbgsﬂrﬁﬁpmmnyonmmqsm%lbm 1rgndemi ng both a -
hi gher and Ionﬁérﬁs mmmmratlﬁgﬂ Ecﬁﬁéﬁﬁhnd&ﬂﬁbvd)ﬂl@m%ﬁd for
ra

‘substantially dom_i nt e aying from4 wej ght percent of ~
t he monovi nyl megpls gf mgﬂﬁg‘q’ﬁ?’hﬂ’é esmmnseswmwﬂ I[dOEh are the

nost el ast omm@a&ﬂehwmmﬁsanbwatﬁyng@mm interpolymers.. This is
contrary to what is expected, for typ| cal | y, when a | ow nol ecul ar wei ght

“brittie solid i- th lar weight
mterial dilutes (AEE ﬁs&*\?ﬁ%’r’l" F B fbetan Bty tinde? BunyieiePREH 21 1 N

el ongat i on at interpalymen iscan chjelemfepdymhaprepmé esiog atsinglesitey singlesiiterte.

| mpr oved te”SHeFall%E&Fe“&tQ?%?% ?&xﬂﬁain@dgeémgﬁféaﬂ&sta theddPns, such as

adhesi ves, el astoneri ¢ I catl on autonot arts, wire and cable

jacketing, duh@b?&ef@%dbls(@@é %WWM)S ragdepixn distribwied srithin 80| es.  For

instance, in pien o%@ﬁmﬁduv@aﬁmw&ﬁﬁawmme hispbRaterf ound -t hat When

t he gl ass trans I on te eratur substanti gl rapdom j nt er pol yner
1 0°1 5a°T han' molseulet peve e s pijw neloamoBRREL e LS I BHSTBPBEIG: b and

tgg k. Hovve}/er'rhé)msmnsmng pbﬁeoﬁimehmﬂﬁemdsﬁbmﬁmmlﬁlehﬂetﬁﬂleﬁé] C by
addition of a ation. In
t he case of |?ﬁﬁ{5\7 esrfjgcfegﬁaggﬁetsdéng% ﬁ(ﬂﬁrtas&gémﬁxgg?r 5v0| d

bondi ng t oget melecular ieighk decyeasks. poweresr, Hedmw@gmwndm&powhmaon and
storage. Thusy |e5ﬁsrr}§h ggack %Pﬁxaﬁ conprise a
substantial |y ran#om [ l%%%e@ﬁgﬁég ta | er 1 ?&(sgﬁét Etge gl ass
transition temepﬁp@iwer%hm/% ensity geaetss than f lhﬂ%lﬁmel‘satlon and
storage, W ||typikally do not additionally have a distinct lower temperaxure melting peak.

Homogeneous linear and substantially linear interpolymers useful in
the invention further differ from low density polyethylene prepared in a high
pressure process. In one regard, whereas low density polyethylene is an -

- ethylene homopolymer having a density of from 0.900 to 0.935 g/cm3, the
homogeneous linear and substantially linear interpolymers useful in the
invention require the presence of a comonomer to reduce the density to the
range of from 0.900 to 0.935 g/cm3.

The homogeneous linear and substantially linear interpolymers useful
in the invention are typically characterized as having a narrow molecular
weight distribution (My/Mp). For the linear and substantially linear
interpolymers, the My/My, is typlcally from 1.5 to 2.5, preferably from 1.810
2.2,

In addition or in the alternative, the bomogeﬁeity of the polymer may
be described by the SCBDI (Short Chain Branching Distribution Index) or’
CDBI (Composition Distribution Breadth Index), which are defined as the
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.i ncr ease woos/gdory f ness of the polyner~pelTets,; and W 1T T epcrisermssss '
resi stance to deformation during transportati on and storage. |n another
enbodi ment, pellets of a substantially randominterpal ymer may be coated
with a tacki fsveight percentaxfitie polymer moleculesharing a oonosiiomér content within t he
substanti al | ' Emh%{&f iy | § A K} bl ocki ng.
The conposi tlgghgﬁg&qfﬁgéﬁnvent [ onmﬁﬁ?gﬁﬁg@ﬁ%érﬁégwg{'@:ﬁﬁg 8f/jvlgl | find -

further util pelymenistsadily caleulated fromdaipebtaingd fromstechmiques known d thet o

ot t . _ . HOW na o

over ﬁeebf8%@?@%@?@&?@2&%’%&9&9@ Rabitanioh BbRRRYALE, D D0°T 9Y
This occurs herein asdRH abé”h{%’aﬁsﬂeﬁ‘Fféh?dt.@ﬁﬁmlef@Wﬂdﬁ%ﬁﬂmf’f- 20 to -
ransi tion { FoluictiSaRaLs, Polys PRys. B, VEL 2 361 (RSOR LR, Ratend Ol Sari ety of
'structures, g%ﬁ»"gi?ﬁa@mﬁmﬁ&m %S&@Fhﬁéﬁggﬁbﬁ?&hﬁ; %l so refer?/ed
t? herein a_s'S_{)‘,Bmtdr(ﬂ]%BFﬁ)rﬁw}Emngenm\!s' hedws|lingarend \sthm 24 ﬁaﬁyﬂiﬁﬁz:rtc]el t[le Vi scoai ty
of a conposi j,on ve,.. and | it es_ such as
di oct yl rrght i EBaly R #@3’88@3?@%&% Eﬁegeralﬂggﬁegﬁer%@ Rerent J0tE o

and par af f i nprefierpblyigredter thani7Gpercent; with SCBDIstand CRBK of greapertthar 20im- - - e

refining, anpfkk&lﬂeglg&gfyﬁﬁm rosin or petrol eum f eedst ocks.” Exenpl ary

cl asses of ofl's use processing aids i'nclude white mineral oil (such
as Kaydol [err] oil_(avail ?bl.e from Wtco), and Shellflex[err] 371 R
napht heni ¢ oi | ( avaybstantally linear sphylene dnterpolymyas g1e homagepeoussyi table oil is

Tuf Lol er ] oistexbalymickshivend loagchafbaicling. Wit heyreeesofiichiony s =~
enpl oyed, it w.ll:

J 1 be present I n. the. conposi-tion of--the .nyention i n--ah- S
amount of at °‘Paé%§{a“§h‘§§r%@ﬁ‘@“@k&“&?ﬁ?@%ﬁﬁ“ﬁ?ﬁ‘%ﬂ%a’? lly be present
i n an anount chdracterizedras having aGficlt flowiration@ (y17)owhich may bavaidél and nost _
~ preferably n € | ' “Rerl t . kL] rising the
- Dlbstanti ui 1 §opRbshity B 88 8Bty il slao RS e RGHEF) . D\ e
 aromatic nonwweight distritrution Mel/Mhi Fhistfeaurri agpords substantiallintincar gthylesgt i onal
_ C3£ 028, a- ol eﬁbl@me%f , 'tE‘ilﬁ@idéMt _Aﬁpra&ggEx afbnf@l despi&t%ahad_ edxﬁske.nmgf can
ext endi ng or” npdi f.yi conposi tion. Ex ar endi ng .or npdi fying

conposi ti onsW@ﬂ%%ﬁ%@?ﬁ@@Mﬂﬁﬁeﬁ¥ HYMERES wax, and/or a
hormogeneous kmnphyed i thepoatisadt theligvention, such interpolymer will be

characterized as having an interpolymer backbone substituted with from 0.1 to

3 long chain branches per 1000 carbons. ' '

Methods for determining the amount of long chain branching present,
both qualitatively and quantitatively, are known in the art. For qualitative
methods for determining the presence of long chain branching, see, for.
example, U.S. Patent Nos. 5,272,236 and 5,278,272. As set forth therein, a gas
extrusion rheometer (GER) may be used to determine the rheological
processing index (PI), the critical shear rate at the onset of surface melt fracture,
and the critical shear stress at the onset of gross melt fracture, which in turn
indicate the presence or absence of long chain branching as set forth below.

For quantitative methods for determining the presence of long chain
branching, see, for example, U.S. Patent Nos. 5,272,236 and 5,278,272;
Randall (Rev. Macromol. Chem. Phys., C29 (2&3), p. 285-297), which

- discusses the measurement of long chain branching using 13C nuclear magnetic
resonance spectroscopy, Zimm, G.H. and Stockmayer, W.H., J. Chem. Phys.,-
17, 1301 (1949); and Rudin, A., Modern Methods of Polymer Characterization,
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agheSI ve Corp“tsﬁegil_ﬁ%uﬁiﬂbﬁﬂﬁdﬂmlb?’wmﬂﬁmU&hﬁﬁﬁ?'a{ﬂﬁrow?&h hogq4 a low .
st yrene -conten e -ho us-| i.near, -or ant i i.near

et Kyl ene/ [ er r | CQAfEReRce: ?ﬁ@gﬁﬁ&f &ﬂﬁ“‘@!ﬁ’g 3 GLrOSEORY-SQREisi ng a

single site, ﬂ?MESS)SmStm&|mmﬁpr&nﬁdﬂdademmmgshﬂﬂmwmmtry
catalyst. By t honogegnaus . i.s neant tf B%lﬂciom)ﬁomer s
random y distr# g °5q %Prﬁﬁw oRg % Bubst anti al | y
all of the i ntmbptah;mtky lmcﬂrcﬂxyﬂmpblmmrshmlmnmﬂm deGrontdnd@imm feund at i o

i thin that el i near and

' '--\sMubs!t antiall yn{hg{r’]glgﬂge%ﬁ eL %%% ﬁg@%oa&eagyas%h ns: ty

decr eases and/ml}'m@l'ﬁtwei/ﬂi?d) @gmﬂemehm@mmmd@gmgmmver,

unl-i ke het er ogt3egiRPO! ymer's,” when a honogeneous pol ymer has a melting
peak greater than 11 5[err]C (such as is the case of polyners having a

density greater ‘thap, 0,940 g/cnB)., such r pi ca 0 not
additi onal | y -have= aﬁlﬁ? bemggeneoys linear gf é@ ﬁ%ﬂ% %@é?gl%ﬁ‘ﬂgé’ﬁéﬂus
:c in eﬁr a 3 df ? u bis]teipélyﬁiek uf ethylene \mhtat lerasl q&mﬁl $Cug efolefin. nEkdsxnpllam/@@-tGm
rther differ | re
‘ Cinelde pEAIGRE, RObHSIeR; Ehinsht 1 q@feﬁf%"eé Han VL EReRhe 3

‘process. In on%‘

honopol yner hahamgmantbh@pteyeoi’relfmd 0360 oc—oleﬁn%!s !{#dnl[lﬁﬁne} l-henexe 4-
homogeneous | | e 30stnfedBS1-REbkaY, bifd 1dRRaE, bleGrbrekabIP! -Bedtnlabll 1Ldttdrec

I nvention require the presenc ‘a conononer -t redu e the-density to the
range of from 0. 900Th@h9m8§éxe%§n§ear$h§w§%ﬁﬂ mehbﬁtﬁ pamnerma further

substantially linear interpol S u I n the | nve ret |caII
characteri zed Besaminigrag! Y&“’ﬁ&f%"%l‘éﬁﬁﬁ&wm‘e& Ca Srolefin,  and a non-Ynjugated

diene having from 6 to 15 carbon atoms. Representative examples of suitable non-

-AI

conjugated dienes include:

(a) Straight chain acyclic dienes such as 1,4-hexadiene; 1,5-heptadiene; and 1,6-
octadiene;

(b)  Branched chain acyclic dienes such as 5-methyl-1,4-hexadiene; 3,7—dimethyl- :
1,6-octadiene; and 3,7-dimethyl-1,7-octadiene;

(©) Single ring alicyclic dienes such as 4-vinylcyclohexene; 1-allyl-4-
isopropylidene cyclohexane; 3-allylcyclopentene; 4-allylcyclohexene; and 1-
isopropenyl-4—butenylcyclohexene;

(d)  Multi-ring alicyclic fused and bridged ring dienes such as dicyclopentadiene;
alkenyl, alkylidene, cycloalkenyl, and cycloalkylidene norbornenes, such as 5-
methylene-2-norbornene; 5-methylene-6-methyl-2-norbornene; 5-methylene-
6,6-dimethyl-2-norbornene; 5-propenyl-2-norbornene; 5-(3-cyclopentcny1)-2-
norbornene; 5-ethylidene-2-norbornene; 5-cyclohexylidene-2-norbornene; etc.

