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The subject invention relates to hot nelt adhesives conprising at |east one
hanogeneous |inear or substantially |inear inter oI mer of ethylene with at
| east one 5 ([err]-(ferr ADHESIVES COMPR , POLYMERS each said

I nt erpol yner having a polydlsper5|ty Iess than about 2.5, and
articles constructed therefrom Such hot nelt adhesi ves are useful in

a variety of applicafhéas &é&@ﬂ%ﬂttﬂﬂrél&t&s%othidﬂd&%&& comprishfPatleard bRe

case and carton seal, packaging, glue sticks, foamin place gaskets, and
particularly prhmnogeae wm@dﬂm&ﬂbeh@nﬂmglyamdofa&ylenadhﬁmt\lm one

Bhest ves, i agfr-Gaaoiain firntr ShasharPRa o ook st ol linie AR , o
based on any. S'fmiw%%mmmm&\g& Wk%ﬁ?‘%ﬁ'sﬁﬁw iR R gaet

acetate; nat ur aldhesi9ldre Wsefil K varRAPOD AP 1cmtﬁ1%tlﬂélﬁd|ﬁ§ but not(l{rkited62"P! €,
styrene-i soprene-styrene bl ock copolymers, styrene-butfadi ene-styrene 15

bl ock copo![ ymr@%ﬂ%yﬂwmwwﬁnwmowx?pﬁmygm?&aﬁ]hl
as i nterpol yirers of butyl acy y ate nmet hy
net hacryl at e) ; m“wypmmy%ﬁ&wm éﬁg%%La C%MF B8
Clerr] and greaffleside agéﬁlhxﬁ Ed!ﬂ rw}&gF

copol yners %f propyl ene an er or wéers,%o ef1ns, angg y%‘tljtene 20

Li near | ow densddn;unaio;ﬁdhpheeﬂbnaskﬁblyd‘exmﬂoyemafﬂmmbene have been used

as a base polyner in_a variety_of, hot si ves articularly for case
and carton seal Hioricatlyy adbgsiyspha vgi’sw%eﬁﬂa@m V??PW&“FI?@SF@SUIU ng

For mil ati ng. hotPN Y ntid@jene vip}! e Jatithl Mba o AR oBO il Bbstbiis

| ow density polfexr dxahi& styénd REprehérstyfene dldckl dopt @m&ésw&sbmen&y%%
fromthe disadvantage that due to their crystalline nature, they tend to

be very sti¥f dackeapolymens, and styreserbutadient eandomrapelymers); acralies (shehnas o

P ohest ves have TPERPRIEACH O BUARE e o091 NSy T A e, S80 clB nitinclafi o
failure tenper ainé yolefins, RAd YRl ke, aMerphoas Uaand greatet birolefmes, WadHdst Y as

a base polymer in onulatlng pressure sensitive adhesives, 30 partlcularly
due to poor oi |atasticolypropylent,icopelymers of propylene and higher order a-olefins, and

polybutene.

20 Linear Jow density polyethylene and low dénsity polyethylene have been used
as a base polymer in a variety of hot melt adhesives, particularly for case and carton
sealing, wherein upon cooling and solidifying the resulting adhesive is relatively tack
free. Polyethylene waxes are also used in formulating hot melt adhesives. Linear low
density polyethylene and low density polyethylene, as base raw materials for

25  adhesives, suffer from the disadvantage that due to their crystalline nature, they tend to
be very stiff and have poor cold temperature properties. In addition to poor cold
temperature properties, polyethylene case and carton seal adhesives have limited hot
tack, resulting ih low peel adhesion failure temperatures. Further, polyethylene has had
limited utility as a base polymer in formulating pressure sensitive adhesives,

30  particularly due to poor oil holding capability.
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PCT/ USO7/ ablsit33921 Et hyl ene vinyl acetate (EVA) baETAISY/8416hs are
limted in that as hi gher vinyl acetate |l evels are sel ected, although
crystallinity decreases and el astoneric rmance increase,

erfo
compati bi lity wit hEthylens vdrylgeetate{E¥)dasad SYetoms ase imited in thahas bigherghnyl

EVA is typicall L ' €SIzl ' appl i cations.
5 or Qe o Pl s P MO EASGnRRRT bberkie Pl Qi GnBRE . OF' 1 2k
peel  respafciimficéiitreass; epmpaibilityowith forbiddtidn iAgredien s detteasdsONer s may
be utilized in solvent- . based, water-born, and hot nelt pressure
sensitive adhdesordinglyENA is typigalheutilized in non-pyessunessennitivaadicsive epplications.
el astonerg are disggvant ous 4.n that t sites .pf sat urat i.on in
the bl oc k%copo! yneﬁil?fgcﬁ?égﬁg‘eﬁﬁkgmﬂ@ %ﬂ' ia\'?_gng}%é‘bg{i?‘meé’t?ﬂ*dgﬁ?ladat i on
by the 10  aciekigtingé aftktidep'redizthnbé properies.C SutH Sbstomers mayuum%.@%xhhsnt.

systens, while stable to oxygen and ultraviolet light, are In lor to
bl ock copol ynbased, watershem, arydshot meelt pressurensensitive hdhdsiiesnHowelver, adbesivecel and

creep resi stance, Further, such systens are typicglly available only
' the sol verSiRIsEHan such clasiomes ApAimdvayiagse it ik Hegtiehe n

di sadvant age ‘?ﬁﬁpﬁﬁ“% %ﬁké elaly : . SA\P}; hous
pol yol ef i ns ﬁig\?g&gfeogiﬁtﬁgﬁ Ized 1N ge esl @‘gja??"st erréé,ﬁc?tnb eetél)s egxl-ar(]ia%%r it
to providm i ngutioned oxygé dridiultriviolekligitn and ultraviolet |ight, as conpared

to bl ock copol yner el astoner systenms. Due to the fact that anorphous
pol yol ef i ns have bAsfylic systems; while stable tg oxygen and ultravioletdight, ase inferier toduct s,

t hey have be ' ' | . L hion, | i

| eading to aﬁ%@%gﬁg%%%sééwﬁ particu gro,fa&gt ééei%ﬂ&c}e&;
-but ene has &e&iﬁtﬂeﬂCFuﬂ&rﬁ\ﬁ%ystﬁﬁy%a*ﬁibﬂ@ @ailable R inQhé sélVerittabéPand
substrate, |eadin to a profound | oss of tack. When oil is added to

i ncrease tacky ogie| systemssmaking than fusther disadvantageoustfor thedrasony setiforth t he
backi ng | gyer ,or the substrate. Due to the heterogenity of branch
di stributTon %B?(Yebroad nmol ecul ar wei ght distribution, adhesives conprising

less 25 than 40 WAKHIHhAR PoRfoleffiFHaRe Both iilizé@ iPAdlRSive Sfdterhs 2 fealEidbpart
cohesively, suffer fromlow tensile strength, and leave a residue on

t he subst r at ctoqrovide émpfaved siability topoxygen and ylirayiolesdight; ae comparerddo blackher ent
poor cohesive_ strengt adhesi ves sed o anoy phou 0 | efins tend
Fo have o hi GFoPEOAEE FpiRE P StFea DA B Taeh e apparRbos potydiginhele heen
relatively higboyicaifyavdidibledd séactibhl By Profits, théy havs!Béch iREGHSRARN In S8de,
pol yol ef i n-based adhesives unsuitable for use With spray api)xll I catron
equi pment20at composition andivisesityj leading to a poprchalange of propeitiess In particaliar poly-
32 Slerr]F (1 617-%8&;113 %s a 'ta\cﬁggcr}otg Sélowly 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. Due to the heterogenity of

branch distribution and broad molecular weight distribution, adhesives comprising less

25 than 40 weight percent amorphous polyolefins tend to be weak cohesively, suffer
from low tensile strength, and leave a residue on the substrate surface after peeling.

To compensate for their inherent poor cohesive strength, adhesives based on

amorphous polyolefins tend to have a high concentration of amorphous polyolefin,
resulting in a relatively high viscosity. Such high viscosity renders amorphous

30 polyolefin-based adhesives unsuitable for use with spray application equipment at
typical application temperatures of less than about 325°F (167°C). Amorphous
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PCT/ US97/ O4k®lo733921  pol yol efins further disadvantageously teRECTUSQISL
unpredi ctabl e agi ng characteristics due to an uncontroll ed secondary

AR =W VAT R AT NI T K T
| near et hy ene%lﬁ%)%%ﬁtﬁﬁﬁ%%%ﬂé%ﬁhﬂ&{ Eauzbd by tHe xﬁgécﬂ-l; lcié%@'l@ngth

cat al ysts have Dbeen recen y I ntroduce nogeneous

pol yners are chadadisteibutiemofthe Bamongmer bancking.nol ecul ar wei ght di stribution
and a uni form short-chain branching distribution. In the case of .
substantial |y |i near Homogenesupjinearand suhstentially dinear ¢tbylsneprlymerspreapared using

| further.ch i zed h | haj n.b hi ng.
Substanti al Iy | FEISSItE SR IEAHOoR Ry s e besf oAty Apibdioed. Hamogeneout o,
The Dow Cheni caly #é Charabtefiged ds Rirkdiv Bloléculi¥ Welght distribution

whi ch are produced using Dow s Insite[err] technology. Honbgeneous | i near

tet hél ene . i:ndmf mmslﬂmml i tb!lahdling distribution. @&n;raaa#ﬂtmmgl 'zllyglimart he
rade name Exac rr OITEr S. ‘ se al. . S.,
Patent No. 5, 53?&'@5&4 PlymErss ogsoeous fthwlens polymerare gharacterized gs,
essentially of: P | : :

about 6 to abou &%S@M’Wgﬁi togaierr? lsﬁﬁgx%}a@’%oﬁ&ﬁe&ﬂ‘i’ly
produced i nig heavaflable fiotn The Dow Chemival Gomphny ay A fnity™ polyolefin plasiomers,

met al | ocene and an_al unoxane and havi ng ,arrlul\/[ errl]a of from about
20,000 to about Whish agmprodused ysing Royysdnsitel trehmelogy; Homoggpeaus lingar ethylene

sel ected from ' ' EX@%I' | hg[q(; Il L hehdrhd @5
wei ght 20 pergg(ﬂ?&g%seag?kiﬁifgﬁe/ uer%‘f-xéﬁg:opo ?/ﬁmsr av&?g&%tgg{e%? I'C ng\Lﬁtty
of either 0.898plgstomess I | or 0.90 1 g/cnferr]. Tse et
al, U S Patent No. 5,6548,014, clains a _hot nelt adhesive conposition

conprising. a bl end ofsagtials U Patast Mo 5,530,054, cleims ahatimseltadhesive composition

copol ynmer h a_ .. errl Jfron t O : bgut 39, 000 an he
second cop ofi rre?onﬁ’ffgng[’m#}y %néﬁfg(gbﬁ “5%%9 3%'%5&9%1{&0‘:03%%’&{“ fgsg’@fifﬁ‘.e apd .,
of the hot mel taAlh6 %6 Hissut 89EIEht PeRnESNIPC] LG, ¥-olefin pPddRIGEd B the PR EESSS
contains 45 wei ght percent copolyner, with at |east one of the

copol yner s havi sigatalygisiomfiositionsompriging: wetallocene 2nd anminmeoxaneend having an M,
gl onfert]. ” of from 3868 Ao 5 SBORL0d 0, 45T () s iocabontndibitn miiE &t 1 or
adhes: on, Vol . SeciedBorldtearedii CERARAIIAL B HREOSHBnEUSIREAP of 49 Mokt ©f
conpar ed " Wi2th hpsreent of eﬂldhasfbumé-ﬂampdl)mr having a specific gmv’ity of either 0.898 g/cm®
3 or 0.901 g/cm’,
Tse et al, U.S. Patent No. 5,548,014, claims a hot melt adhesive composition
comprising a blend of ethylene/a-olefin copolymers wherein the first copolymer has a
M,, from about 20,000 to about 39,000 and the second copolymer has a M,, from about
25 40,000 to about 100,000. Each of the hot melt adhesives exemplified comprises a
biend of copolymers, contains 45 weight percent copolymer, with at least one of the
copolymers having a polydispersity greater than 2.5. Furthermore, the lowest density
copolymer exemplified has a specific gravity of 0.894 g/cm’.
However, Tse, in Application of Adhesion Model for Developing Hot Melt
30 Adhesives Bonded to Polyolefin Surfaces, Joumal of Adhesion, Vol. 48, Issue 1-4, pp.
149 to 167 (1995), notes that compared with hot melt adhesives based on
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PCT/ USQ?A,E&;%MI et hyl ene/ vinyl acetate copol yner, hot preésitiagai ves
based on nogeneous | i near et hyl ene/ a-ol efin interpolynmers show

hi-gher viscosity and inferior tensile strength, but better bond
strength to pthiylenbbvinyl agetateaopselyniet, giwmdxtadhémvatbalmbﬁxkhmdgémw liseae! d

bl cnded pol ySpiencla-oleB JETRORHES sba Hider P i am interior ohsis Srpatty ot of
0! phous. poPg ool SEEfB@R polyolefif RaaBRe HIGHEE il bR o FoRBnlla |

cl ai med conpstressng from 20 to 97.5 perent of a traditional pol yol ef i n.
The exanpl es set forth in Lakshmanan teach cogfosmlons wi th high 10

concentrations, alaksusanangtal.,14ScBat: Noy5.307,84%, teashesblendrdpolymener s and

L1 adi ti onal %%ﬁ*%?& i aefiRund of £ 8GR of BB A B o dlefin and: o
i's "Fl exoner adQharp Hoh@ﬁbb‘ﬁt@?leﬁé&hﬂ/@?amﬁ?pﬂoﬂﬂ?ﬂ yolefin, dr k@RS Hepdire A hatf 15

wei ght percent, a nelt index of 5.0 g/10 mnu a crystallinity evel
of 26 percenmkmhﬁlmwﬂmmawgmmqw Spmmﬂ-'cbfemmdamc}nqbol on ef| n

];)(r)loqullgpersﬁ’& %&P;&‘ de Ifeﬁ Rgthﬁ ‘egfaggl es |s bel i eved to g* vvoul g

find greg ?&F% NagOdst tqzﬁg Y m%gg

et hyl ene/a olefin |ntdgr?)to rrg‘?'g f %hé%gsfia g%p%rmgropertlegmer
which is supﬁbmhetpee\nami)edoﬁanbéddmachrabtagesqﬂtmdlﬁmml polgblefinn cThe sitigle
Accordi ngly, the subject inventigon pertains to an adhesive _conprising:

(a)  from 5eibylens apd poplefip exeraplif ‘safleP‘%wQﬁ?e from Linien Garbideshaving a
's a hormgenfqﬁ%nl | Bt gf:jlszs 1| Y mbelt o?tsr@’%ﬁg%ﬂ?@ £ thydealtinity

i nterpol ymer "¢ aracLeriz ng i AERY y frOr

0. 885 g/ cni elevkl of226 percent and adensxty of 0(900 g/crht. dm&‘ma«ﬂﬁerwpb%lefﬁﬁfr@ﬂnt of
at | east one_tackifier; (c), fromO to about 90 wei ght

percent &% alUnienGarbisiedepicied inthe examplesiis believed to have a polydispersity greaterom 0
to 90 wei ght §nt of at |east one wax; wherein the sum of
conmponent s (Hﬁ%zg and (d) conprises 5 to 95 wei ght percent of sai d

adhesi ve conposi t "mhse@mdumy would filiPgreatidoadtagdindiot el dduesiey based bl NS
to a hot nelt adhesive conposition conpri sing:
4 homogeneous ethylene/a-olefin interpolymers which have a balance of properties
which is superior to those which have been previously attained.
20 Accordingly, the subject invention pertains to an adhesive comprising:

(@) from 5 to 95 weight percent of at least one interpolymer which

is a homogeneous linear or substantially linear ethylene/a-olefin
interpolymer characterized as having a density from 0.850 to
0.885 g/cm3;
25 (b)  from 0 to 95 weight percent of at least one tackifier;
| (c¢) from O to about 90 weight percent of at least one plasticizer; and
(@  from 0 to 90 weight percent of at least one wax;
wherein the sum of components (b), (c), and (d) comprises 5 to 95 weight percent of

said adhesive composition.
30 The subject invention further pertains to a hot melt adhesive composition
comprising:
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PCT/ US97/ 0449733921 (a) a honogeneous | i near PCEUSSpOASIEr
of ‘ethyl ene and greater than 30 wei ght percent

as determ ned by mass bal ance, based on the
total weight of ethylene @d @dweseessasousdmeaninterplpmenof ethylene and greater than

conononer having from3 to 20 .,carhb at o Ich cpopol r .. 5

has a wei ght average nol ecul aP%mlgﬁﬁP?anﬁﬁ“&PM%Bﬂw%"’asedm‘hc
100, 000; and total weight ofethylekd dddéomonomer, of an a-oleffif

subj ect invention further pertains to an adhesive conpri sing:

(a) from5 to 95 wei ght per cemonofmenhavingfromchte 20¢azbgroatoms; whithaopéymer
is a honbgeneous |inear or sufstantiglly linear ethyl enel/a -olefin
i nt er pol yne® characterized as 9i‘7ﬁ;§l§ %F‘°k9@$‘éé@lgq’t(&w) of from 2000 to
nol ecul ar weight (Merr]) of | han, 20, 000; (b)

10D Dop_ 5

fromO to 95 wei ght percent o one tackifier;

(c) fromO to about 90 \w)gh&m nt of at |east one plasticizer; and 15
(d) fromO to 90 wei ght 'percent of at |east one wax; wherein the

sum of conponent s ( bThe gubject imention) furtheppértains 10 anadfésivecaipriging.cent  of

sai d adhesive conposition The subje% I nvention further

. t
provi des various adhesi ve@onp@??"cﬁwweigmmﬁ & least apg interpolgner which n
vari ous adhgsi ve applicati ons. isl%rm 2 Co%@ﬂ#@&%ﬁwd}‘w&g&‘ggﬁ“

further pertains to a hot nelt adhesi

(a) from30 to 97 weight per iférpolymedchar@@eiized s Havingla Weightt@erage
which is an interpolymer of ethylene and at one (Jerr]-Clerr]

a-olefin, said at |east one fimoleqylar weight (M. hef less than 20,000;

characterized as having: 5 . | a,density of
fromO0.850 to 0.885 g/cnf¥Err] ,from0to95we1ghtpercentofatlgagtoneﬁc#ﬂfera nunber

average nol ecul ar wei ght gy defiei® fPsbout 90 weight percent of at least one plasticizer; and
by gel perneation chromat ography, of |ess than

20, 000; 15 (d) (frpm 0 to Yhweightpetcentof gHicaspone wax; of at | east
one second 30 . ol yrmer i.ch Js an hyl ene
honopol yner or Vgheremthesumofc?mponents(bg,(cimd(%]cgms%ipg“é{gia&p@g;gnwfth
at | east (err]safd sdtelive compbiifion.