The preferred non-conjugated dienes are selected from the group consisting of
1,4-hexadiene; dicyclopentadiene; 5-ethylidene-2-norbomene; 5-methylené-2-
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el th distribution (Mv MY). For the linear and substantially i near *

~interpolyrigoosibdi® MV Mh is typically from1.5 to 2.5, prefecaipsynfsssym 1.8
to 2.2. I.n addition or in the alternative, the honbgeneity of the pol yner
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1Bnd most preferablytfrom
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preferably. gr
percent, with

‘?%QB? e R 50010 ) 0 I LT Bl i S 0 1

_attained... .Substhylenesi-blefiniinterpolymedry having a numbgodverage snaleanldronsigitneous . -
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chai n branchi %%?%%gf@rw?&wﬁm??éﬁggﬁel?%}@%l P‘%Per pol'ynmers are further '
characterized as hawngarrelt flo tio err]/l err]) which may be
varied i ndependentl’;’i"m"gﬁ‘l‘ﬁ?" g?fizﬁ 9‘3"9' -olghin inteipplympezsimay os t he
--pol-ecul-af--wei @Bbrepasddris po@ﬁnéﬁiaﬁhn fdtksseé (uthiag dasceibed by Bidtod it i al Iy

li-near. .et- hyl el

narr ow nol ecuwxgﬁ@d’%f}”"ﬁmqegﬂ’ W%gﬁg‘ﬁlosghg‘i &ﬁsgabl : ts?/nceigfpiat ﬁy?ene )

i nt er pol ymer
__|nterpolyner
“substituted

distrébgtiony dnl hisrpolymerration pmeessf Elston usas/miuble Nanagliurh

oo BB ikl i, b B

<Met hods for d@etectiemicr) Gompanysud Exyen Cbﬁgxcetﬁtpmpwdmnw goreadledt | bot h
qua' i.tatively  ppf Gidaatalystbystinsito mMdlR polaets hivihg & hdhdogerdedus fikédri t ati ve

- structure. Homogeneous linear eﬂ;ylene/a-oleﬁn interpolymers are currently

available from Mitsui Petrochemical Company under the tradename "Tafmer"
and from Exxon Chemical Company under the tradename "Exact".

Substantially linear ethylene/a-olefin intexpolymers are available from The
Dow Chemical Company as Affinity™ polyolefin plastomers.

In another embodiment, ultra-low molecular weight ethylene polymers
may be employed as an extending or modifying coniposition. Ultra-low
molecular weight ethylene polymers are disclosed and claimed in PCT
Application WO 97/26287.

Ultra-low molecular weight polymers employed will be either ethylene
homopolymers or interpolymers of ethylene and a comonomer selected from
the group consisting of C3-Coq a-oleﬁns, styrene, alkyl-substituted styrene,
tetraﬂuoroethylene vmy!benzocyclobutane non—conjugated dlenes, and

- cycloalkenes.

The ultra-low molecular weight polymer will have a number average
molecular weight less than 8200, preferably less than 6000, and more

preferably less than 5000. Such ultra-low molecular weight polymer will
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- et hods for, d i ning the presence of |ong chain branchin r .
exanpl e, Lﬁgﬁéﬁégm Nos. 5,272,236 and 5, 278, 272. .As set fg,ﬁli&f%ﬁ'é;%'n a’
gas extrusion rheoneter (GER) may be used to determ ne the Theol ogi cal
processi ng i ngex QF ﬁ[' ' fallaf the t of rface nelt
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1 285-297), whi éﬂdW§é§é‘§’e§ﬁ¥iﬁ%" WRer 9t gternalymercwases, Willhiaveang usi ng 13C
‘nucl ear  magneigM, eF SRR LS 161265; prefeablpyfrordil 8o 22.H. and Stockmayer, WH., . .
J. Chem Phys., 17, 1301 (1949); and Rudin, A, Nodern Methods of Pol yner
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Chem stry and@%&cﬁm%ggiégt&%& Iez,ib\ S cﬂlﬂ%{?ﬁtxﬁﬁﬁﬁ&iﬂsﬁs@&
presented dat i #LHSHAES qaﬁgesg%e,(éntug@u% ap 1MBROVEd CICER FRTISEARES by

,__q_uﬁnlt i fyi ngI t bﬁ:s&irejseﬁsi@vé&dhbfiw, ﬁg@iéﬁprbvarmig%dhesi?mmgmﬁt@e}aﬁm@ near
et’hyl ene poly articydl ar, deG oot an um found that. the presence -
““of l'ong chai n@ﬁﬁ%ﬂ@éﬁf?ﬁ‘{sﬁ?ﬂ{?ﬁ. ally linear ethylene polyners correlated

well with the level of |ong chain branches measured using 13C NVR. The
honogeneous | i near Whensthp sitearlovambolectlanwaight ethyiene polypsr isean wi |1 be an

i nterpol yner ¢ ' Vidh ifvhdSrehramat &4 &Gl ary
.C3-C20 a- ol e‘&ftﬁ‘?’%ﬁ’gé r oﬁ%gh?,éﬁ%tsoggutéi gne, ?mgé)ﬁ%detﬂn%n T *
1- hexene, . 4- nbindgredplipbptic:viaylidene comonamet, itmay be erapleled as eldfieetascs- C20
a ol ff ins i nché%ﬁb%d Hb%@w.ellvm%%é},easqnsmde ?Léfsé;{taﬁreéyl%ﬁah%&ases,ltﬂeer)t ene, and
-octene, nore prefera - hexene -pctene. e hqnogengous |inear or
subst ant | al |y CTYBIRRSC e AMTGOBENS Hall IRaY IS s Accordingly, bita-fow
' molecular weight interpolymers of ethylene and less than 10 mole percent of
the least one vinylidene aromatic cor_honomer or hindered aliphatic vinylidene
comonomer, which interpolymers, such interpolymers may be useful as waxes
to contro] the open and close time of the adhesive system.

In another embodiment, a traditional wax may be used as an extending |
or modifying composition. Modification of the adhesive with a paraffinic wax
or a crystalline polyethylene wax, will tend to improve the high temperature
performance, such as creep resistance and SAFT, and reduce the open and close

~ times of adhesives comprising substantially random interpolymers which have
a high styrene content.

Exemplary traditional waxes include ethylene homopolymers available
from Petrolite, Inc. {Tulsa, OK) as Polywax™ 500, Polywax™ 1500,
Polywax™ 1000, and Polywax™ 2000; and paraffinic waxes available from CP
Hall under the product designations 1230, 1236, 1240, 1245, 1246, 1255, 1260,
and 1262. '
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range from Pobasbbutylensdrantiblbck @dditives toloadnits; pigmrmtsB afdfillers cA®al860. I n - '
certain appl I§Fﬁ41 rs havi ng
a nunber avé’%glg%hmeéflﬁ]gt? %“R{W%F an S&@W&Oﬁ;gr e#ﬁg{rﬂé{;lt%'P@k1 ess than
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“ processes (such, e adaiives eeniployaddih fhdtionaiBRequividént 29dhntdikh6¥in 6 thosde a
* hompgeneous l%ljff)ecritin ﬁ’lh aar{1 P&%%bﬂ the amount of antioxidant employed is that amount
- which prevents the polymer or composition from undergoing oxidation at the
~ temperatures and environment employed during manufacture, storage and ultimate use
of the polymers. Such amounts of antioxidants is usually in the range of from 0.05 to
10, preferably from 0.1 to 5, more preferably from 0.1 to 2 percent by weight based
upon the weight of the composition. When employed, the antioxidant is most typically
present in an amount less than 0.5 weight percent, based on the total weight of the
composition. |

Similarly, the amounts of any of the other enumerated additives are the
functionally equivalent amounts such as the amount to render the polymer or polymer
blend antiblocking, to produce the desired amount of filler loading to produce the
desired result, to provide the desired color from the colorant or pigment. Such
additives can typically be employed in the range of from about 0.05 to about 50,
preferably from about 0.1 to about 35, more preferably from about 0.2 to about 20
percent by weight based upon the weight of the substantially random interpolymer,
although filler may be employed in amount up to 90 weight percent, based on the
weight of the substantially random interpolymer.
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aver age -nolecul ag | e85t 8200 abl 6000,...and "
mor e pref er abl PP %‘\ég ’&F&"d“% &&Bﬁcwg{’??@ é%gﬁ’gfde\%!eg t pol ymer '
will -22- ViétasiohXdafer for apphcatlon to the substrate. The compositions may furth L
PCT/ US97/ 1553 3 @asﬁ %g& ngmgl I east
800, prefer abﬁbéé{%b&gga?ﬂ%%r %esﬁ‘f&f ecB@ “%Eth\é%g y rslya
contrast to pamdomnn@mmgmnaemtwan olymen EOTRBORSHb -
[t er pol yITer eikaSewihbiscllafeigndctrht dopi) ]magecfoaeeaaa& mamzr

preferably from1 aJow nol ecul ht ethyl ene .pol yrrer.
lead to a tow ERWWF‘%"F@%‘?H‘%& ﬁ“&"ﬁd\)?@dﬂ@‘g?s“ﬁﬂ‘?m&f;@' Bﬁﬁﬁ'aa%?‘gh zed by
peak crystal | i dsimshitainifike secotidfeavtot, sicleaevigaaidearm ektander.he peak
crystallization tenperatures of correspondi ng . hi gher nol ecul ar wei ght

materials of the s aﬂFo,Q ﬂ}éfe%d eJn'Bodlment the composmon of the invention will be
prowded in the form of an adhes:ve which comprises at least one substantially
random interpolymer. Typically, the adhesive will comprise from 5 to 75
‘'weight percent of at least one tackifier, more preferably from 10 to 70 welght
percent of'at least one tackifier. As set forth above, the tackifier will preferably
have an aromaﬁc character. .In some instances, the tackifier will be an ultra-low
molecular weight interpolymer of ethylene and at least one vinylidene aromatic
comonomer or hindered aliphatic vinylidene comonomer, which interpolymer

 comprises at least 25 mole percent of the at least one vinylidene aromatic

comonomer or hindered aliphatic vinylidene comonomer.

The adhesive of the invention may further comprise at least one
modifying composition, as described above. When such a modifying
composition is employed, it will typically be present in the adhesive system in
an amount of from 5 to 75 weight percent. One such modifying composition is
a traditional wax or an ultra-low molecular weight ethylene polymer. In some

 instances, the ultra-low molecular weight ethylene polymer will be an

" interpolymer of ethylene and at least one vinylidene aromatic comonomer or -
hindered aliphatic vinylidene comonomer, which interpolymer comprises less
than 10 mole percent of the at least one vinylidene aromatic comonomer or
hindered aliphatic vinylidene comonomer. '
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— ' tendi ng or nodifying
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|C . . | > L. . I . U,S 1-.'. . .
et hyl ene honopaid/adeast °“awmhamef&%}%€ﬁ6ﬂ\j\*g§?t%r’ Al i : 0| ywax[ err]
Pol ywax[ er r]- 5oL eyodidnSidel : aa1 Mood greateld ehap! 2bgHC t '
2000; .and paraffinic waxes av i tqrp . . 62. -23- WO
98/10017 - vinylidené aromatic Gomonomer oamndsqed ggalpagg iphati ivirlidene @atéhonen; vn o
000. h l'ecul ar “Wwel ti
2’-833’3? el y-Za%Oang,g_ Tyun 3itp 75 sveits perceiut@fmfsugégmial@ riidofd fifeipolGfidy & ! 11 1O
: . - ar a . > avdl [
point of appr cethylencand dtzgspﬁ?_lgl ﬁ{lﬁg%na%%ﬁq NGRS orfinderedbaliphatic poi nt 01;-
fromcCP ';al( LSZEV?&)?#E}:%WP% Whépt%m@ﬂﬁsm MICof lefs thar’alsif 8idpp! S an
§4§|[o:(r:|r 1‘ icg re‘i'uﬂtoynmnsssat[mnrl] o ledHhas 19 Mol@perler? dPthe at least one -
o ' - vinylidene aromatic comonomer or hindered aliphatic vinylidene comonomer;
andasa tackifier, from 5 to 75 weight percent of a substantially random
intgxpo]ymer of ethylene and at least one vinylidene aromatic comonomer or
hindered aliphatic vinylidene comonomer, which interpolymer has an Mn of
less than about 8,200 and comprises at least 25 mole percent of the at least one
vinylidene aromatic comonomer or hindered aliphatic vinylidene comonomer.