The subject invention further provides various adhesive compositions

which are targeted for use in various adhesive applications. In this regard, the
20  subject invention further pertains to a hot melt adhesive comprising:

(a) from 30 to 97 weight percent of at least one first polymer
which is an interpolyimer of ethylene and at one C3-Cpq

a-~olefin, said at least one first polymer being

characterized as having:
25 ‘ (i)  adensity of from 0.850 to 0.885 g/cm3,

(iii) anumber average molecular weight as determined
by gel permeation chromatography, of less than
20,000,

()  from 3 to 70 weight percent of at least one second
30 polymer which is an ethylene homopolymer or an
interpolymer of ethylene with at least C3-Coq a-olefin,

5
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PCT/ US97/ the at |east onepSEEResRE YMEr
bei ng cha%@?@?’%d as havi ng: % b

(i} a density of from0.910 to 0.970 g/cnferr],

(1) a nunber average nol e i ' .

by gel perneation chronat ogr%%lﬁoﬁgg&?‘ﬁgﬁiﬁgb@ﬁgﬁﬂmm”

6, 000; and havingt c) fromO to 70 wei ght percent of one
or nore tackifiers. In one prefrred enbodi nent, the adhesive

conposi tions of the present () |dyé&isity QFfRAFODICESOIOP0 gRASD ti Ve

3

adhesi ves, which are characterized as having a 10 storage nodulus (G ) at

25[err]C of less than 1 x 10[gtr] dynes/cnjerr 1 a‘%. d | ass
transition temperature (T[err ; ofa¥%ﬁ?‘-a%’agfh‘éfﬁ“g;r e@ahqﬁﬁ @edr abl y

fromO[err§Cto 20[ err] C and byogel perméationichyorhatographiy) of tesh Chaino
20[err] C Opti onal | Y6 ob@eaggdhesi ve conposition of the
i nvention may further contai n’an’additi onal polyner selected fromthe

group consisting of conpatible 15 elastoners, such as a thernoplastic
bl ock copol ymer, pol yami(gks, fzemOind@sveight percent of enegrimore tapkifjess.ef i ns such

as pol ypropyl ene, pol ybutylene or polyethylene, wherein Mvis greater

t han about 3000; i 1hehe Bodiment Biesadhbsité othdsitions of thyl présedk | east
one conononer ,sel gct ed Tromthe ol o%cona Slt[ilﬁﬂggff Vi ellyjilﬁgcgsters of a
saturat ed car BOXIHPR Sy RTESSHER FEREHYD A SHeb Y ; B RaYIR8R nono- 20

or di car boxy! sworage medults (G') at 25°Cofiiess tharolg,10bdymsiche (bMBa)tand a glssr eof ;
and m xt %ﬁ%‘] : ?n@gra _gse LAER oY ENt i ON
provi des hot ne ugﬂ esl Vet}slre(’l")offrom 63CH 30 !ﬁmg’g%s eb'hy lgﬁ)etgél ymer s

) conpr I'si_ng "honogen
in conjuncti oﬂmmm@ﬁm@mtﬂyfmm%cw yl ene or het er ogeneously
branched |inear | ow density pol yethylene 25 having a wei ght average

nol ecul ar wei ght ( \dptionkily,3he adlfsivetompobitich of félnvention iy fakthee- vi ny|

acetate (EVA) corttain an aocid){t?orgaii ;e)blymer selected from the group consisting of compatible

15 elastomers, such as a thermoplastic block copolymer, polyamides, amorphous or
crystalline polyolefins such as polypropylene, polybutylene or polyethylene,
wherein My is greater than about 3000; interpolymers or ionomers of ethylene
with at least one comonomer selected from the group consisting of vinyl esters
of a saturated carboxylic acid having up to 4 carbon atoms, unsaturated mono-

20 ordicarboxylic acids of 3 to 5 carbon atoms, or salts or esters thereof; and

mixtures thereof,

In one embodiment, the invention provides hot melt adhesives
comprising homogeneous ethylene polymers in conjunction with low density
polyethylene or heterogeneously branched linear low density polyethylene

25 having a weight average molecular weight (Myy) greater than about 3000,

ethylene-vinyl acetate (EVA), or a polyamide.

Optionally, the at least one ethylene/a-olefin interpolymer utilized in the
hot melt adhesives of the invention may be provided in conjunction with a
second homogeneous linear or substantially linear interpolymer, which differs in
30  atleast one physical property selected from the group consisting of density,
comonomer type, number average molecular weight and combinations thereof.
The interpolymers may be blended at ratios ranging from 0.05 to 20 ratio by
weight to 20 to 0.05 ratio by weight.



Optionally, the at |east one ethylene/a-olefin intrplynmer utilized in the
hot, nel t adwessmas2iof the invention nmay be provided in conj un®OIfFSR04161a
second honobgeneous |inear or substantially |inear interpolynmer, which
differs in 30 at |east one physical property selected fromthe group

consi sting of densitlnapre t, & fipst homogbssous ethyiae/coletinu| ar

wei ght and conbd_nat.| fa o eis i e.bl ended at
rati os ranging _%%h?‘gﬁggd%ﬁyole%sym0‘896%%h¥ﬁé%gg;ﬁ%?wﬁﬂp§t i 0 by
wei ght . with a second homogeneous ethylene/a-olefin interpolymer hving a degiy7/ 33921

PCT/ US97/ 04161 ter than 0.900 g/tm32 preferred enbodiment, a first honbgeneous
et hyl ene/ a- ol ef% n I nter pol yner having a density |ess than 0.870

g/cmerr] is provided in copjynctio .t h a second honbgeneous
ethyl ene/a-dlefin i nﬂb‘b‘!ﬂ m&ﬂwimwger&dcfmq\&w% the subjegtin¥entionprovides o
g/cnferr]. 5 ahot melt adkesivecolfprisinguil arly preferred enbodi nent, the
subj ect invention provides a hot nmelt adhesive conprising:

(a) from5 - 95 wei ght rce . A r.omxture . which.in <4 s
turn conprises: (8" ©Bonts gs.wmmeﬁ%%%f?%wg‘%w%h@%t
percent of at |east one first tgncompnses: pol ymer
which is an interpolyner of ethylene and

at least one Clerr]-Clerr] a- @i‘%efi front 56 1797 Weikht p&oént'df abfeast one first

pol ynmer being characterized as having, a densit .
of fromo0.8%0 to 0.920 g/cnierr], a lyglq.y\%@}i%anmterpolymerofeﬂ;ylenemd
average nol ecul ar wei ght as det r ni netileast ogelC31620 a-olefin, the at least one first

perneati on chromat ography, of less t 80. 000, . . .
i (i PO Dig Spapactoriced ax having  depsiv o
| east one second ' of&om0.850t00.920g/pn13yaldammbbris an

et hyl ene honopol yner or an . .’ ol yrmer
of ethylene and at |east one qerr]?%CZ%IOIMNWghtasdetemmdﬂﬁiéP

a-olefin, t¥e at |east one second pBfERAationchromatography, of less than 80,000;
and

(i) from 3 to 70 weight percent of at least one second
polymer which is an ethylene homopolymer or an
interpolymer of ethylene and at least one C3-Csq

20 a-olefin, the at least one second polymer being
characterized as having a density of from 0.910 to
0.970 g/cm3 and a number average molecular
weight as determined by gel permeation
chromatography, of less than 6,000; and

25 (b) from 0 to 95 weight percent of at least one tackifier;

()  from 0 to about 90 weight percent of at least one plasticizer; and
(d) from 0 to 90 weight percent of at least one wax;.

wherein the density of the at least one first polymer and the at least one
second polymer differ by at least 0.01 g/cm3 and the number average

30 molecular weights of the at least one first polymer and the at least one
second polymer differ by at least 5000.

The subject invention further provides a polymerization process comprising:

7



characterized as having a density of from0.910 to

0.970 g/ nunber average nol ecul ar S97/04161
wei ght as e%(r;?rﬁned by gel perneation PCT/O
chr omat ogr aphy, of |ess than 6,000; and 25 (b) fromO

to 95 weight percent of(at | esstingby contaétiriy ethylene and at Jeast one C3-Cog o ( C)
fromO to about 90 wei ght percept. of, at .| east one plasticizer; ang

(d) fromoO to 90 wei ght per c@gfingmdst solwlion polymerization conditions, in the

wherei n the density of the aPrdsﬁ?&be@ﬁlélé&iﬁécM&ét%fnp@&l oh 1R afifeak@st one
second polyner differ by at d

east 0.0Q1 qg/ err] .an nupber average 30
nol ecul ar wei ghts of the at PQ%WCWMOP??@LBWMP%ﬂ W@T;g’t‘“l east one
second pobyner differ by at whichisagGiterpolymer of ethylene afitl¢hessatligasec bné nvent i on

further provides a pol yneri z@hil04y 8-slefs the atledst 6hé'Hist polymer bein,
7 WD 97/ 33921 3 . . polym g
PCT/ US97/ 04161 characterizedagjhavingeact i ng by contacting ethyl ene
and at least one (Jerr]-Clerr] a -ol efin, under

sol ution polynerization condii ong.dehsity éffrom 0.850 to 0,920 g/em3
presence of a single site catalyst conposition, in at |éast ’

one reactor, to produce a sok. tion of ,a first

r .o .
which is an intepol ymer of etil eﬁg%gwﬁ%%gﬁgmasdemed
Cerr]Claor] a-olefin, the at |eaby gehpermeation ¢habmawgraphiyef from 5,000

characterized as having: . (1) a density of
from0.850 to 0.920 g/cnferr], to 80,000; and (i) a nunber
average nol ecul ar wei ght as determned 10 e

by gel perneation chromat ogr @Hhy, agoleculan weighdlistribution (M,/M,) of from

to 80, 000; and 1.5t02.5; (iii) a nol ecular weight
distribution (Merr]/Merr]) of from

(b) reacting by contacting ethylene and, optionally, at least
15 one C3-Cop( a-olefin, under solution polymerization
conditions, in the presence of a single site catalyst
composition or a heterogeneous catalyst composition, in
at least one other reactor, to produce a solution of at least

one second polymer, which is an ethylene homopolymer
20 or an interpolymer of ethylene with the at least one C3-

Cnho a-olefin, the at least one second polymer being
characterized as having:

(i)  adensity of from 0.910 to 0.970 g/cm3,

(i)  anumber average molecular weight as determined
25 by gel permeation chromatography, of less than
6,000, and

(iii) amolecular weight distribution (M,/M,) of from
1.5t0 2.5;

(c) combining the solution of the first reactor with the
30 solution of the second reactor to form a solution of a

blend;



1.5to 2.5 (b) reacting by contacting ethyl ene

and, opti ongbleysssnal | east 15 one (] ePCTAUSYU41H1
a-ol efin, under solution polynerization

conditions, in the presence of a single site catalyst

conposi tion or a heter oggdpousemoving\thé saloemdront thesolition of a blend of step

at | east one other reactor, t | . ' f, at | east

one second polynmer, which is gﬁfﬁééf?@r@ng%%fgﬁw 20

or an interpolyner of ethylene with the at |east one C3-
Clerr]a-olefin, the at |dekt cpsiopabpintroducipgaitadkifierdnto the reactor of step

characterized as having: the reactor of , or at an Bi)ntsu\?eﬁé?ﬁ' y of
fromO0.910 to 0.970 g/cnferr] ,(a), step (b) yb i lt% nunber

average nol cul ar wei ght as ddheresctingiobsiep (b).
by gel perneation chromatography, of |ess than . . .
6,000, and Ing , the ive comppsitipn of thepresentinyention eythibits

distribution (MerrlhiMerr of . f.f 0 . . - s

L5 to 2 5\ dmpravel Proeities, ot Becellens visopsity and soler srabllitg Pegticyiaey ot
reactor w th tRvaied temperatures; high cohesive strengthSdid\xiclfen® bil hoRIiSEpOWEr, ' €act or
to forma solution of a . bl end; WD 87/ 33921
PCT/ US97/ 04161 allowing the use of relatively low concentrations ofithe employed homogénenus finear

sol.utiion of a blend, of, st . e .{C) and, recovering
She bl ona g or StiSstautiaily BRear interpolymerg; compibilisy tithya yide hRgR O ERIRG
tackifier into f . e : . : .
oaetor of ot oBoRisdrE fierd andpiicizers, particulatly waxes; and improved bilesicd 19

t he reacti ng ojpobtolfin(substrates such as polyolefin/basgbeomtaihers abd fibm Fie\adhesive
conposition of the present invention exhibits I_.nmpr oved pro&ert | es,

i ncl udi ng exceCPmpPsition ofthepresspifnyention 13 alsg summised toherepylpable gnd e able to
be used at lower coating weights due to its low density, as well as be resistant to

15 degradation caused by exposure to ultraviolet radiation.