As set forth in J. Class and S. Chu, Handbook of Pressure Sensitive
Adhesive Technology, Second Edition, D. Satas, e., 1989, pp 158-204, the

requirements for pressure sensitive adhesive behavior may be defined by

temperature and rate dependent viscoelastic properties of the materials and
formulations. '

 Broadly speaking, to be a suitable pressure sensitive, the formulations
must have a glass transition temperature of from -20 to 25°C, preferably from
-10to 10°C, as reflected by the tan 8 peak temperature at 1 radian per second,
as determined by dynamic mechanical spectroscopy. Broad glass transition
peaks are favored, in that when the peak is broad, the adhesive will perform
over a wider temperature range, thereby increasing its utility. Further,.
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p[)effrggl y fromsenowill Bawi#d@’ ofifromt 33510°norlex po mesfnhﬁ(ﬂﬁctmldﬂBa)arﬂQ to
-abou perce gntéﬂp%é@ﬁ!te
random i nt er pol%hﬂhg }ﬁ?z%%el er mahﬂ)be egét? o@‘fee un?g{ljéﬁ.’%)y%
wei ght percent adhmmifonusmgfmezﬁgﬂabeb‘wdl‘havs tof dronn B Xyl Oggﬂaéfrﬂ '

I nt er pol yner . -45 to -
PCT/ US97/ 15534 e co 03| tl %%;Mg th da%lass transition temperature of ffom -4 to

t d
standard nelt [308GdPrefered presuresensitiye %/ﬁ?‘fr;’é: %puseg%gagﬁﬁgp%%y?eaﬁagé Srandom
i nt er pol ymer ( S)mutlﬁ%hf(}'%fﬁ%h2 /1105 e 1 xOr0® dypegem? $0.0 90 2iMPa))andmpliss el t

blended at a transition temperature of from -25 to -10°C. Preferred pressure sensitive .
adhesives for use in pressure sensitive adhesive tapes will have a G' of from 7 x
105 to 5 x 106 dynes/cm2 (0.7 to 5 MPa) and a glass transition temperature of
from -10 to 10°C. Preferred pressure sensitive adhesives for use in high peel
labels will have a G' of from 2 x 105 to 6 x 103 dynes/cm?2 (0.2 to 0.6 MPa)
and a glass transition temperature of from 0 to 10°C. Preferred pressure -
sensitive adhesives for use in disposables will have a G' of from 4 x 105 to 2 x
106 dynes/cm2 (0.4 to 2 MPa) and a glass transition temperature of from 10 to
30°C.

Glass transition temperature is a function of tackifier content, the
presence and amount of processing aid, and the styrene content and molecular
weight of the substantially random interpolymer. Accordingly, to raise the glass
transition temperature of the composition of the invention, one may increase
the amount of or glass transition temperature of the tackifier, decrease the
amount of processing aid, or increase the amount of vinylidene aromatic
monomer or hindered aliphatic vmylldene monomer in the substantially random
mterpolymer The plateau shear modulus is a function of the presence and
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-25-
' Example One: Preparation of Adhesives Based on Substantially Random

Interpolymers of Ethylene and a Monovinvlidene Aromatic Comonomer

Polymerization of Substantially Random Interpolymers of Ethylene and a
Monovinylidene Aromatic Comonomer '

Polymer A was prepared in a one gallon (3.8 L) agitated semi-continunous
batch reactor. The reaction mixture consisted of approximately 1100 grams
cyclohexane and 818 grams styrene. Prior to addition to the reactor, solvent, styrene
and ethylene were purified to remove water and oxygen. The inhibitor in the styrene
was also removed. Temperature in the vessel was controlled to a set-point of 60°C by
varying the coolant flow in the cooling coils of the reactor. The vessel was then
pressure controlled to a set point of 100 psig (4.8 kPa) with ethylene. Hydrogen was
added in a controlled fashion to control molecular weight. The catalyst components,
which comprise a monocyclopentadienyl tltamum-oontmnmg catalyst, such as
titanium: (N-1,1-dimethylethyl)dimethyi(1-(1,2,3,4 5-eta)-2,3 4 S-tetramethyl- 2,4-
cyclopentadien-1-yl)silanaminato})(2-)N)-dimethyl, CAS# 135072-62-7, =
Tris(pentafluorophenyl)boron, CAS# 001109-15-5, modified methylaluminoxane

-28-



WD 98/ 10017 : ' o -
'PCT/ US97/ MO3¥MMMT cover, the adhesi vé of the Thvention nay EERUSIYESH
plurality of substantially random i nterpol ymer conponents which differ in

th t of dered ali t
omes bt Y Sy RS ARSI, BRI pBlohc o e Bl S ot AT
t he anount ofrespewveuemdmmhnnd)mdmcdno ﬂwméesehdkﬁdnstdmﬁg,cthe/l nyl i dene
nononer contep dhesi ve
containing a B&P&gﬂ contentwi%ftx\ﬁ‘fg:g‘;];'sc}ﬁ‘)'h‘%l W ‘?lg’ﬁ atﬁJ\@%%trg,g mer may
be desi gned. r@qmredmmmtamMmelﬁesswﬂaghweaamgpp@mtebesagrm ﬁnyth
| npar ting conpenanhd m&lﬁl@reﬁ@lbﬁ%’ch nefffoWEdﬁn{the? a&ﬁfﬁm f 3

st . one v1ny ene.

‘substanti all y fan om i nte ne--an

aromati ¢ conmogigmsf né&eéé@mm E%‘y(f pided eas$y, ngAeier! AhefpR ch

i ntlerpol yhrrer ézﬁmnaedfdtwfmmm]g Althtlidb'tm il """1&&9@ %ﬁ%&rﬂcﬁﬂ)&dfrom 10
to less than ercent, .0 e at vin | en tic
conmonomer or ﬁg m‘b‘f‘?gwg}eﬁﬁ‘l‘qt@eﬂ Aﬁ@(ﬁ r“¥ er\%ég? from5 to
75 wei ght peraﬁimmhtanapblymbmWgstlmndﬂdedwtthestﬂhumdxthbmﬂsrmand at
| east one vin r ne
conononer &h%%e@p@w ias an%ngbojyggggﬁgggggi’%@gs ﬂéﬁ’&%
conpri ses fromhersmwmd)ytmwfademimhmmdeof the at |east ¢ne
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i nt er pol yner of ethylene an east one vinylidene aromatlc conononer or
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materials and Pg.?l ons. Broa f‘s; spea{?l' ng, to e a suitable pressure
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Irganox™ B900 hindered phenolic antioxidant is available from Ciba-
Geigy. :

Primoil 355 is a mineral oil.

Example 1was tested for initial viscosity and viscosity after three days,
using a Brookfield viscometer at 350°F (177°C), probe tack, modulus (G'), and
peak tan deita. The formulations and the measured properties are set forth in
Table One. Note that in the case of modulus and peak tan delta, the reported
values were extracted from a computer-generated plot of the results.
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stiffer th BSWMSBWTmﬁﬁera mat eri al” whi ch ha$ a pl at epp0/43124r nodul us at
25[err] C ofp i1 BEGET T ynes] . ' tack at
roomtenpefs "'ﬁ 'ﬂﬁ ess—stifF—trarr—tir S5 t+hat—t+s terial
V\lthhth w1 S._onwg{lﬁnc at Qanrr]f ol 1 _x JD[nrri nes/ cng,
Wwll lack k t cohesive strength to be uséful. In partP8§iar,
pref erred pEbatHIC(dynestim’i(MPadhesi ves for use {n Ib.\ﬁ8[xelé]‘(158b s will have
—wa G -of--fr parat 28°CQipiesient>@MPay) 10[ err [ dynes/ ch €7.94 xA0° @.794)} Wa) and a
gl ass tranpRri : ), 1T omT= - 1 d pressure

sensitive
10[err] t

t"e'rrper'at ur
- —-Se-—i-n-col
106 dynes!/
- to -10[err

..sensitive. adhesive tapes wll

g

PaLCE) es

5' f from8 x
- [transition
ure sensitiv8 4dhesives for

D.

dyes/
oﬂ‘cmprm veltich & + A0 dynesicid (HICRXC) o

from2 x 10péfr] to 1 x

Préhk(tﬁ;aelta)("ﬂ:)l\/Pa) and -a-gl-ass transi{ion tenperat u4x
T TTererTed PTESSUT € Sensttve autest

have a G of from? X 10[err] to 5 x 10[err]

of from-25
pressure

dynes/cn2 (0.7 to'5 MPa) and a glass transition terrperature of from-10 to
“-10[err]C. - Pr ef er Aeduwuha‘abmnd, lth&&dé]ﬁébf’&ﬁmi}ﬂé 1wseets the hi gh peel

_, l'abels will
0.6 MPa) nRaE

G of from
- transition te

er at ure OI

5js8 etepf maRI S unBbY by 4 Bafobed vy

. Preferred: padimsuee The adhezsme)fﬁxhwlwbs furthenprefeired ifi thptoit had aglass | |
kR UES . el o Bl 2 0 255

en in conjunction wnh the Dahlquist criteria, suggest that the adhesive of

sgyags/ ome (0.2 to

have a

Example 1 may be suitably employed as a high peel label and/or as a pressure

sensitive adhesive tape.

Examples 2-8 and Comparative Examples A and B: Hot Melt Adhesives for

Bonding Alumin

Preparation of Ethylene S

ne Int

i\

ers B and

C

Polymer is prepared in a 400 gallon (1500 L) agitated semi-continuous batch

reactor, utilizing the process conditions set forth in the following Table Two. The
reaction mixture consisted of apprbximately 250 gallons (950 L) of a solvent
comprising a mixture of cyclohexane (85 weight percent) and isopentane (15 welght
percent), and styrene. Prior to addition, solvent, styrene and ethylene are punﬁed to
remove water and oxygen. The inhibitor in the styrene is also removed. Inerts are
removed by purging the vessel with ethylene. The vessel is then pressure controlled
to a set point with ethylene. Hydrogen is added to control molecular weight.
Temperature in the vessel is controlled to set—pomt by varying the jacket water
temperature on the vessel. Prior to polymerization, the vessel is heated to the desired
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__.30[err]C G ass transition tenperature is a function of tackifier content,
tHe pr esencWod¥O8Tount of processing aid, and the styrene c TA5P4
mol ecul ar wei ght of the substanti aI |y random i nt erpolymer. Accordingly, to

raise the glass transition t er ture of t 0Si. of the invention,
one may i ncr eadun FRPSTALH AN FLHEOMRY PS'FE ?f mgh@'ture of the

tackifier, decrcﬁme&xyldmyl)ﬂmﬂiyl(d#(l mbt,éseta)mgB,AJSGtsu'aneuhyb Rebeyclogentadiennt  of
vinyl i dene aro | ety e [ | the
substantial ly :@?go %7)} qu*[ éﬁ%htlgggﬁs \7 ﬂrim%g'ﬁmsi 'S é@dﬁé{&

of the presencdCAB# 00121709 -5 cgigﬁngmgmylalummoxane Type 3A, CAS# 146905-79-5, are

PCT/ US97/ 15534 i ittrdtledPéiP% fiivhd ﬁ@lo Bhags 3? d/3/ Bﬁcsé&iﬁv% R, doibissedd arﬁ']ﬂded to

ol ecul ar wei ght of -t.he substantially randqom ] yner. To, de ase the
G, one nay |néb%&%9§°t§@eémwg’ mvwglsaﬁlawpatqa@ €or

|]ncha3e the arggppli ed%tlhé.ﬁbﬂgﬁ tmmﬁngﬁf‘%ﬁ%l ssxlﬁtbrﬁ%ﬂﬁ&késphatlc
Composi 11 ons. oRyaFgeR aHeR 3n s Hepdspasof fBF Fapipr o malini £ e

conposi ti ons ofY o ame SFﬁ‘q withsgspect
adhesi ves, par tto ¢hd ahylynacﬁncm&atuondheﬂ:e\ma ofithe ruiy[the aathly st yaacppedpe
representatlve C DhE

-bookbi-ndi-fe; ffﬁ?ﬁ%ﬂ%?\e vé?ioglé?%%%pg%@?pg?ggm gyggno gdll ag'g%lda‘ﬁfg
conposi tions mihe!f addetl o thssolutioniand the polymet is liselated fromdthssokuighghe
structures V‘hern&‘dgm?% jagegﬁgo fs sfym The
conpositions nma %E(]F?u e oﬂra\t 8&?‘6{1/2 :ég%/r‘ﬁgr?pﬂn@og*{rﬁagt es,

i ncl udi ng but volati EG Ear pet backing, flooring tiles and sheet s, and
Woven and nonwoverfabri c. - The conpositions may simlarly be nolded into a
vari ety -of shapes;--i-nctudi ng but not |im terhbledrwhoe sol.es, seals, toys,
durabl e goods, wire and cable, and gaskets.” The followi ng Exanples are

)

provided to ill - eja qr T f ! o R T
rather than to 'Fsirrﬁh'}ﬂ; e(srog&)ﬁic{r qf ?gggedl nventi on Egﬁgt 0. aw&r-ﬁe(hlé@?mer
Preparati on of nesrve sed gn Stantially R’an‘domA o oollyms rs 5%
Et hyl ene and a Hl\/bnovi nilidene. Anonptic mnoner. : Ohf on
Ibs | kg | Ibs | kg | Psig|kP | °C | Grams | Hrs. | Weight
a Percent
(B) 839 [381]661 130010572 | 60 53.1 4.8 11.6
4
©) 1196 | 542 (225|102 | 70 |48 60 7.5 6.1 72
- 3
‘Sample | Melt Index Total Weight Talc Level Isolation
Number | (I,at 190°C) | PercentStyrene (Weight Method
in Polymer* Percent)
(B) 2.6 : 45.5 0 Extruder
(C) 0.03 29.8 0 - Extruder

*Total weight percent styrene measured via Fourier Transform Infrared (FTIR)
techmque

The interpolymer and vinyl aromatic polymer characteristics are given in
Table Three. The unblended polymers provide the comparative examples of this
invention.

Test parts and characterization data for the interpolymers were genérated
according to the following procedures:
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Pol ymeri zation of Substantially Random | nt erpolyners of Ethylene and -a -

Monovi nyI | werssngoianat i ¢ Conononer Pol ymer A was pre p'a”r"ed‘ TNPETAIRST, _'_'[M p3s4 on

(3.8 L) agitated sem -conti nuous batch reactor. The reaction m xture
consi sted of approximately 1100 grams cycl ohexane and 818 grans styrene.
Prior to addition Pipquesaresgmpeassion solded as follpws nSamples aeimyeledat W80E for

purified to rsrmate%ﬁ&mﬂﬁfésﬁw%meﬁh?9mmxﬁet gé 0b&'18 @éésx{e%?aegtﬁﬁerai SO

renmoved. Tenperature_in was contro

60[ err] C by vEHDWEY $lﬂt§%ﬂ&ﬁ§° molign matergals esamc@ed;m measequﬂebrmd@t or.
The vessel wagodnh&inperftafelr € control | ed to a set point of 100 psig (4.8

kPa) with ethyl ene. Hydrogen was added in.a controlled fashion to control

oecyc opent act en AR A PRRRRRES N el S ondeam fiooeny 1
. 1c?l)m;1 thﬁ g?g AyDyRontDIN-2920 ls(l$¢d2t03ndasﬁreetha)heimﬂl téarisitiontterapert 071}!éséan$ héat
T?/I s( Bent af | ugr om?tgk ﬁ‘ﬁog%%e@é%oﬁ%@gﬁ@e%mb%%%%%ﬁ 81 ’noxane

-28- WO 9ssamplesare first heated to 200°C. Heating and cooling curves are recorded at

PCT/ US97/ 1553405YRfin %@%ﬁ%%ﬁ%%%@%r ﬁiaﬂ %%ggfg Pr@edmle

ratio basis of 1/1.5/20 respect e co 0 -the:-
vessel . After remghep : tempgralges ofth ?E qmmwﬂ@mmsmpvmeed with

et hyl ene supplied to the react or as required to maintain. vessel pressure.
In this case, apprMeltshead rheaeggdaemnamishré made mroﬂoh@admﬂtatbryhsear

G ams i nat o ey BBGelBhd, sl e TRl Ry ﬁ@wﬁ%%m%ﬁ%mme S
cont i nged f(r)]r Rhelwloglndtm’gpems arhmoattdredfatammsoﬂmnnaltsletetemﬂmbf 190AC inees - - | S
T ganoxterr] TEUEnep FrEaImNaL ATIAGE dﬁ‘g’?ﬁsgi‘? (RIS AT fs s
-sol ution and YIH@S%I%? W@W@C&! 100/8¢h xaisee frequencies. The resul ting

.polymers may be isolated fromsolution by either stripping by use of a

“devol atilizing extSheterA hitdansrisiicasured arIireSolewing/ ASTMIDMG: The i ndi cat ed
~-substantially random i nterpol ynmer, tackifier, plasticizer, styrene bl ock

_copolymer, and ant &Qx] t ' t neousl ;ﬁg | the i ndi cat ed
anounts to a Maketwm%?sﬁfw qﬁla Hﬂ"%ﬂg& ?#ﬂeom ng bow
mai nt ai ned at about 130[err]C at 95 r evoI utions per mnute. The i ngr edi ents
- Tensile properties of the compression molded samples are measured using an

Instron 1145 tensile machine equipped with an extensiometer. ASTM-D638 samples
are tested at a strain rate of 5 min™. The average of four tensile measurements is given.
‘The yield stress and yield strain are recorded at the inflection point in the stress/strain
curve. The Energy at break is the area under the stress/strain curve.

Tensile stress relaxation is determined as follows. Uniaxial .te'n.sile‘stress
relaxation is evaluated using an Instron 1145 tensile machine. Compression molded
film (approximately 20 mil, 0.0508 cm., thick) with a 1" (2.54 'cm) gauge lengthis
deformed to a strain level of 50 percent at a strain rate of 20 min™'. The force required
to maintain 50 percent elongation is monitored for 10 minutes. The magnitude of the
stress relaxation is defined as (fj-fy/f;) where fj is the initial force and fyis the final
force. '

Thermomechanical analysis (TMA) data are generated using a Perkin Elmer
‘TMA 7 series instrument. Probe penetration to 1 mm is measured on 2 mm thick
compression molded parts using a heating rate of 5°C/min and a load of 1 Newton.
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were m xed
petrol eum
Conpany ( Houst on,

available from O’ ba-

tested for initi

Brookfield visconmeter at 35Q[err]F
and peak tan JEF%?%@'MY&YQ‘E
forth in Table Que. _DNate that

H{%é%@ﬁﬁ;

t 5 mnutes,
onresinis at

TX) .

al

in_t

until

acki fier -
anmn

177 err
0&Hé“%

he case of o

ik

t hey becane nol ten.
‘avai'lable from

| rganox[err] B900 hindered phenolic anti oxi dant
Gei gy. Pri nDirhpRofhyled
viscosity and viscosity after three days,
robe tack,

lsnd SOMPIRERS; s are set

eral oil.

Ex

AR,

S
anple 1 was
usi-ng a
modul us (G),

ulus and peak tan delta,

Ratio of n(1.6)/ (0.1).
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the reported vallues were extracted from®)conputler - ger at ed| pl ot of the
results. -29- WO S8 1T00T7 Compasition — —

PCT/ US97/ 15534 TIABLE ONE.Fxanple. 1 Polvher A . N S .
100/ 45. 2 Escore [erwe}ghmntmeqeufuer 10.3 I 100/ 45. 2
Prinoil 355 Polystyrene in Interpolymer’ - (071 Ik :

I'r ganox[ err] BQd KEht BsereabSiyrene’ 434 293 1/0.5 Probe

t ack weight percent Eihylene 56.6 7094 C jt Oferr]C
(dynes/cnjerr] (|MRa)) : 1.581x 10[err] (158) G at

25[ err] C (dynes/|cn{™Belf pereepSiyyspe 7.921y lo[qrrr] (80.794) |G at 50[err]C
(dynes/cnierr] (IVPRlole percent Ethylene . 829-'-—58—* |158) G- .at...

- 75[err]C (dynes/fcmjerr] (MPa)) 2. 51 X 10[err](_0.0251) ,
Tenp. at which ¢ = 10[err] dynes/ cMoleewlyr Waightkpa) ([err]C) | =~ - 89
Tenp. at which ¢Mer T FIRS 57 -
Peak tan delta (ferrlQ) 4 As
illustrated in fabl e OMXI®he adhdsi ve @8-8Exanple 1 MBdts-tHe Dahi qui-st.-
criteria, indicqUiIMy TR AUITabr Ty asjget radl {TOna; ggr es5YF - $ensi ti ve
adhesi ve. The adhesive_q xanpleil is further preferred-injthat it has a
glass transition tenperature in !’M@cﬂmrtm -45 to 30[err]¢. The data
regardi ng Exanpl'e—l—mmw LRl  criteria,
suggest that thd_adhesive of . :

Tm, °C - 496 _713
Percent Crystallinity 4.8 l4 ‘7
Tc, °C 22.] 58.1
Tg(DSC) approximately -12 -17.2
Mechanical Properties
Shore A 75 88
Tensile Modulus, MPa 6.5 20
Flexural Modulus, MPa 68.8 - 62.1
Yield Stress, MPa 13 24
Percent Strain at Break 4753 3775
Stress at Break, MPa 226 343
Energy at Break, Nem 1022 145.5
Percent Stress Relaxation (50 38 30.2
percent/10min)
Melt Rheology
nx10°(0.1 rad/sec), Poise 1.05 16.6
— 7(100/0.1) 0.15 ~0.16°
Tan & (0.1 rad/sec) 42 2.37
1 Measured By NMR technique.