The adhesive of the present invention is useful for a variety of articles such as
tapes, labels, disposables, including disposable diapers and feminine napkins, as well
as for bookbinding, packaging, and skin attachment adhesives for medical tapes and
devices. Improved adhesion to films such as low density polyethylene (LDPE), high

20  density polyethylene (HDPE), shrink wrap and pmﬁwluly films prepared from
homogeneous ethylene polymers, in combination with good spray properties, allows

the adhesive compositions of the present invention to be particularly useful for the
nonwoven industry in the manufacture of disposable diapers, feminine napkins, and
surgical drapes.

25 In another preferred embodiment, homogeneous ethylene polymers have
further been found to be useful alone or in combination with other ingredients such as
tackifiers and waxes as a coextrusion coating or a thermoplastic packaging film which
is meltable and blendable with the adhesive composition, such as a batch inclusion
bag. This aspect is particularly advantageous when the polymer of the adhesive

30  composition, the coextrusion coating, and/or the thermoplastic packaging film are of
the same polymer chemistry, insuring mutual compatibility.

9



el evat ed tenperatures; high cohesive strength and excel | ent oiI hol di ng

power , ng the use of relatively |ow concentrati g —lol
worED. forics

enpl oyed s linear 10 or substantially |inear |nterpo yners,
conpatibility with a wi de range of other pol ymers, tackifiers, and

pl astici zers, partn&aﬁwmmdm&mww&&anmm%e followxﬂQ' yolefin
substrates such as polyol efin based containers and filns. The adhesive

conposi ti on cdetailpd -invention is also surm sed to be repul pabl e and
be able to be used at | ower coating weights due to its | ow density,
as well as be resistant to 15 degradation caused by exposure to

ul traviol et radi at ¥RSadhesives of the inventioft c&ﬂ@ﬁ% &Qe&i oﬁé"ﬁorﬁ g?ﬁs StRYRAL AL

is useful for a variety of articles such

di sposabl &s, olaﬁhMmmlﬂncpdnabinﬂn@mimMMmmﬂmmmC@sww I

as for bookb| dj.ng ackagi ng, .and, skin attachnent adhesives for nedical
t apes and ole hﬂeﬂ‘g Wﬂﬁeaﬁwﬂm tq indicgte LOPOLYINSr Y 8lensi t y

Pl YL YLD e, B il iR B CNRUEN RA ERIR coRlol 7, 2

conbi nati on Vpdlmﬂeﬁﬁﬁh%ﬂnywneﬂeiﬁdke&emtdrpmm er. the adhesi ve
conposi tions of the present invention to be particularly useful for the

nonwoven i ndust ry The hemogenconsethyleac/grolefin internplymen ispbomogansnumlinear or

enbod merl  esbsnenBN bR egRi AR TsIoBR memmoiatd BV e BRS¢ o

be useful al Qﬂ@axﬁ"tbﬂt'&n %%oﬁéﬁbﬁﬁrﬁdoﬁﬂ?ﬂ%ﬁbdté\ﬂ@ﬁﬂiﬂ@%ﬁ er
tacki fiers and waxes as a coextrusion coating or a thernoplasti¢ packaging

fil mwhich molepuleraadtsamtmﬂa aﬂldﬁhﬁbﬁf@pﬂymrmmaavmesmpoy tion,

dvant ageous. FRURRTFRSERRste P R RSP nes TofBetine rsAk of no

coextrusj on %bé&eoma{aﬁ&‘ﬁxﬁs&ﬁﬁﬂmlﬁé}bﬁx RAE W?,;‘?%W&ing

t he sane pol yner Them stry, insuring nut ual conpafi
9 VI3 9/diffesdtial scanning calorimetry, will broaden as the density decreases and/or as the

(F;gé H?gZGO?ﬁG%%W&VW Fwﬂe‘m}'hese rgg ot her Heonbodl H&L}:esh ar egerLDeLEs f ul !I'Ke :
olefin i nt or folgach Shba RoERghict plbmicr it « BRRE RO RRARN I "TIEE e
Clerr] - err](suéh as is the case of polymers havmg a density greater than 0.940 g/cm3), it does not
additionally have a distinct lower temperature melting peak.
20 In addition or in the alternative, the homogent;ity 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 weight percent of
the polymer molecules having a conomomer content within 50 percent of the median
~ total molar comonomer content. The SCBDI of a polymer is readily calculated from
25 data obtained from techniques known in the art, such as, for example, temperature
rising elution fractionation (abbreviated herein as "TREF"), which is described, for
example, in Wild et al., Journal of Polymer Science, Poly. Phys. Ed., Vol. 20, p. 441
(1982), in U.S. Patent 4,798,081 (Hazlitt et al.), or in U.S. Patent 5,089,321 (Chum et
al.). The SCBDI or CDBI for the homogeneous ethylene/a-olefin interpolymers
30 useful in the invention is preferably greater than 50 percent, more preferably greater
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olefin. The term"interpolynmer"” is used herein to indicate a copol yner, or
a | t er pelowRse210r a hi gher order polyner. That is, at |ea®PCTOISS70416er
cononomner is pol ymeri zed with ethylene to nake the interpol yner.

The honpgeneous et hyl ene/ a-ol efin interpol is a honpbgeneous_ |inear or
10 substanti arthgn ?%etgpntew;trSQWES@rdeEDﬁmﬁmr than:20 peggent eingeagily
"honopgenous”, E'ﬁt meant t hat- any conononer is randomy distributed
within a gi ven 3 "@flpol yne nol ecul e and substantially all of the

i nt er pol yner nol ecul-ﬁm hgs Ié\%&%ﬁ?ﬁﬂendaml@ﬁﬂﬁt&%@imﬂ&ﬂrm&ﬁéiugeﬂ‘ﬁéﬂ‘ér@

t hat interpol yner honogeneous |inear an

substanti al |y |dhasaterized g havinganmrewsnoleculatweightdistibiution (dw/My)f Foetle al
scanning calorinmetry, will broaden as the density decreases and/or as the
nunber aver &ge homogeneens ethyleps/owlefinsaisofil m—&n@dﬁcsxmmfﬂheinhmmgmmmn
pol ymers, when a hono eneous pol ymer has a nelting peak greater t han

115[err] C is from: 4921- Hﬁéﬁg@s@m@fl 02 MQ“MM)% Br&y greater

th 0.940 g/ t di t I h di I
teﬁgeratwegnzrt?r;]%@grmns@vﬁn“°ewga%mq' T T
homgene t of g6y Biin Bhihching, Due M6 fishattc bt sidhAonBilin bRiREing ™21 "

Branchi ng Di stri buth on™ | ndex) Conposition
Breadt h | ndex) suhktan&nlbrhteﬁeéﬂmbdeasenpblymm gtetﬁxnhembatacm:wdasha\hng paelrer

nol ecul es havi a con ten t.h neqi an

total nol arl coﬂfg‘m @b@@ m éfndgpﬁgfe?ﬁié Regsity-index. and 4

from25 data q fr echnr such

exanpl e, terrpertg?m‘ﬁ'eige W @ﬁ%ﬁn}%m 5?%&%’3’5%9@%

as "TREF"), whrch | S SCli exanp d et. al. Jour naI
de d

of Pol yner Scid dﬁ"e e’rsgﬁh a high degige %" CERiYLD PATOW

Pat ent 4, 79810&ﬁok5tﬂ§}w&%lx?&sﬁ'ibuhon0r in U S. Patent 5,089, 321 (Chum et

al.). The SCBDI or CDBI for the honbgeneous ethyl ene/a-olefin interpolyners

30 wuseful in the int&mdatedthatsybstantially lipeayintetpolyrdérs nsefol ipshe nventiomdiffer

f bl . . . 10
DG/ Uo7/ a1 e dew deasity polyethyleps prepated in.a bigh pressurs prosespy Inong wreatdey of

greater than 9GyR&eedsab (akiREpsigethyléne is an etfijleAd R&iHopolymer having a density of
from 0.900to  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.