Exarrpl e 1 may be suitably enpl oyed as a high peel |abel and/or as a . -
pressure S‘E‘QQP’ 19032 "adhesi ve t'ape” Exanpl es 2-8 and Conpar at pPRUSIRRRILS A
and B: Hof Melt Adhesives for Bonding Al unmi num Preparation of Ethylene
Styrene Interpolyners B and C Polyner is prepared in a 400 gallon (1500 L)
agitated sem -continuous batch reactor, utilizing the process conditions
set forth in the follow ng Table Two. The reaction m xture consi sted of

approxi mately 250 Mfm&iﬁﬁﬁdkbnﬁdﬁwém&%%ﬁﬁggg‘gﬁhwe of

cyclohexane_( - pereent d, i sgpent ane and
styrene. Pri or daeg Qr“*?fngsrBilVgﬁ?desst ¢ oawl H’ﬁﬂh&mdr?o@@pnopmrl fied to
renmove wat er mmnmg'eductibhemablddetspéedl\ﬂast%%lﬁﬁ&&ﬁn tﬁ AferiEoVed.

e vessel

I'nerts-are r el et hyl ene, is then
pressure. contro grda*oﬁ%s %Gr%té’l&n “ﬁ%ﬁ;ﬂ@ﬁé“er AReredients were addedd t o

control ol ednsmal Wovmﬁrl@ to 30tmhinutes.SThe ratSofddaitionl | €d to

set - poi nt by ﬂﬂeﬂ‘bnttﬂérdt@&‘ﬁﬁ? lY‘?fe at u n t essel. Prior to
pol yneri zati gﬁf‘ét he_yess 68 ewﬁﬁ%’ag‘?ﬁa&g" gmai/mtq,@e%/ 10017
PCT/ US97/ 155 3XRuge: P‘éﬁb“e glaegeimismatehcih gt melo wiscosttytof thel | t ani un
(N1, 1- di rreum:mbemgmmedm br tefrperdurds Bk dnetiagpthy
2,4=cychopentgdi- gﬁe d:ﬂ; %b%’SI | ag}l a{Q )(2% %t‘}m %A g%?z 62-7,
Tri s(pent af | GOr OPhERyTY % Va3 continued for D guinutes oy tatflunmi noxane
Type 3A, CASﬁhelSaamlevi'spanrlmmdgmemntrol led, on a nole ratio basis of
1/ 3/'5 respectively , conbl ned and added to the vessel. After starting, the

et v e Heoh S ves “%%}?gﬁ*“éﬂp L 298 ol statominn s cony
“to the heads}%k@gs S¥rface was wilped with methyl etleyl i leetodiel pick @6 PeCt - t 0

the et hyl enebmﬁgmfeawveranyearfdc%oﬁaﬂnﬂnohh% gg-,s e Cata' St ff:OW'S
ou rganox*

. stopped, eth | S_renpv romthe reactor
~~1010 anti oxi gehﬁ.ﬁec}r npﬁéﬁvﬂﬁg@ﬁmﬁ@“ﬁﬁ@%yﬁ’ﬂ o":l'lemmelsevqwbgmpnesélmi sol at ed
“from the sol molded. beﬁhemrlamk of silicane!rileRyepapéras @}@QW@@QI Hél on by
. either strip %Rﬁdﬁt‘fﬂ@ d | i z’g?g extr aFé anpl e
~-Sol vent &ilr ene sure } 1A% ram pressure
T to'11.2 kg/em’, (3) maintain pressure for2 minutes and release. The pressure
corresponds to approximately 1.4 kg/cm? on the samples.

Samples were tested in the T-peel geometry (ASTM-1876) using an
Instron tensile tester. Crosshead speed was 2.5 cm/mm Sample composition
and performance are set forth in Table Four.



Number . | oaded | oaded | _ H2  Tine i n Added
—Sotutiorn | PLOIBRWIT| bs kg * Psig kP [err]C Grams Hrs. PORUSAVISM cent
(B 839 381 661 300 105 72 60 53.1 4.8 11.6 4 (O 1196

542 225 102 70 48 60 7.5 6.1 7.2 3 Sanple Mel t | ndex
Total Weight - Talc Level | sol ation Nunber (I[err] at 190[err] C

Per cent St yrene (Wi ght Met hod in Polynmer* Percent) (B) 2.6
45.5 .0 - Extruder (C) TableFo. 03 29 8 :
0 Extruder *Total wei ght percent styrene nmeasured via Fourier

ol T s ) S il

prQVIde t he

char act eri zat jer—dagta—F LIIC 1 potyHefs—were—gerretrated—acecorgigyo—to—the
~following pr ' ?f’ % /10017 - 98

PCT/ US97/ 155 s Sarpled—are

Transform | n%ar ed (FTI %mgﬂm he 1 nrekEREry mer cl'Waﬁ/(v(?eightar QreRl $tfength

el ted at 190]B¥ap ‘ ‘ol Jled 'at 1 90[]dPrEC
-under 20, 000-J b of prec ihsequently, [the nolten
material s ar ' _ t enper at urje

L Ditferential-: . ol $ are nmade 6L5720| | ows.
A DuPont DSC- 0 is uded to nmeasure the_ hewrebotrangi ti on tenpgratures’
and heat of tjansition he i er s. to elimngte
previous ther A T8 200l erT]C|Tget T ng |
and cool i ng ‘éﬁ%ﬂ §ng (from sgcond heat)
mamdcrystattijzat icon: termeratures are- rec from the peak tenpgratures of

| H
“the -endot her Mang cx e P e Y T ingtack ™ 7180
: 86 - 50
Example 7 | Polymer C-- 50 Wingtack ™ 127
' 95 - 50
Example 8 | Polymer B-- 40 Wingtack ™ Polywax™ 329
' ' 86 --40 1000 - 20 :
Comparative | Polymer D-- 33 Wingtack ™ Polywax™ 77
Example A _ 95 --33 1000 -- 33
Comparative | Polymer E-- 50 Wingtack ™ Polywax™ 257
Example B 95 --50 1000 -- 33

Wingtack is a trademark of Goodyear. Hercotac is a trademark of
Hercules. Eastotac is a trademark of Eastman Chemical. Polywax is a
trademark of Petrolite.

A cbmparison of Examples 3 to 6 of Table Four illustrates the fact that
formulations including an appropriate tackifier exhibit peel strengths which are
improved over that of the uncdmpounded ethylene/styrene interpolymer.
Formulation 7 illustrates the negative effect of an incompatible or only partially
compatible tackifier. As illustrated by Example 8, the addition of wax to the
high peel strength adhesive of Example 3 decreases the peel strength as
compared to that of the adhesive of Example 3, but results in a peel strength
which is superior to that of the comparative ethylene/octene interpolymer based
formulations of Comparative Examples A and B.
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IVEIt shear rheol ogy determi nations are made as follows. Gscillatory Shear’
. heol ogy weesitsornent s are performed with a Rheonet ri ¢cs’ RVPCERISITNSSHEt er
Rheol ogi cal properties are nonitored at an isothermal set tenperature of
190[err]C|n a frequency sweep fode. In tabul ated data, [err] is the

viscosity and [ erExaniples 9-2}1 and Comparatiye { { and Eval ues recorded at
100/0.1 rad/sec frequenC| es. Shore A hardness i s measured at 23[err]C

fol | ow ng ASTM mﬁ&foﬁhﬁrﬁﬁaﬁé uﬁr&séulzme'fql@wgi glé%%%&& fh ASTM D790.

Tensile properties of 5%’ ng Il on o es are_neasured using an
| nstron 1145he BHERETSE FTQH&'I Qv qﬁ!%ﬁ&%ﬁ% tﬁ’fam -elt?sﬂsrﬂ?!mer ASTM D638
sanpl es are ﬁtﬂ&b@mrowmlamubma@l& rBndtnk E& rehe/st}meamefpwmn&f four

" acor ded ot HAYIPE 14 Veeh BRI AT SR e WGBS ) b Energy at

break is theasé 6EExumsies lmels,tthepd&ﬁief auxlﬁwedtwas@olﬁﬁmi Iaesubstmetfaﬂyr el axation

i s determ ned f r el | S evaI uat ed .
using an | naepdi eyt bR a B S bERR b By, o5 o

(appr oxi mat elage ofiExample! D52R thepolymet uﬂd)zednwas Palymcr(l?wubm!)tlayauge | engt h
IS deforrred {1@&@ gpﬁﬁgg hﬁéﬁ% 20
.mnferr].. orcwgglgl red 1?%Epn§?mt aln per- —en?)néat{ oafhles moni tored -
for 10 m nut"é‘él“ eniitilized was Bircotex t5hE’h§3hr*%§§u‘P°éFqu(§¢Fm aeg Aned_ as
(f[err]-f[ erglidsitaBisitibn tinped aﬁxfeeﬁéllettﬁnﬁx&BbYD'SU 8f 31°Q, akd JMfthfi§ is the final

oo e e i Tharbiaabe Serpdft e SBsosios it ded 0o on'2

mm t hi ck conmmsmssn“mhdedmmsolusvmbhﬂmawagidnene&oeﬁe:ﬁbﬁrr] Cmn and ar B

load of 1 New on. -32- V\D 98/ 10017 Tabl e Three Interpolymer and

vinyl i déne ar onat- y,%q;g ( (D)
Conposi tion wei gh percent ata ngmmmaﬁeg@gﬁsy"ﬁrene in- .
.. I nter pol ynertempgsatyme, tensile ahbregi.plangation at break, hgndistrength, G’, 100 -~ 29. 3
- wei ght  per cjatcelst MYUERS, 200 percenbRrofulus, and toughness.  70- 7 i

In the case of tensile determinations; samples were molded at 115°C for 5
minutes at 10 tons ram pressure. Samples which were 1 inch (2.54 cm) by 0.125
inches (0.318 cm) are utilized. The Instron tensiometer was set at a crosshead speed
of 50 cm/min. Modulus was taken as the slope of the stress-strain curve at 100 and
200 percent extension (as measured by crosshead displacement). Toughness was the
area under the stress-strain %urve.

In the case of G’ determinations, a Rheometrics RDSH Solids Analyzer was
used with 8 mm diameter parallel plates, operated in the shear mode. The test rate
was 1 radian/second. The temperature was stepped from 5to 10°C, and was
allowed to equilibrate for 2 minutes before data collection.

The formulations and the resultant properties are set forth in the
following Table Five.
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mol e percént 17.1 10 nol e percent Ethy|ene
82.9 . &d&?ﬁﬁgo Mol ecul ar Vi ght Mel't " f 1 ow rate, 12 (g REHUSHINSS34 — . .
2.62 - U|_ Cl‘l] oA o2
118.1 I\/[err]/l\/[errd-: - 1.89 b 04 Pﬂ]y&(éﬂ
Properties Densiths £ 8 2 T09® | §F | o T P43 ’Fr& FjRC &
49.6 -‘3’&5% e cent S tlhlivilyE = |3 A8 e9 ’ = £
14.7 Tc, [err]C q : 22T 58. 1 g(Db _ .
approximately -1 117.2 hanijcal &rppers ¢smSherie A m Sla &
75 “'-:i%%?re sole Wogudid A8 | S 8 1§ €9 ¢ §§ 3 g‘
20 .Fl exural Modul {us% SPa Tz ceFg S €1 €1 B pFiel § StredsS
MPa 18- 1 - 2.4 Percept Strain at Break .| .. 475.3
377.5 Stress at Hfa@k, M 2246 34 3 Enefgy at
Break, N-m -§o§1 2.2} 5 & | & & | B455| Rer@ent3S gss. RBl @t orf 505
38 280.2 pprBem 418 @ ) St | Fhebl ¢oy Berf BIS[¢rR 1 BD.J18 &
rad/ sec), Poise p=——+965 66T T 10001
0.15 g 0F6[e (0.1 }ad/seg) 4.2
2.37 1 Meas r&ﬁégby N = Rahio sz; - = a8
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pol ;}rrer i ntroduction.. The bl ade speed was 30 revolutions/mnute. After the

added in small

- pol-ymer—wago d8iety (approximately "5 i nut €8) "t he ot her i ngr aeiToodInseue
portions over:.a period of .10 to 30 m.nutes.