20 The long chain branches of substantially linear ethylene interpolymers have the
same comonomer distribution as the interpolymer backbone and can be as long as
about the same length as the length of the interpolymer backbone. When a
substantially linear ethylene/a-olefin interpolymer is employed in the practice of the
invention, such interpolymer will be characterized as having an interpolymer backbone

25  substituted with from 0.01 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
3¢ 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
11



The honogeneous et hyl ene/a-olefin interpolyners useful in the invention are

har act erb;‘gg7 faving a narrow nol ecul ar wei ght di stri but ipgfraiddrRuieh
err]). For e 5 honpgeneous et hyl ene/ a-ol efins useful in the adhesives

of- the invention, the Merr]/Merr] is from1l1l.5 to 2.5, preferably
/from 1.8 to 2stiss atthe opset bEgross meltifracture, which in tun indicate thSpbesenss dredbsynce

|l i near ethylene interpolyngrs ar e‘.aho neous i nterpol yners havi ng
| ong chai n” bréfleng pRain hipgag se P@gggﬁ’é“of such long chai n branchi ng,

substantially lin [ l;zed as
having a nelt 10 %W{lﬂ err?ﬁ i err%ﬂﬁe&e*&ﬁﬁ%&% %?\%%?@H{
i ndependent | yprotessig inddx/(@I) der criticl shedrrate atnhe onset of sukface hieltsfrachive, and

nol ecul ar weight distribution Merr]Merr]. This feature accords

subst ant i I | ythe critical shegrstressat e ensst ofgrosecmelt fpetures isdegeribrachyeM. Shida, R.

Pt oo hoted (HaSTRE AT, VACRED in Rolymith EREHER e Sae ¥ ok 17 M6L L0201 f on
differ 15 f raw’v};%daﬂqmebmwémryhﬁrmabmlwaw%m?%,g{bﬁéfﬁym

process. In one reéegard, ereas | ow.density polye S an
et hyl ene honoNostrandRdinhdld go.o{(18982)<inpp. §7-99. GER experimehtoaré performéd S35

g/cnferr], the honpgen .l 1 near and substanti al |inear .

i nt er pol yner §w§mﬁei°§qpﬁéﬁaﬁ9’é‘ﬁ’ﬂmm l?’é‘”?ﬁé%br%@ef@@ Rsig ebwmiofer
to reduce hﬁfdj ' L R0793mh rpT_glj) rr].
20 1oTheaqdogr?gj]fc al ?\lkﬁgn(gwes of?&%‘g‘i&ér{ofa Iyd%('zﬁgaf& et hy e%‘elgl%?

I nt er pol yner si808ve t he sanme conmononer distribution as the

i nt er pol yner backbgne and ¢ be as_I|ong, as bout the sanme |ength as
t?ﬁ :eng';h o:‘ ]'E_he ?ﬁ%@&fﬂ&hm&@lﬁ@??ﬂly{g:m,?heP%gg@quwg%ar
e ye_nea-olé“n,lécgjpo ris e c¥ in the rglceo e o6

i nvention, s i‘P?PF y &‘%EI\M“'SQL@F é‘f%‘??&’@ﬁ’é 9z SRy of 2-15x 1

i nt erpol yner backpo shifuted. with fromO0.0L tq 3 |on haj.n
branches’ per ‘%5{9 Qre(gtzjzﬁé 1&95 gué#m%dl%wﬁélgg%qedpgéﬁm{srﬂsﬂ@i% Camount
of 1ong cfsai MNinhemiyn Wilbhdve @31k melaa{aee of 0.01 Epiiké {0280 Rifvise, prferably 15 kpoise

quantitatively, are known in the art. For qualitative

for det er m nioerdesshSubstaptiaityclindar ethylene intenpolymeors haveq PI whichdsless than or
exanple, U S. Pate Nos. 5.272 236 .and 78,272. As t.forth therein, a
g)a(tsrrgo extr ﬁ%‘%ﬁ%@?ﬂépfﬁ’éﬁ)éweﬂee WWY@FE&%@"’M?‘ ol olgi cal
processi ng i "g¥i¥merized polymher b Fhdhdgdenbolls IReRéthyRhE indrpbRe?) Riingthe Shink 2C €

melt fracture, and the critical shear
11 comonomer or comonomers, and having an I3, My,/M,, and density, each of which is

20  within 10 percent of that of the substantially linear ethylene interpolymer.

An apparent shear stress versus apparent shear rate plot may be used to identify
the melt fracture phenomena and to quantify the critical shear rate and critical shear
stress of ethylene polymers. According to Ramamurthy, in the Journal of Rheology,
30(2), 1986, pp. 3_37-3 57, above a certain critical flow rate, the observed extrudate

25  irregularities may be broadly classified into two main types: surface melt fracture and
gross melt fracture.

Surface melt fracture occurs under apparently steady flow conditions and
ranges in detail from loss of specular film gloss to the more severe form of “sharksin."
Herein, as determined using the above-describedgas extrusion rheometer, the onset of

30  surface melt fracture is characterized as the beginning of losing extrudate gloss at
which the surface roughness of the extrudate can only be detected by magnification at

12



W0 97/ 33921

PCT/ US97/ Od¢foleo7aaear Stress at the onset of gross nelt fract PET/USHIAR6T N
turn indicate the presence or absence of long chain branching as set
forth bel ow The gas extrusion rheonmeter useful in the

det er m nati on of0 times! The exitical shear rgfe gt theanset of sueface melt fractyse forja substantially
shear rate at the onget of. surface fracture the.critical
shear strese. atlEass cilen® infHi G66 i3} leapl Hiohictn eflis toah 0k RHGA e Tpip
R N.  Shr@Efonséiit shrfacé méi aterd for BinkaPsthiens ?&%eﬂﬂaﬁﬁg W ame/0! -
17, No. 11, p. 770 (1977), and in "Rheoneters for Mlten Plastics" by

John Deal y, pubtomomuinénorvemonomers auddwavinghnrai MypMi, end de¢nsiip ithim tenpercent
97-99. GER experinments are perfornmed at a tenperature of 190[err]C,
at nitrogen $r eefthatef the svhstantially linear etidengpaolymenet wveen 1.72 10 and 37.9

MPa) using a 0.0754 di ter, 20:1 L/D. dig w.th. an,entrapce angl e of
Yeoterr] GRoss Al Bacute. deoit a poreeac, Seulich iR pafis gs

the Pl is the a | ks ' \: X S d
by R ot - anSoRLEgilal (SEARKRY rough and sidbtk 1A cte) 6 raRb diSoriBIA UL

MPa) . Subst ant i etlitigal sheae stress ahtliecomseti oftgrossahsitrfrasturesefisubstamtiallydirfear ethylene
I nvention will have a Pl in the range of 0.01 kpoise to 50 kpoi se,

preferably 15 kinsérpelymers, especiallysboseavingadénsity greatardban B9 plened, is greater
i nt er pol yners have Pl_which i.s | ess than or equal to 70 percent of

the Pl of alfi nﬁun“:tl‘@ﬁmcmzeﬁopbWr (either a Ziegler _
polyre e 50 Y7o s T B S B SRR i
Merr]/Merr], gp N'E%olog?qm&m,%bﬁewﬁlﬁ&@ "HSfrﬁﬁ%dOf that

of the substantially Iinear hyl ene ‘i nter pol yner .
appar ent shear wiamtion timvesasshergsult ofilongchain branching.t t(See\S. bai argkG. W Knight,

identify | ract,ure a.and t uant.i f itical .
shear rate and M zﬂt" II§H ngs, %gﬁigcwij?ﬁyﬁgﬂqﬁﬂéhﬁ%@ﬁ%éﬁeﬂ@é@%%g
to Ramamurt by, i m}?mf]ﬂg chﬁiﬁgﬁ :

above a cer 'Egz/ii nmcarsldt“l%ca ?\?Fgat e, t %ﬂ?ggglly\}%xg %Q(%l%%gt%égg?&g Neﬁb‘rl%ﬂs,
irregul ariti es hayMay 1993adR1 values sardgechiom 10t for polyntees whichdeiot havé ame nel t
fracture and gross nelt_ fractuyre. Eurfac_e melt fracture

occurs under apPsruwRblslongchain branching, such asFafines T products available from Mitsni|

fromloss of s @'Em&' mﬁkﬁﬁﬁ BE:Q%T’”@JO : i g ta; ki "
Herein, as det g?gr#une udsalhng t he gﬁ%ve- es riaggtg\gégél&gifrusfﬁt)’ﬁ‘oﬁheone er, the
onset of 30 storhpay) tehbout 1 Sodnd ave imlepémiearofmelt fellers Lk penersigforiowgo of

| osi ng extrudate g] oss at whi ch the surface, roughness of the .
extrudate c#h omediugpressuse ethylens pplyers,pagicuiar ag jower densities, DRI provides

12 improved correlations to melt elasticity and high shear flowability relative to

correlations of the same attempted with melt flow ratios. Substantially linear ethylene
interpolymers will have a DRI of preferably at least 0.1, more preferably at least 0.5,
and most preferably at least 0.8.

25 DRI may be calculated from the equation:

| DRI = (3.652879 » 1,1.00649/n -1)/10
where 1, is the characteristic relaxation time of the interpolymer and 7, is the zero
shear viscosity of the interpolymer. Both 1, and 1, are the "best fit" values to the
Cross equation, and the like,
30 o = 11+ * 7o)1 D)
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PCT/ US97/ 04161 40 times. The critical shear rate at tt}w
surface Q¥ P ure for a substantiall y | i near ethyl e | nterpol yner
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Wi thin ten peyiseasity and shear rafe; respectively s pneﬁmseoswl aadeshear
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i nt er pol yrser sx;heamptu (GER) at émgldn@tessgrea frban $,|009 ttg £,600 psi (6/891034B1MPa),

L e R s R b
pol yrer s * ichamF zei?“‘ww*éﬁléﬁgi’i‘?.y §W§ﬁg“%ﬂ¥ et AT BE Brthomed

branchi ng. " (ffe,148.to 190°C asireguirtil td@icomimodate melt ek Garidtionsy oceedi ngs,
INSITE[err] Technol ogy Pol yolefins (SLEP)- New Rules in 15 the

St r uct ur e/ Rheol ogyFeequantitativn metheds fordetesminiag the:presence pHlopgrhain bianching

O0 LSR5, g, soo il O Pl L 572 390 £ 4905 B W BP R Mt ©°

product s avai CRéthEPHys orcz*ﬂ(sz&au P zss-zmtvr«mah&m\fsaés ﬂt@ﬂié&&lfréﬁéntaéf%n%chasout

Exact[err] products avail abl e from Exxon Chem cal
15, and are ibﬂe@mnﬂngbtnmlqwmaﬁxcmrgemmtmmpy,%mmﬁmandedl um

Fﬁlﬁfiﬁéﬁ §E?¥%tp§fm8¥r§e mbyer WHH, Gt %él‘e’:'f Soildy %é!@ﬁ'ﬁﬁ%)ﬂgﬁiga@%fsﬁcﬁgﬁmﬁée:ﬂo&
rSﬁbgt :’:I\I’/ltel ;FI y I i near etﬁ)ﬁa{*ﬂ%& i nter poﬁ/mar SW‘{:’P"( . b@g-‘ig?,r ati os.

pr ef er abl s atwhahsﬁscﬁssﬁhcmse of gel pkanetion chtonhatograplfy ﬁ;upled thh athaiw angle

2;3;5 :’ gﬁl y at xgalt scattenng detector (GPC-].%§%%% Bmcal Cul 21; p’afpf rOngqrgp
1. 00649/ [ er r]mm i&f\@ﬁladnff e?ﬁ&ﬂa&aﬁk&&{@éwm erl stic relaxation

time of the int rpo ynmer an Shear viscosity of
the interpol ymer. RoWillpmrdelGroatraid[Re StéveChaus botieof TieDow iCHemied! (Gxampamy] he

%OS s equati Oz{] thea 8930 he | I9l§4 oon?erence of the Federation of Analytical Chemistry and
20 Spectroscopy Society (FACSS) in St. Louis, Missouri, presented data demonstrating
that GPC-DV is a useful technique for quantifying the presence of long chain branches
in substantially linear ethylene polymers. In particular, deGroot and Chum found that

the presence of long chain branches in substantiaily linear ethylene polymers

correlated well with the level of long chain branches measured using 13C NMR.

25 Further, deGroot and Chum found that the presence of octene does not change
the hydrodynamic volume of the polyethylene samples in solution and, as such, one
can account for the molecular weight increase attributable to octene short chain
branches by knowing the mole percent octene in the sample. By deconvoluting the
contribution to molecular weight increase attributable to 1-octene short chain branches,

30 deGroot and Chum showed that GPC-DV may be used to quantify the level of long
chain branches in substantially linear ethylene/octene copolymers.
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g

quantify the level of |on chain branches in substantially |inear
et hyl ene/ o@0%endRenseasniative examples of suitable non-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;

25 (c)  Single ring alicyclic dienes such as 4-vinylcyclohexene; 1-allyl-4-
isopropylidene cyclohexane; 3-allylcyclopentene; 4-allylcyctohexene;
and 1-isopropenyl-4-butenylcyclohexene;

(dy Multi-ring alicyclic fused and bridged ring dienes such as
dicyclopentadiene; alkenyl, alkylidene, cycloalkenyl, and

30 cycloalkylidene norbornenes, such as 5-methylene-2-norbornene; 5-
methylene-6-methyl-2-norbornene; 5-methylene-6,6-dimethyl-2-
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and 1-i sopr opgesih ifteRiol sy Jexdd 89 & ®lymer and formulatior Wiscositybut s r i ng

alicyclic fused and bridged ring di enes such as
by a peak crystallization temperature which is greater than that of
corresponding higher molecular weight materials of the same density. In pressure
20  sensitive adhesive applications, the increase in peak crystallization temperature

translates to an increased heat resistance. Ultra-low molecular weight ethylene/a-

olefin interpolymers are more fully described below.
The density of the ethylene/a-olefin interpolymer will likewise be selected on
the basis of the desired performance attributes of the adhesive formulation. Typically,
25  however, the ethylene/o-olefin interpolymer will have a density of at least 0.850

g/cm3, preferably at least 0.860, and more preferably at least 0.870 g/cm3. Typically,
the ethylene/a-olefin interpolymer will have a density of no more than 0.965 g/cm3,
preferably no more than 0.900 g/cm3, more preferably no more than 0.890 g/cm3, and
even more preferably no more than 0.880 g/cm3, and most preferably no more than

30 0.875 g/em3.
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than 11, 000, t hpr@ilktoasedmtaining lesstheh B0 weidletpefdesitypreferablislesthan 26 Wreight

pol ymer and formul ation viscosity but is characterized by a peak

cryst al | i zat i orpereenseof thehamageneonsi athyleneieceolefiminterpplymes; the melt index (I3 at 190°
correspondi ng hi gher nol ecul ar weight materials of the sane density. In
pressure 20 seRkef thehomegensays lingsn orsubstantially linear mterpalymer will bgipreferably 50

crystlization t t ' [t e.
Utra-I ow nol ec‘?ﬁr‘ggg %"%ﬁf"fgﬂ?f@ﬁ%ﬁ L§! aiid &%s%ﬁ#lf zﬁig%ﬁﬁp g%‘?’e re
full'y descrishedbdlivedthat adhesive compositidfis 66rntising ak littheease weight péraerst| offthe)
interpolymer will |ikew se be selected on the basis_of the desired

per f or mance at t bornegancous ethylene/aradefin intepohymnerthaying anppit index\lessthan 6.5g5%r |

the ethyl ene/a-olefin,int olymer will have a density of at |east 0.850

g/cnierr], pref‘&“ﬁlﬂ%"ﬂ W&%&#@mepreferabl y at |east 0,870

g/cnferr]. Typicall yn the case of pressure sensitive adhesives, preferred adhesives will comprise
from 5 to 45 weight percent, preferably from 10 to 30, more preferably from 15 to 25

20  weight percent of a single homogeneous ethylene/alpha-olefin interpolymer. For other

applications, for example packaging, the homogeneous linear or substantially linear
interpolymer will preferably be employed at concentrations greater than 30 weight
percent and have a melt index of 500 g/10 min or less.
In another embodiment, the first homogeneous ethylene/a-olefin interpolymer
25 may be blended with a second homogeneous ethylene/a-olefin interpolymer, wherein
the first and second interpol&mcrs differ in number average molecular weight by at
least $000, preferably at least 10,000, and more preferably at least 20,000. In this
embodiment, the combination of the lower molecular weight and higher molecular
weight components will tend to yield an intermediate storage modulus at 25°C and an
30  improved probe tack.
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adhesi ve conpth870 glns ordess and thegeeond mtdrbﬂymer havieg daisity greaer thal 01900

honobgeneous et hyl ene/a-olefin intrpolynmer having a nelt index |less than 0.5

g/ 10 mi rg/cmBuWhesi highi cahesixb/strengtixis desired; theifirstrand.second homogeneous N t he
case of pressyure sensitive a hesives, preferred _adhesives will comprise
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15 to 25 KO I e&idh e Ief| n
i nt er pol yrrer Egr 06% ﬁq)iflm’aaqslgcatlons g gﬂg;@fﬁb ‘S‘%E{Pﬁg’%"
hormogeneous |h§&ﬁfty98h§si¢§éo%ﬁ§ds ésb&ﬁﬂ] those w ith 30 i?%%e)fftkﬁaperatures

preferably be enployed at concentrations great t
less than 325°F (163°C), the second homogeneous ethylene/a—oleﬁn interpolymer will

have a greater density than the first homogencous ethylene/a-olefin interpolymer, and
will preferably have a melt index greater than 125, more preferably greater than 500,
20  and most preferably greater than 1000 g/10 min.

Homogeneously branched linear ethylene/a-olefin interpolymers may be
prepared using polymerization processes (for example, as described by Elston in USP
3,645,992) which provide a homogeneous short chain branching distribution. In his
polymerization process, Elston uses soluble vanadium catalyst systems to make such

25 polymers. However, others such as Mitsui Petrochemical Company and Exxon
Chemical Company have used so-called single site catalyst systems to make polymers
having a homogeneous linear structure. U.S. Patent No. 4,937,299 to Ewen et al. and
U.S. Patent No. 5,218,071, to Tsutsui et al. disclose the use of catalyst systems based

' on hafnium for the preparation of homogeneous linear ethylene polymers.
360  Homogeneous linear ethylene/o-olefin interpolymers are currently available from
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g/cnierr]. Wep-§i4#n8)ohewe as mtﬁrm‘mm Q@aﬂm,snbﬁ 1t>6r505ﬁm,55?65’7w*75
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pref erably bot 5,096,867y $064,802)apd|501321380. Indl.S. Sﬂ&l&mbﬂﬁmﬁﬁé ﬁledd;mam
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greater than 125 rmre r ef er abl re tert 500, 20 .and nost preferably
gr eat ert han 10With &( dYscP |tjaiateolc poymenzauoncatalygts.

Suxtable activating cocatalysts and activating techniques have been previously

20 taught with respect to different metal complexes in the following references: EP-A-
277,003, US-A-5,153,157, US-A-5,064,802, EP-A-468,651 {equivalent to U. S. Serial
No. 07/547,718), EP-A-520,732 (eqixivalent to U. S. Serial No. 07/876,268), WO
95/00683 (equivalent to U.S. Serial No. 08/82,201), and EP-A-520,732 (equivalent to
U. S. Serial No, 07/884,966 filed May 1, 1992.

25 Catalysts found to be particularly suitable in the preparation of substantially
linear ethylene/a-olefin interpolymers include, for instance, the catalysts described in
the Examples set forth below, as activated by trispentafluorophenylborane and
triisobutylaluminum modified methylalumoxane cocatalysts.