The rate of

addi ti on depended on thg ratefat whijch thef m xing 1 ncofporatgd the fateri al
.i'nto the m xture. éﬁ@gg thepejwas a jlarge msmatth in ghe pelft viscpsity of
the materi-al s beil$gs @ 3pde Eigh@_r Qéngeratu.ﬂpsg'auﬁ_l engel = «i Ag %i es wer e
used. After the d&di 1%h Was dofipletle® ni xi fig Wak Com ilnfed flof” 18 fri nutes
or until the sangl egwas|visualfly horjopgeneops. Adhesionfsanpl gs were
prepared from 3. J& g 815 Gﬁﬂﬁtr{l s $ff al umi negm Fol 117 0g0024c1g tigckd [he
surface was wi peqd3ug gz h§g egh@ kBt one| & i3r [t BondEng tloS edoye any
.surface cont an ngH-eR—parpeg—He-e—peparpa—-r—p—tetdhedron—press{wi th
the platens set. Jiuad77[ r&] C. {The sdnpl es Wwere cpnpresgi on nol ded bet ween
llayers of silicorl&%ele 19§j'pa er usilng the| fol Lom ng_cycle:_(j1) equflibrate
30 seconds at 177[E5Er] Cl UBder Jc@ntadt Bpresk & 5 Bandpr pEesjufe to
112 kglenferr], maf n® ai n {pressur @ Bri & enpitesSaddr & dase. EThe
pressure correspdrds L ofapproji matelly 1.4 kg/cnie¢rr] on the s@anples
Sanmpl es were test gg he T-pgeel gdonetryl (ASTM 1876) lusing fan I nsfron
- tensilestester.usShehd SEeed_WES |2,.5-3nf W 1T Pagmke [cQm®s) i 08 fnd
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86 * 50 Exa Pol ymer C- 50 W ngt ack : 27
95 - 50 Exa%’@"%ol’%lyner 40 "~ Wngtack[err] WWT rrj

329 86 - 40 1000 - 20 Conpar ative Pol yner D- 33

W ngt ack[ err] Pol ywax[ err ] 77 Exanple A 95
-- 33 1000- 33 Conparative Pol yner E- 50 " Wngtack[err] -
PoI ywax[err] 257 Exanple B 95 -50 1000

-- 33 Wngtack i$ a trademark of Goodyear. Hercotac is a trademark of

Her cul es. East ot ac r&bép F:vmbnws thas thecadditiem ofaekifiento a md:sgamally gandom
trademark of P t :ﬁé}%&feas%éwteﬁﬁtémhgh&s%f&ﬁ%e

iIIustratesthe act t at for ons I nc dlng an_appr f|er
~exhi-bi-t- peel- st glcFEasmfﬂ‘Pg °h5 %é"i?ﬁt‘qgn?fggﬁded
et hyl ene/ styr erf@nnmﬁomdnmutesﬁﬁramhmwm&m béél%tr&ﬂétﬁ%fhhﬁndﬁﬂﬁhﬂﬁﬂ;m

71| st rared by Bre He S bRk ol SRt 17AA° K ser i,

adhesi ve of Examiér8 Podndsmlamsmclhﬁ) OSfEMlmDpeesgmﬂ& atsﬂlusqnaeébyt’hbld&x dfe

Lo” hat ot 't no semRtrackindhih f SRl vafh SayatirTache ikbplynko

-of~Conpar at i-ve abiluyrpe &rease the ‘B“ghw of a sulitagially gandom ethylene/styrene _
PCT/ US97/ 15534 ;
tﬁf?d, , Z@%rﬁéfe iy t hicR had ids GRS HECLMEristATRin? by DS A, Whichiie

fornul ations u e foIIovm ng exanpl es were prepare e manner

set. farth abov®redomipapil 4Ty - 12, the polyner utilized was
Polymer D, a subst anti al I y random et hyl ene/ styrene i nterpol yner having 42
wei-ght—percent - styrene and a melt i ndex (I [err]) of 1 g/ 10 min. In the case

—of - Exanpt-es 134 1 1E-L] Z6 0l ) ubstantially
random et hyl eneFSty ] f Fcefrt styrene. In

t he case of Exarrpl es 17 - 21 t he pol yner ut| lized was Polyner F, a

substantial |y randorfasies ofpagssureisensitiveadhesive fapes ware,pregar@bby.coating per cent
-styrenes. The fom the melt onto a 0.051 mm thick polyester backing, and were covered with

silicone release paper for storage and transportauon The coater was a
commercial unit available from Chemsultants International. The adhesive -
layers were in the range of 0.09 t0 0.115 mm thick. Tests were performed in
accordance with the Pressure Sensitive Tape Council (PSTC) standards. A 180°
peel test on stainless steel was done at 30 cm/min, at both 5 minute and 24 hour
dwell times. Shear tests (Holding Power) were performed at room temperature

with a 1000 gram load and an overlay of 12.7 x 25.4 mm on mirror polished
stainless steel.

In the case of Comparative Example F, the polymer was Vector 4113
styrene/isoprene/styrene block copolymer, available from Dexco Company. In
the case of Comparative Example G, the polymer was Vector 41 14
styrene/isoprene/styrene block copolymer, available from Dexco Company. In
the case of Examples 21 - 23, the polymer was the substantxally random

~ interpolymer of Polymer E.

The formulations employed and the resultant adhesive propeﬂxes are set
forth in the following Tables Six and Seven:
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tackifier

gl ass tr angbtegagoilyenper at ur e,
is avail able from Hercul es.

was Tuflo 6056, which is a m neral

Petrochemnm cal .

The extendi ng or

oi |

utilized was Piccotex 75, which is a pure nononer
as determned by DSC, of 31[epct/Bsomsssahi ch
modi fyi ng conposi tion ut|I|zed
avai | abl e from Lyondel |

The resultant fornul atTablsSieer e eval uated for glass

Bl

transition tenperature, tensile at break eI ongation at break, bond
strength, G [ 100 perceni Clmgub“s dul us, dtou ess.
the case of Jensile detefmn '|o'n§ r{‘g =re nol ded a 115[%53]0 for
m nutes at 1p—+oRS—HF-PiresStH-e- °ﬁ!€$ﬂv... - —t—-Re- {2 54— —by
0. 125 i nches| Vectet 81 ) a|4é7ut| liz¢®. The Ins Pon tensipheter whd set at
crosshead spped of 50 cmjmin. Mdullus was takpn as the kl ope: of t he
stress-strai Wkl and 200 rcent exjgnsion (appneasur by
crosshead di ppl a((:’ié?r;aﬁ{) ﬁoughness \I%/gs?ct he ar =g under th% stresf strain
curve. In thp—ease—of et errrat-ors—ea—RRpofret+es—RBSH—Sel-gs
Anal yzer was| BelysnerE h 8| fm di anet 40 paral | el | #8d8es, op&Fated- ii#2the s
node. The teft rate was 1 radian/s¢cond. The lenperaturk was stépped fr
to 10[err]C,} F&a@ o8l | pwed to equispigorate fpy 2 m nuteg befor¢odata
..collection. . ornmul.atfons .and the. resultan} propertifps-are-s¢t forth |
t he fol | ow np—Fabte—Frve] =36~ YO 98710017 - T
PCT/ US97/ 155pRBiceaiex {75 98/ 100119 3875 - ]300 32.5
PCT/ US97/ 15584 [err] 08/10017% : : : - _
PCT/ US97/ 155B%ufialghss Fi veé 6sghows t hati4qtzhe addi jims of tapkfier Q5@
- substantially random o ' o
Table Seven
Comp. Comp. 121 22 23
Thickness 4.65 4.25 147 42 3.7
(mils (cm)) (0.12) (0.11) 1(0.12) (0.11) (0.09)
Peel (lbs/in 12.69 5.97 1.85 | 048 10.17
(N/25.4 mm)) | (56.4) (26.6) (8.22) (2.13) (0.76)
24 hourpeel |N/D N/D 329 . 1.53 0.817
(1bs/in (14.6) (6.81) (3.63)
(N/25.4 mm))
Shear (min) 259 22 1242 1796 40
Tg (°C) N/D -19.8 1-15.7 -16.5 |20
G’ 6.13x10° | 1.71x10° 1.92 x 10° 3’.9_6x10“ 9.32x10°
(dynes/cm? 6.13x10% | (1.71x10% | (1.92x10%) | (3.96x10%) | (9.32x 10%)
(Pa)) o
Tensile (psi | N/D N/D 1192 79 24
(MPa) (1.32) (0.54) 0.17)
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ethylenefstyrene i nter pol yner increases the tensile toughness of the
i ht er pol ymewO #i1a91? ncr ease i n toughness (the result of “the i RCTASSULSSI4——— -
strai n-hardening of the fornulation) contributes to an increase in the peeI
strength of a bonded al um _num speci nen. The al uni num al um num bonds are

nmade at 177[err] C f oFablepSixcandneyen shaw thatsubstantialy mandom ethylepe/sosenapa) .

pressure. &3% i Ravi ﬁbﬁn@tbﬁ *ﬁee%xi ﬁeﬂmtdfngmpefcene
subst anti aI I y random etggl ene rene inter has, t he abi | to i
i ncrease the to‘i!!j‘ﬁﬁ%&%n éEhSWSI oY tp Gﬁﬁ“é‘? srpsitive Ad Sﬁl‘é"r@m‘ﬂat"ms

i nter pol yner whiith i h@ﬂsﬁnﬁ&ﬁ'ﬁﬁﬂborﬁﬁaﬁd&iétyfﬁn&lﬁldtkdagﬁlyrﬂdﬁat i's,
whi ch is predo nan@ﬁ nmor phous in character. Exanples 21 and

Conpar ati ve Exa n“:‘;{nd G PSA Tapes .Sanpl.es .of . pressuré sensitive

adhesi ve tapes were prepared by coating fromthe nelt onto a 0.051- mm t hi ck
pol yest er backilggkiigud )@Y ed wth silicone rel ease paper for  storage
and transportati-on. The coater was a COhTTEI’CI aI unit available from

Chemsul tants | nt er nathopakifietRafdrash 3 € obd m0. 09
to 0.115 mmthick. Tests vvelre ﬁi?orrre ancgo&fﬁ'ﬁ OE ﬂ%aessu
Sensitive Tape wasied mqaﬂmmet&@hwheiol OBM!EB ab‘é@ghtest on stainless steel
was -done at--30 cnimn, at both 5 m nute and 24 hour: dwell times. Shear--

tests (Hol ding Power) were perfor ned a ab‘]egm enper at ure Wlth a 1000 gra"m
| oad and an overlay of 12.7 x 25.4 mmon mrror polished stainl ess st eel .

In the case [0 T4ekifer ol | WMantisctver F T, | Beodotocw/ ITET \ITEE‘V‘EQBCE) MMAP |
styrene/i sogrene/ styren¢ bl ock copol yner, availablg from D .cgoaprpgm‘d n
the case of JCOTEER9§8 VE | EXEHE O AromalicCytivaliphatico |VeCt Prsga i 14 e
styrene/i SOW”EE‘&&%E@” 3 D[E, o CopO! y"ﬂcloaﬁ%‘ﬂl 0T Y Jgo0 njs)e TO—COT pdny i n._. ...
_t he case of EAiEéH 1558 ZIT= YEE}S\OHL tre p”l-l))'dgb ena kﬁ,ugaL ouual a. Ty e nuu1.||
I nt er pol yneg—et et fe—for et ens—eHP .uy ge—ar 57”. +esttant
adhesi ve pr per?ef'g% are setE""r‘ort hliin .,E({a g |Tabl ps S x and |Seven:
Ol A nr\4 _I
I, (B6__| Goodyear_ | Arpmatic Mogiaed&;s ) P 2 +
1 ngtack 95 | (Goodyear | €5 Hydrocarbon .. .| . | 59 == N
Hercotac 1149 Hercules Aliphatic/Aromatic (C5-C9) | 850 45 24 68
Piccotex 75 Hercules  |Copolymer Modified Styrene| 680 | 29 <.50 1
Piccotex 100 Hercules . |Copolymer Modified Styrene| 1200 | 42 -50 -]
Regalrez 3102 Hercules Hydrogenated Styrenic 875 51 =30 24
Kristalex 3070 Hercules Copolymer of pure 580 | 27 <.50 0.4
: monomer
Piccolastic AS Hercules Styrenic Monomers 360 | -28 <50 -4
Plccolastic A75 Hercules Styrenic Monomers 870 | 28 <-59 6
Regalite R101 Hercules Hydrogenated Hydrocarbon 44
Fora) 85 Hercules Rosin Ester 35
Staybelite Ester Hercules | Hydrogenated Wood Rosin 29
10
Eastotac H100E Eastman Modified C5 49
Piccotac 95 Hercules C5 Hydrocarbon 800 | 43 49 95

* DACP Cloud point reflects polarity of the resin, with lower values
indicating a higher degree of polarity. MMAP cloud point is a value which
reflects resin aromatic compatibility, with lower values indicating a greater
degree of aromaticity. '

Formulations were prepared and evaluated, with the formulations
employed and the resultant properties bemg set forth in the followmg Table
Nine.



0 Vector* 4114

0

4.7 0

Vector 4113

. >
.~ o~ O« o S £
N ~0 ~LO M ™ +— S5 O
ODHAONA. . NO - Tp] )
o cC . . (0] 1 X <
p ¢ XO O — N @) ho]
N O on { = o)
mo oz | lew) siog [ & kg0 2 IS € ooy t8s | (veievei T 004 3004H owjojsel
5 9 F _[akiveses | - —Fodosio . .m @Loc) 566 (€'%1) 0802 S5 " 00} 01 12153 ayjeqhelS
e oo romives [ — (eieves >=| leBver 29 (0'v1) 8202 ve 00} S04 tesod
15 0 9= o0y 6095 | i 49°1) 62— O . L) 644 008 (0°51) 8oL Z vl 001 0.L0E Xojesiy
: T :._3 505y < = = &2h) 08l o 0 [T ﬁméwp €58 - | (6'04) 9854 (%) 00} g8 [eJ0d
: o\ 00 R 1 B p— - e
Wwo o | _(eevlaioL | o 29l eo6_ . = [0 (o) g9 62s (s'9t) 68£2Z b 004 Z0€ zadfeboy
O~ ‘H._(gev) esesy | . S fonses. - = o e 0v9 (9%1) 1142 6k 001 101Y ayiebay
g% 1 »lzes) 5916 < FBE) 9096 — |- rdest. £2L (z0z) vz6z | 90+361'9 s 2’18 SLV opse|oold
N TN < @0 9'sh. i @ lo eyl Bz 00z (or0)€'99 | 90+aLv'z | 202 g'i8 SV 911se|0dld
g N Aeumdmmes | @R - - o (cuhtel 26 (1'91) pece L'l 00} 0.0¢ X8[€}sp)|
o 0 Sl ipresss D - R e O Ol B o 05§ (1's) vel2 8L 00} 201¢ 2asjeboy
RN AldL) z5ioi @ol) 28st o | (BIuep 2128 (e'¥2) ozse 'z 004 001 X93000id
D _levs)iser | S ~trgrpeec o (5’1 022 %98 - |(z12)oloe| 87 boy 54 X6}0931d
;0
R 95 ms QGP = 19 ble~ om _ ’ 886 (z'sL) sozz | Lo+asye oLl 00} 6vii osMeoz
; . : - - - 80+362°¢ 05'9 00} §6 Yoeibuim
j o o o
RN (:@«H.Bm PO R0 & 129 (8°z)zosh | L0+365C | 020 00} 98 YoesBuIM
e @ (6%viozzs P — WU ovi_ © S[C (aBhom - 882 - |(z'ih)oeol | o0+3eL's | 00%HE 00l 08€g 2040083
e 3 (656) o018 o J9°4) 9220 = BLIE . Thob - | (0°12) Lv0E | 90+365°8 0SS 001 64} ¥03- |
I © — i
= (exr)os89 | —— qers) 6te®R = O ('y) L8 142 (8'gL) 9822 | 90+355°8 09’2 00} 64 ¥03 !
L C . \L._as b8z | = © {ec)sos_ v _ EFogy - 29 (L)) ¥59L | L0+36¥°6 ov'9 a0} g6¥) 803 :
P2 N —{g6€) ZeLSN do°t) rezS @ ©f— @)D - £00} (9°0L) £¥SL | 80+329°L 082 00} - 08€S 2040983
) S ERET (o) L6 > 1'#) 865 185 (2'91) 81¥Z | L0+432€°8 ov'9 . 001 $91 403
o . @ P - —a—— =
TS, _(eeabione | ~ . (07) mmuu o c[> le'kbilez ogob | (paelevs | 04312 | 00'04
N o T e - A(edW) ~ (uadsed : {zworsauip) :
R (team) 15dF ¥ r{eguirsd) m:.aasy fdysiriow | -)yeesgie | ((eaw)isd) | oo0zZ3e (Do) Mg .
w O »»o:nmaﬁ m.mea oﬁln &:méma 0) | uopebuolg |xepejsuagl .9 SWQ 61 08Q | Jsypioel Qi Jeppjoel
MGw W%MB..e B x 4TeMWrM& I _
N C8E<s S 5, 288%45382,5 - TNOREL
Boag8YSs T 0TS A tEn oD
W o< TN Wﬁﬁpaﬂrﬂ.
3 BEsg. Zo.eszl
S50 Tl oS  ocolooC
Te] Te — 3759xwr ZUWMiame
N~ D—_ WA ATdNF MO O _ ™M — > Sm. T -
- .OQ©O .00 . —A .0 .._Oh c o ©
0 AN .0 .N 20 . Oo-dO-0WOOC o
OFOMFYZd oSO xA2 A 0w n ok &

-42-




Tabl e Ei ght Tackifier Manuf act ur er Feedst ock : Pcrmlg@'l_nssg;g

~DACP - MVAWGEHgLM7——Cloud  ECR 165~ =~ °~ Exxon

Aromati c/ Cycl oal i phatic 59 Escorez 5380 Exxon

Cycl oal i phatic 160 35 ECR 149B Exxon Hydr ogenat ed C5- C6
48 ECR 179 _ Exxon Hydr ogenat ed 57 :
Cycl oal i phatic Wngtack 86 Goodyear Aromatic Mdified C5 37
W ngt ack 95 ‘Goodyear CS Hydr ocar bon 59 Hercotac 1149

Her cul es AI i phat TshléNinastiows(tkit-aQoide vafiety of 4fkifiet structures 68n iznprove ﬂ)@ 75

ror cul o5 CopryRaroRaet v S il iéchghmets.  fuckifiers iy SR &,

Her cul es . H;stbrogeoditm purer rappamer, €€, argmatic modified Cs, pargallsaa P&‘F"@i"

3070 H|ear c U' I %t o 2nd c?ﬂBQﬁ[)HEﬁE fahiliey hive tt:een 3RGwn toe effective00f $Mcﬁla£21 gnd
nononer Pi ccol asti’c C renic - |
<50 - -4 nmm%@ff Petemg'aﬁe%ﬁ&? é%lbég‘ie%"%%eﬁ ob Thrmstance, 60 pagsgf g
22152 | 88 6 B&lﬁggt withf00 barts of 10 ﬁ%&mual ) d@ﬁﬁiﬁtﬁxﬁtﬂyﬂ#ﬂﬁmnp;dmts rgsuldtst

ora . Hercules, osin Este elite
Est er Her c%amﬂ%mﬁm&ﬁ%m 'I?&) Ehst.hanztg E%%‘F&P&@ ﬁfﬂﬁ%é‘
East man .= interpolipfhiet hiotle, Greferably a maximum 4énsile steangticofds least twiee,andres -

CS Hydrocar bo Tam Rt%léﬁbtl '
reflects pol ar?‘f’(}’r%l?l?ﬁgle esl nehmeféggro%/te?‘("t\l/‘a tfeﬂéel ndi cat.i ng a&ﬁl g %ngr ee

of polarity. NiB&e.cl oud point is a value which reflects resin aromatic
conpatibility, with Iovver vaI ues indicating a greater degree of
aromatici ty: - Fa[4H : . ; FReHQiveshe

fornul ati ons e

T:)CC”T} B‘é“gg? 1&@'46[ 2 Ir p? substantlallg8 > o(gn1 17nterpolymer of ethylene and styrene having from 73.7
to 74.9 weight percent styrene and a melt index (1,) of 1 g/10 minutes, is melt blended
with the indicated amount of Endex™ pure monomer resin, available from Hercules.

~ The formulations tested, and the glass transition temperature of the resultant

formulations, are set forth in the following Table Ten.

Table Ten
Sample No. Weight percent Substantially | Weight percent | Glass Transition
Random Interpolymer Tackifier Temperature (°C)

Comparative 100 _ 0 22.1

Ex.D

Ex. 24 90 | | 10 {236

Ex.25 |80 20 - 25.6

Ex. 26 70 30 21.7

The data set forth in Table Ten illustrates the use of a tackifier to raise the
- glass transition temperature of a high styrene containing interpolymer to levels above
ambient temperature



“PCT/ US97/ wbsi1o8ebl e Ni ne shows that a wi de variety of tacli;ctll,ﬁg”ﬁ SHyict ur es"""“ '

WO 98/10017 : ' .o

can inprove the tensile properties of substantially random interpolyners.
Tackifiers fromthe rosin ester, wood rosin, pure nnnoner Cerr]-Cerr],

aromatic nodif i ed These id other érnbodimehtHiNgR &k kkingad
cycloaliphatl n,.shown to he articular and
unexpect ed’ no e T h TAg«foraﬁéﬁéﬂ] SSUP gﬁm?’ﬂ&‘o(‘,‘d ﬁ?’&ﬁ‘yB‘Wbﬁ'G €jnstance, 100
parts of tacKpHowinglaimsi00 parts of the substantially randominterpol yner
conponents results in materials having nmuch higher tensile strengths than
the substantially random interpol yrer al one, preferably a maxinumtensile

-strength of 'at |least twice, nore preferably at |east three tines as great. .

as that of the substantially random -interpolyner alone. dass Transition
Tenper at ure Adj ust nent for Hi gh Styrene Content Polyners A substantially
random i nt er pol yner - of ethylene and styrene having.-from73.7 to 74.9 wei ght
percent styrene and a nelt index (I[err]) of 1 g/10 mnutes, is nelt

‘bl ended with the indicated anount of Endex[err] pure nononer resin,

avail abl e from Hercul es. The fornul ations tested, and the gl ass tran5|t|on

—t-enperature of-the resultant- fornulations, are set. forth in.the followng

Tabl e Ten. Tabl e Ten Sanpl e No. Véight.percent Substantially™ Wi ght

percent dass Transition Randominterpolymer = Tackifier ]
‘Tenperature ([err]C) Conparative 100 0

22.1 Ex.D Ex. 24 90 10 23“6
BExc 25 : 80 ' _ 20 - 25.6 Ex. .26~
~F0- o - 30 _ 27.7 The data set forth in

Table Ten illustrates the use of a tackifier to raise the gl ass transrtlon

tenperature of a high styrene contalnlng i nterpolyner to Ievels above
anblent tenperature - 43- :

s



WO 98/ 10017 T

PCT/ US97/ 15¥398/82%c and oth U, wr"mu, | be readily A REVPSIIEY by T
one-skilled in the art. Acco Iu”" invention is to be limted

only by the following dains. -44- .S *A corrp05|t|on conpri si ng: (a)
from5 to 95 wei ght percent of at Ieast one substantially random

I nterpolynmer of from35 to 99 nole percent ethylene and from1 to 65 nole
percent of a vi.nyl i Acompusitionicomprisingfeom §to 95 meight pengent| of jgh leastongi nyl i dene

nmononer, and (b). fr tackifier. 2,

The conposition of @S%{l%lﬁéﬂ%?ﬁﬁﬁyﬁﬁgﬂg{t@% aaﬁgn}gg?hnl nt er pol ymer

further includes atalogsic manemenpr g hindsted € MORMER %Y r oup

iona}hs“ ng SL C[ter r dptidiRily hﬂeﬁtro%xe@t q‘&-olé’ﬁramonfﬂﬂer hepdstHe on of Caim
erein the a sanla random i pt erp

interpol ymer of et h§/‘ﬁ?§ a°f°8ﬁ’§lsF% r}o'ﬁé%n?%ﬁ?r‘é“ggﬁfed by

the follow ng forrmth%vn[xﬁrdeheaioma&cmdﬂmwbrhmde:eﬂehplmﬁcmmhdehe group of

radi cal s consisting_of dro ree carbons
or less, and Ar is 39 Bﬂ ‘858{5‘39&%"%@& mﬂ?SEBﬂg%gbgwg‘ﬂ(fpwth from 1
to 5 substituents sel ected fromthe group consisting of halo, C 1-4 alkyl,
~and C 1-4 hal a2l ky| Theicomposition ofGipins il : Wheretf thertleast one sihstantially pandom

substantially. randomtn%rﬁ%ﬁéﬁpisyﬁqﬁh ﬁlﬁd,&t ﬁ‘yﬁyﬁﬁraﬁ;, ylfdeR¥ afdiffaticd

vinyl i dene aronatic or a er ed
at 1east one third moRomer repessentedhy PWE‘ PBH Aconsi sting of C3- 20
[err]-ol efins and norbornene. 5. The conpogition of Caim1, wherein the
conposition conprises from25 to 95 weight p ent of the substantial ly
random i nterpolyner and from5 to 75 wei ght percent -of at | east one
tackifier. 6. The conposition of any of the preceding clains, wherein
the at | east one tackifier is selected fr t_g‘«;@;@?p consi sting of wood
rosin, tall oil derivatives, cyclopentadien rivatives, natural and

synthetic terpenes, o 4R83R, is selected from the group of radicals con€isting of hydrogen and
' alkyl radicals containing three carbons or less, and Ar is a phenyl groupora -
* phenyl group substituted with from 1 to 5 substituents selected from the group
consisting of halo, C}-4 alkyl, and C1-4 haloalkyl.