The molar ratio of metal complex: activating cocatalyst employed preferably

30  ranges from 1:1000 to 2:1, more preferably from 1:5 to 1.5:1, most preferably from 1:2
to 1:1. In the preferred case in which a metal complex is activated by
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in US. 10 ratatcfatalyst:pblynwgizable compounds employed Istfram uov&zrmtceaoﬂat mbreght
polynmers may be nade in accordance with the Exanpl es herein and wit h
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In general, the first polymer may be polymerized at conditions for Ziegler-
Natta or Kaminsky-Sinn type polymerization reactions, that is, reactor pressures
ranging from atmospheric to 3500 atmospheres. The reactor temperature should be
25  greater than 80°C, typically from 100°C to 250°C, and preferably from 100°C to 150°
C, with temperatures at the higher end of the range, and the like, temperatures greater
than 100°C favoring the formation of lower molecular weight polymers.
In conjunction with the reactor temperature, the hydrogen:ethylene molar ratio
influences the molecular weight of the polymer, with greater hydrogen levels leading
30  to lower molecular weight polymers. When the desired polymer has an Iy of 1 g/10
min, the hydrogen:ethylene molar ratio will typically be 0:1. When the desired
20
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A" support , espépﬁpég#& (J:.Q?c Bolymerizatiog,is sﬂﬁﬁl%&'ﬂvﬁ%?me of from
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i s enpl oyed wh@esn fhe cat asztsggge!ﬁ@sed- |%H§ %Skpﬂageﬁo%ggv%ge?%%%ﬁ
process. The supid0tC. s preferably enployed in an anount to provide a
wei ght ratio of catal yst (based, on metal ). support from 1:100,000 to 1

: 10, nore pref er abl yinftReshpelymerization seactions the mplar ratio gf satalystspalymistigatie om
1: 10,000 to 1:30. In rmstnﬁgl rrerizatiﬁp reactions the nmolar 10 §atio of

cat al yst : pdfymscmpeunds em issfrempdiOoysli to 307 1o more peaferpbly from 10[ i ¢ 107
nor e prefserabla{lnfromlo[err]:lto 10[err]:1. At all
ti mes, the indi"vl.dSelutionpobunerizationconditionsautilizea sobent/ fort thetespactive

conponents nust be protegted from en,and noisture., Therefore, the,

cat al yst %mﬁmggm &ggnﬁﬁ§&vﬁ’§sb?é‘ﬂéﬁ%ﬂ"ﬁi8ﬂ?é€ the wagious an
oxygen and noi Shér!df&afb% Wﬁ%ﬂ‘f‘ﬁrréacqf% f:é‘%x\‘ t

reactions are p rfornegswllﬁﬁ%:epresence 0 53&6 d?sy,mlﬁ%tgrh?e%%ﬁl %(S:I?fas,
for exanpl e, niusefnlsolvents include alkanes Sich gsientane; isa‘pentaneyhiexinse, hoptahe dcfink
as a batchwise or, a continugus |, pol ymeri zati gn Eégcess, w th continuous
pol yrer i zafl? on&nf ngnane, as wellias mixtuzes ‘Pf!e?ikq”ﬁf including ad dsapsrrEJY,

e L oA Boh BEi Gl 4 MBS SEOL R D,
the reacti on cyclohexane; and aromatics such as benzene, toluene, xylenes, ethylbenzene and
diethylbenzene.
The solvent will be present in an amount sufficient to prevent phase separation
20  inthe reactor. As the solvent functions to absorb heat, less solvent leads to a less
adiabatic reactor. The solvent:ethylene ratio (weight basis) will typically be from
2.5:1 to 12:1, beyond which point catalyst efficiency suffers. The ﬁost typical
solvent:ethylene ratio (weight basis) is in the range of from 5:1 to 10:1.
The ethylene/a-olefin interpolymer may alternatively be prepared in a gas
25  phase polymerization process, using the catalysts as described above as supported in
an inert support, such as silica. The ethylene/a-olefin interpolymer may further be
made in a shurry polymerization process, using the catalysts as described above as
supported in an inert support, such as silica. As a practical limitation, shurry
polymerizations take place in liquid diluents in which the polymer product is
36 substantially insoluble. Preferably, the diluent for slurry polymerization is one or
more hydrocarbons with less than S carbon atoms. If desired, saturated hydrocarbons
21
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solvents include m neral oi I S an vari ous hydr ocar bons Ich are
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cotane 15 | SRiPvhadtEREs T w3 inet Bl GPRARE e o B HAtRN0E
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such as cyclopentane and cycl ohexane, " and aronatics such as benzene,
t ol uene, xylethyene/aolefirhiaterpolymendA preferred modtfymg polymer for increasing the

open time and heat resistance is a polybutene-1 copolymer such as Duraflex™ 8910
20 (Shell). )

Interpolymers of ethylene are those polymers having at least one comonomer

selected from the group consisting of vinyl esters of a saturated carboxylic acid
wherein the acid moiety has up to 4 carbon atoms, unsaturated mono- or dicarboxylic
acids of 3 to 5 carbon atoms, a salt of the unsaturated acid, esters of the unsaturated

25 acid derived from an alcohol having 1 to 8 carbon atoms, and mixtures thereof.
Terpolymers of ethylene and these comonomers are also suitable. Jonomers, which are
completely or partially neutralized copolymers of ethylene and the acids described
above, are discussed in more detail in U.S. Patent 3,264,272. In addition, terpolymers
of ethylene/vinyl acetate/carbon monoxide or ethylene/methyl acrylaté/carbon

30 monoxide containing up to 15 weight percent carbon monoxide may also be employed.
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M‘E%ﬁ is

at | east one cEhylens/Briutylacrylae/m sRnomess; sthidenedsobutyl

et hyl ene/ a- ol ef Lk . " fAld r by
el bt fo 1 neremlate/seyli SR tonitys; SHYAGRI By eI ASYEC BT R
nodi fy t heisopeionbimess; ethyleneancthylnethhcrylats; lethiylenedvifiyl abOtateinethat®iic avidimd
pol ymer may be any conpati bl e el astonmer, such_as a thernoplastic bl ock

copol ymer, _a pittipnamees; ethylenefyiny] goetatefaceylicsacid andyits ipppers; ethylengéwinyls

pol ypr opyl ene, p £l oA, ater, t han
So00, an’ o acBn/Bitbin ERBeRiel ey Ehti MIE IRl hbldiad, BBAGH e

et hyl ene- met hydcrylateydatich monoxid€)letléylénefisoityl tgylateicartion mbhekide ethyléhPvinyl

honogeneous et hyl ene/a-olefin interpolynmers 15 are also conpatible with

pol yani des, r mynpethy] maleate; and ethylene/methyl seadate/monoethyl maleate. i ve
adhesi ves.,,Th L win 1] .G R used .n.a relatively | ow
concentr atzloo n epagg ?‘% 8%'@24 égfbﬁ%%ﬁ%ﬁ?m ?%“ftlgﬂgﬁg W é PWE‘E?’of “the
honogeneous e&yﬁh&i&b&ﬂ?‘l dcriad; iafd ety RinRRhAHPY methadly Rk S Sy iR iahd miidtures
pol ymer for increasing the
thereof. Certain properties, such as tensile elongation, are taught to be improved by
certain combinations of these ethylene interpolymers, as described in U.S. Patent
4,379,190, The procedures for making these ethylene interpolymers are well known in
25  the art and many are commercially available.
Conceming the tackifier.
As used herein, the term "tackifier” means any of the compositions described
below which are useful to impart tack to the hot melt adhesive composition. ASTM
D-1878-61T defines tack as "the property of a material which enables it to form a bond

30  of measurable strength immediately on contact with another surface".
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20 tackifiers are also useful in
the adhesives of this invention. Representative examples of useful hydrocarbon resins
includes alpha-methy] styrene resins, branched and unbranched Cj5 resins, Cg resins,

C10 resins, as well as styrenic and hydrogenated modifications of such. Tackifying
resins range from being a liquid at 37°C to having a ring and ball softening point of

25 about 135°C. Solid tackifying resins with a softening point greater than about 100°C,
more preferably with a softening point greater than about 130°C are particularly useful
to improve the cohesive strength of the adhesives of the present invention, particularly
when only a single homogeneous ethylene/a-olefin interpolymer is utilized.

For the adhesives of the invention, the preferred tackifying resin is
30 predominantly aliphatic. However, tackifying resins with increasing aromatic
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olefin interpolymer with a suitable tackifying resin and a solid plasticizer such as a

20  cyclohexane dimethanol dibenzoate plasticizer, the resulting adhesive composition
may be applied at temperatures below 120°C, preferably below 100°C. Aithougha
1,4-cyclohexane dimethanol dibenzoate compound commercially available from
Velsicol under the trade name Benzoflex™ 352 is exemplified, any solid plasticizer
that will subsequently recrystallize in the compounded thermoplastic composition is

25 suitable. Other plasticizers that may be suitable for this purpose are described in EP
0422 108 B1 and EP 0 410 412 B1, both assigned to H.B. Fuller Company.

ncerning Waxes.
‘Waxes may be usefully employed in the adhesive compositions of the present
invention, particularly when the adhesive composition is intended to be relatively tack

30 free
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20 800, preferably at least 1300.

Homogeneous waxes lead to a low polymer and formulation viscosity, but are
characterized by peak crystallization temperatures which are greater than the peak
crystallization temperatures of corresponding higher molecular weight materials of the
same density. In adhesive applications, the increase in peak crystallization

25 temperature translates to an increased heat resistance, and the like, improved creep

resistance in pressure sensitive adhesives, and improved SAFT in hot melt adhesives.

1 ing the P; of Additives.
As is known in the art, various other components can be added to modify the

30 tack, color, odor, etc., of a hot melt adhesive. Additives such as antioxidants (for
example, hindered phenolics (for example, Irganox™ 1010, Irganox™ 1076),

26
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o5 WO 97/ Bephnglogy, Second Edition, D. Satas, 1989 pages 158-204, the requirements for
PCT/ US97/ 04161 oY 35 Io | ous
packagi ng and H&E¥ET C'f?g e Shds! aEpIpEi | cE a? h’gged%h&g?ﬁ ikf oam |‘{n ace
gaskets. X esdepefidei Wiseoe em@nh&matenalsiﬁwfonnamwy and reduce
tack at concentrations up to 60 percent béf wei ght, preferably | ess

t han about 25 per ceBro Wga sshre sensitiveiadhesivesthe fommulations

Pl Soher - TropsAisLB '°“5Zas§' AhgER el R 0P Y RN R e

Mvis less thag @gasixheeed thepmfa ;géraer&mqaafah SHdoRd, Aax 1S

| ess than 35 perce by wei gh for h| gh nel poi nt xes. At wax
concent r at i onsdedtrmined3by PMS.ent by wei ght, paraffin waxes are

typically used 10 . Al sp sui tabl e.are ult I ol ecy, ght
et hyl ene/ d3- ol efi n Aﬁ?(gfbﬁgﬁ?mﬁas th D&R’G&}ﬁ§ Pﬁ:ﬁf‘%@@ metry
catal yst, and gmykibg, toHetithBlePressure seﬁﬁﬁ@&i‘dlﬁ% ﬁi@*‘&ﬁulé!&ﬂhﬁ&rﬂig £geous

waxes, as well “as processes for “preparing such honbgeneous waxes, are

set forth in tﬂm&#am&%dhﬁkmsmmmr%awmcmuwmaﬁah&4x
paraffinic waxes and crystalline ethyl ene honopol yner or interpolyner