3. The composition of Claim 1, wherein the substantially random interpolymer is
an interpolymer of ethylene, a vinylidene aromatic monomer or a hindered
aliphatic vinylidene monomer, and at least one third monomer selected from
the group consisting of C3-Cpg a-olefins and norbornene.

4, “The compositions of Claim 1, wherein the substantially random interpolymer
is an interpolymer of ethylene, a vinylidene aromatic monomer, and optionally
at least one third monomer selected from the group consisting of C,-C,, a-
olefins and norbomene. : |

5. The composition of Claim 1, wherein the composition comprises from 25 to
95 weight percent of the substantially random interpolymer and from 5 to 75
weight percent of at least one tackifier.

6. The cbmposition of any of the preceding claims, wherein the at least one
tackifier is selected from the group consisting of wood rosin, tall oil
derivatives, cyclopentadiene derivatives, natural and synthetic terpenes,

t| c vinylidene nononer, and

/
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t er pene- phenolics, styrene/[err]-net hyI styrene resins, and m xed .o
al i phati c-weyemedrc t acki fying resins; 77— ""The Conposi'ti orcwiuseyressas 1,
wherein the conposition further conprises from5 to 75 wei ght percent of at
| east one nodifying or extending conposition selected fromthe group
consi sting of par aftérpenesphearkbics, styrenefcairiethyd stycdngeredind, embmivedsdiphatia-r al ow
nol ecul ar wei ght e%ﬁ{}ﬁ?ﬂﬁ fe§inshormgeneous | i near or substantially
| i near ethylene/[err]|-olefin-interpol yners, polystyrene, styrene bl ock
copol yners, ethylene vinyl acetate, and _anorphous polyol efins. 8. The
conposi tion of-d aumfommsﬂenﬁmemeWGmnf ﬁomﬁppgﬁyﬂsrmnnmm
wei ght percent of @ng 78rw e&feﬁ?&sﬁ'léﬁt&ie%ocﬁ ﬁgf dﬁiq 3HRAP

i-ni.-c .0i

consi sting .of phthalate ers . nat.ur.al . r napht heni ¢
oils, and aromati c Selefted ?@m em%ﬁ’ﬁﬂ%g? Rﬁ’igf%f‘caweévf“ﬁ‘l@ﬁb‘? ecedi ng.
clainms, in the for m‘eﬂwlvemcbhﬁas Juttralbensinsleailaroweight éthylsrerpolyanerspackagi ng

extruded articl 'e”gre%%%’e%%ﬁﬂ o SRR e P TARRL S o R e P oy
of the preceding clpalystyremenstyvime blockuopblymersy efylene yinyl acetqte, mnd anpephoise d

fromthe group con?bf};o of waxes, honpbgeneous |inear or substantlal Iy
| i near. -ethyl enel[ efr

et hyl ene pol yrrers '11'5 OCGSSI ng aids, and _m xtures thereof. 11. . The
adhesi ve of OBai m The campesitian ofClaimls péherein the\compasitinn Fomprisss fipwe | to 60 -

conprises from 25 wpigh peﬂieﬁmf&er&mmgiocéésmg\/axw&d&ﬁaeﬁoﬁmwgm rmnorrer

or hindered aliphatic.vin norrer The.a SI v 0 or -
11, wherein the- adf8ef W%?fn&?%@go %%99%&?“3’6’8 ebt%mfé’ S

i nt er pol yner conpomsomatiodilsch differ. in the ampunt- of- Vi nyI i dene aromati ¢ -
nmononer- or -hi ndered aliphatic vinylidene nononer content, which differ in

nmol ecul ar wei ght, ' ' '
46 AVENDED SHEET q'i’le%hﬁ)%&ﬁbﬁt)?&ﬂ}l of tﬂQ b&c&ﬂﬁg i) in e $03Pof an
o _ : adheswe, layer of a multilayer food packaging structure, coating, sealam
or molded article, calendared artlcle, or extruded article.

- 10.  An adhesive which comprises from 5t095 welght percent of at least

' one substantially random interpolymer of ethylene and a vinylidene
aromatic monomer or a hindered aliphatic vinylidene monomer and
optionally at least one C3-Coq a-olefin mon_bmer, wherein the
substantiﬁlly random intelpolymér comprises from 1-65 mole percent of
the vinylidene aromatic monomer or hindered aliphatic vinylidene
monomer, and wherein the adhesive further comprises from 95 to §
weight percent of at least one second component selected from the
group consisting of tackifiers, waxes, homogeneous linear or
substantially linear ethylene/a-olefin interpolymers, ultra-low molecular
weight ethylene polymers, processing aids, and mixtures thereof.

11.  The adhesive of Claim 10, wherein the substantially random
interpolymer comprises from 25 to 65 weight percent of the vinylidene
aromatic monomer or hindered aliphatic vinylidene monomer.

12.  The adhesive of Claim 10 or 11, whetein the adhesive comprises a plurality of
~ substantially random interpolymer components which differ in the amount of
_ vinylidene aromatic monomer or hindered aliphatic vinylidene monomer
content, which differ in molecular weight, or which differ in both the amount
/1 _ T
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of V| ‘nyl4 dene aroneti c nononmer or hi ndered al i phatic vinyliden
cont ent and VR S88MEGIar wer ght." 13- 7 "The"adhesive of Claim &%%@”‘

conprises: (a) 5 to 75 wei ght percent of a substantially random

i nterpol yner of et hyI conmn r or
hi ndered al i.phatic vi n%ygg%%%%ﬁ?%@ﬂﬁ%&%&%&;%ﬁ%yﬁgg RO
greater than about 1Comentaaddn melgsulasaightom 5 to less than 2.5 nole
percent of the at |east one vinylidene aromatic conononer or hindered

al i phatic vinyl jgleneTre gaRiRof Cldin 12, vﬁmg}%&nﬁ&e@ wei ght percent of a
substantial ly random i nterpol ymer of ethylene and at |east one vinylidene

aronmati ¢ conononmer or hin ali.phatic i dene, conmpnoper, ich
interpol yner- has an M of Itggg“ﬁ‘ﬁﬁpﬁﬁﬁﬁ"t"f]@% 166%‘!‘ rh Pfi o
Ies?] tgan 3 rrFI ehper cent eﬂzyldneaﬂdaib&bnemmyﬁg&)éardmaﬁcedmﬂﬁ&madtm&ﬁ?sr
or hindered aliphatic vin n noner ;. an rom>5S 5

percent of a substantiall Ih@fﬁﬁ %;%pwer \g’ﬁ%hﬁ%ﬁ“ e E!;aa Péggf one
vinylidene aromatic conongrmterdtanhbndtet();ﬁb(bdndrﬂmiprmeyﬁnmli Wdess than2Smodey |,

whi ch i nterpolyrer has anpMieflorios 1Lp0ne PRy adie AN bon IR GPnBliered

least 25 nol e percent of y at |'east one vin conononer
“hi nder ed--al'i phat i ¢-vi-ryi-aliphaticyinylidans comanomer;The . adhesi ve of any of
Claims 10 - 13, wherein.the substantially randominterpolyner is-an

i nt er pol yner Of et hYtlﬂne ﬁ%inSﬁﬁﬁSw@igﬂtyétBéﬁtloﬂﬁﬁﬁbsﬁﬂmﬁ%&dﬁﬁfﬁ olyﬁx@fiof

oy oLy ot et O g oSyt MSaHR
ai ns - -as. applie

'gonSI SEI ng 01;1 at packa?e taﬁpﬁaﬁawma&bemhmmt e{r,apmhmb@blymhteﬁkanbﬁndmss
ecorative sheet, protec eram |

fl ooring, carpet backi ng,hﬁgﬁmvggnzq&ﬁﬂ&@ Rﬂfvseﬁmf’aioﬁ%ss%é?géﬁgk ﬁfn?fe

devi ce placenment stri p sthe at isastragie vimylideng aroietic comohamenwrdiindased gl

16. A coextruded or |ampatigcheBohidnbféRiantli | M in which at |east one
| ayer conprises an adhe5| ve“.conpri gl;dng at ﬂneast one substantlal |y random

I nterpolymer of ethy ?”e B0 8 el B e i Sterpotymer of
T ethylene and at least one vinylidene aromatic comonomer or hindered
aliphatic vinylidene comonomer, which interpolymer has an Mn of less
than about 8,200 and comprises at least 25 mole percent of the at least
one vinylidene aromatic comonomer or hindered aliphatic vinylidene

comonomer.

14.  The adhesive of any of Claims 10 - 13, wherein the substantiaily
random interpolymer is an interpolymer of ethylene, at least one
vinylidene aromatic monomer, and optionally at least one a-olefin
monomer.

15.  The adhesive of any of Claims 10 - 14, as applied to a substrate selected
from the group consisting of a package, carton, bookbinding, tape, label,
decal, bandage, decorative sheet, protective sheet, ceramic tile, vinyl
tile, vinyl flooring, carpet backing, nonwoven fabric, woven fabric, -
personal hygiene device placement strip, sun control film, gasket, caulk,
wood, or veneer.

15. A coextruded or laminated multilayer film, in which at least one layer
comprises an adhesive comprising at least one substantially random
interpolymer of ethylene and a vinylidene aromatic monomer or a

_ 47-
This Sheet Has Been RT

-_\i\!l\llj\\\l\]llljl L . __ VT




- 47- WD 98/ 10017 ' L

- PCTHUS97/ %MM‘ndered al i phatic vinylidene nonomer and oppdUSYThysaat

| east one C3- C20 a-ol efin nonomer. 17. The coextruded or | am nated

mul tilayer filmof Caim216 in which the adhesive is adhered to a netal
foil. 18. = A tapehmdﬂpdahphaylca!lrmﬁdemmmmeraddmphohdbatte!mstap:m: <d an
adhesi ve conpri si ng, %._01 & @rto 60 weight percent of a substantlal |y
random i nt er pol ynmer % % ene and a vinylidene aronatic nononmer or a

hi ndered vi ny den ar omatlc monoprer and .opti gnal fl'}é at Ieast _one C3-C20

[err]-olefin e coexfryded prdaminated myltijayeriim pfiClai rising
from25 to 65 vvel gmhemémeﬁﬁt{,bmewm]l dene aromat | c m)noner or hindered

~aliphatic. vi nyl i dene nmononer, b. rom 40 to 60 wei ght percent of a - -

e o™, a8t e SR oo Sl ?G-)- at

25[err] C of from 200m1ﬂs§ng'r] to 5 x 10[err] dynes/cnferr] (0.2 to 5 MPa).
- 48-

‘a. from40t060 weight percent ofa substantxally random interpolymer of
.ethylene and a vinylidene aromatic monomer or a hindered vmyhdene
aromatic monomer and optionally at least one C3-Cpq o-olefin.
monomer, said substantxally random mterpolymer comprising from 25
to 65 weight percent of the vinylidene aromatic monomer or hindered
Coe= s aliphatic vinylidene monomer, |

- b from 40 to 60 weight percent of a tackifier, and
c. from 0 to 10 weight percent of a processing' aid,

' wherein the adhesive is charactenzed as having a storage modulus (G') at 25°C of
from 2 x 103 to 5 x 106 dynes/cm? (0.2 to 5 MPa).
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