106 dynes/cm? (0.01 to 0.4 MPa), preferably from 3 x 105 and 1 x 106 dynes/cm?
(0.03 to 0.1 MPa), as determined by DMS. A material stiffer than this, and the like, a
20  material which has a plateau shear modulus at 25°é of 1 x 107 dynes/cm? (1 MPa),
will not exhibit surface tack at room temperature. A material less stiff than this, and
the like, a material which has a plateau shear modulus at 25°C of 1 x 104 dynes/cm?
(0.001 MPa) will Jack sufficient cohesive strength to be useful.
The Dalquist criteria are useful to identify polymers which will have utility in

25  various pressure sensitive adhesive applications. In particular, preferred pressure
sensitive adhesives for use in low peel labels will have a G' of from 3 x 105 to 1 x 106

dynes/cm? (0.03 to 0.1 MPa) and a glass transition temperature of from -50 to -30°C.
Preferred pressure sensitive adhesives for use in freezer labels will have a G' of from 8

x 104 to 2 x 105 dynes/cm? (0.008 to 0.02 MPa) and a glass transition temperature of
30  from -45 to -30°C. Preferred pressure sensitive adhesives for use in cold temperature
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15§ waxes, wll have a Merr]/M of from1.5 to 2.5, preferably from1.8 to

2. 09733921 Hormogeneous waxes wi |l be .either ethyl eneP@;mW@prs
or |nterpo yners of ethylene and a (Jerr]-Clerr] a-olefin
hgnogeneous wax w Il have a nunber average nol ecul ar wei ght |ess than

00, prefera hlcq@cg%@ s cally
ave a numerqg%é%%%h%@gﬁggﬁﬁgﬂ?sé e st% (8%83 M:‘Piégq?/ at
east 1300. glass transition téinpagene of frome26 0 H (. tme&zﬂed\yrmmmeﬂs;a@
formul ation viscosity, but are characterized by peak crystallization
t enper at r es whadbésivesefog usaitmresmmsemhi@ivpadkcsive tapesr will leve iazGitdf §rom 7 x 109 to
{ tenperatures of respon hi gher nol ecul ar wei ght materials of the

sane density. 3% 1&6 ﬁymsmn%ﬁgo? £0.53YIB2) anden glassiteansisiontemperiature of from -10 to

crystallizatio 5 rature trapsl ages, to_an incr.ea heat re t ance,
an)cgst he : |ZI§eI ]er?r% (?\fﬁﬁ;%g@é’p‘g“‘e senyggq ?PB’ES f‘““ﬁé’ sshigh ze'géﬁ'%"r% S‘I“;SeaG'
adhesi ves, and.i Ve F 0 I h Concer,ni ng the
Presence of Cﬁf& ?QSS@ 6x IBsﬁy B (&%?‘1@@% angd “t&%%ssm‘sm%?. ous
ot her CO”ponertEﬁpEﬁﬁlrQ%f foHed 1d PO“@dPlercﬁeh%rngurets’éﬁhur%?ﬁl%we??ﬂ!useﬁ'}; c.

a hot nelt adhesive. Additives such as antioxi dants exanple,
2|6 nder ed N hS 9% ;&aﬁl&@ﬁvﬂ?w 6 of fromnPx 16 td 2 xh@ﬁmynésr/&ﬂﬁmb@ t6 0.2 MPL)and
PCT/ US97/ 04161 glass mmmmpc@mrebﬁfroaxmm ¥W°CQrgafos[err] 168)),

anti bl ock AN can al so be included in
the formul . 2M¥e8 hat the additives should
be relatively Inertmfbnwram mwmlﬁéﬁﬁsﬂ& m&dtsbagﬂfw

contri buted by the honbgeneous |inear or Ssubstanti

i nt er pol ymer, vanious ¢9mpgn@g%0ﬁﬂieadhbsn@ fophalstions of thgm)nehtlon, mcludxﬁgeol ogi cal
Per f or mance of Ad LVes P sur i ti, v.e I ve

set forth in JOrH Qégnsa °§ %p"ﬁéﬁﬁgé‘&?ﬂ @?@@%'lfﬁs\%‘mﬂgﬁwb
Technol ogy, ggmtgflﬁ{d%oégne&gtﬁ@bmghﬁqgw 04, the requirenents

for pressure sensitive adhesive behavior nmay defi ned by
tenperaturld and rate 10 dependent vi scoelgbi¢Ac propertles of the materials

ggﬁsrﬂ\r/ne“ gfjlk;;rve, t he fornul at “ngﬁr;aMeﬁA&efﬁ%s' ’ MW. ©
Useful | Preferred | Useful Preferred
Homogeneous ethylene/ | 5-95 5-30 5-95 10-30
o-olefin interpolymer
Tackifier 0-95 20-60 0-95 20-60
Plasticizer (Oil) 0 0 0-95 0-30
Plasticizer (Solid) <30 10-20 0-50 10-50
Wax 0-60 5-25 < 10 percent < 5 percent

Processes for the Preparation of Hot Melt Adhesjves.

The hot melt adhesives and pressure sensitive adhesives of the invention may
be prepared by standard melt blending procedures. In particular, the first polymer(s),

20 tackifier(s), and optional plasticizer(s) may be melt blended at an elevated temperature
(from 150 to 200°C) under an inert gas blanket until a homogeneous mix is obtained.

Any mixing
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must have a glass transition tenperature of from-45[err]Cto 30[err]C
preferably bQonagqlerr] C to 25[err]C, as reflected by powmnsamoistr |
peak tenperatudre at 1 radian per second, as determ ned by DVS. 15
According to what has cone to be known as the Dahl quist criteria, broadly
speaki ng, to bemethedipradicingia bemagencounblend withautdagirading thedot orelt dosmpoments

TSt Y2 gy e B 5 Bl £ o, 4
Lo 0. 1" WPa) | as det et hphoRperBfs et iibin MDBBHAIE) dptional |0

like, a 20 madckifier(s)ahtobtibndl plastitizés)unsheaprovididitoan extrddidrecoaiér fof 1 X
10[err] dynes/cnferr] (1 MPa), will not exhibit surface tack at room
t enper at ur es Aapplieationtothe;substrates t han this, and the like, a

mat eri al whi ch has | at,ea h e 10[ er
dynes/cnierr] %?BB% Mﬁgﬁ%@%@&ﬁ Fse n@l’%%ﬁéts‘{w{/é @S&eﬁlﬁn?@'
be useful. olefin interpolyhites, Roill beSpreferiel @6 | o prsstire bénsitfR Hdhkives
polymers which will have utility in 25 various pressure sensitive

adhesi ve appl i esingondual reactexiconfiguration, with enerofdhe pelymerscheing produceshinithe fiest
adhesives for use.in, o eel. lahels will have 3.G of from3 X err] to
L T0terr) " acto giecthlieh e polymees being HORiaRIR a.sfrond 8rcsan Epd S 11 on
t enper at ur g, 0f s G : oﬁﬁﬂf S{g,i,fcaﬁ bt
adhesi ves gr ﬁ%ﬂ%ggg%g?%%gﬂ%ﬂ?bﬁgi@? G o?m?icge% §I&§h§’bﬁﬁ
10[err] to 2 x aftef thersecahdweadtoryjvin a $idé-arrf @Stroder0 I thisEiabodiment présanre
transition tenperature _of, 30 from-45.to_.-30[err]C Pref.«i{red pressure

sensitive adhe$FRutive gihesives £ap bepravided in.forms such as pellets, pillows, or any other
I%ZJT/ Us97/ \(951)1 g Z/d%‘%% configuration. Examples of sucha propess which may pgacaptedjn, |
10[ err] dynes/ abtsrdance(With thetteachirisWPtlis disclosure to prepgtestsiendsioffatiomcpenous
e AT GO near (higher mblectlar weight or ultea-low molculas weight) of Substimitally linear
ethylene/a-olefin interpolymer, wax, and optional tackifier, are disclosed in WO
94/00500 and WO 94/01052.
The hot melt adhesives of the present invention can be applied by extrusion,
spiral spray, meltblown, spray-splatter, screen printing, or roll coating by delivery
20  from bulk or reservoirs capable of controlling the temperature within a range from
about 250°F to-about 400°F. Packaging and bookbinding applications, particularly for
“ adhesives which are relatively tack-free upon cooling are specifically within the scope
of the present invention. However, any adhesive application pertaining to bonding a
paper substrate selected from the group consisting of Kraft paper, coated paper, highly
25 filled paper, laminated paper, etc. to any other paper substrate and/or polymeric film
substrate is also conte:hplated, especially when applied by extrusion or lamination by

roll coaters.

Test Methods

30 Unless indicated otherwise, the following testing procedures are employed:



adhesives for use in pressure sensitive adhesive tapes will have a G of

2 ol acs t OEBh  nperature of from 10 to 5 10 err) cPOBRYEMIEL™"

pressure sensitive adhesives for use in hi gh peel |abels wll have a G

of from2 x 10[err pg m ok 98 anda
gl ass transition _‘&E%np%%g{égre 0 ﬁ{ﬁiw ﬁjc ¢ siples
Pref err ed- preumkdﬁmﬁeﬂeomﬂh-foeﬂhomhbﬁommhemmmmﬂéxﬂ@@ﬁﬁ&l es wll

have a G of from4,x 1 tonP%QG dynes/cnierr] (0.04 to 0.2 MPa)
and a gI ass Méﬂ@%&-@t‘%ﬁﬁé?‘ﬁ meacsprdapegwith A 238,condition 190
Fonsul ati ons Mel t I,Ves The foll.ow Table A
sets forth use I%Mﬁ?@ dgfﬂ" )ages of vari ous
conponent sg of the W ggaﬁd hg)ﬁﬁg Incl udi,n

formul ati ons which erre en llnggi esl Pé@?‘é"’f‘!ﬁ‘&tﬁ’?&hﬁ@’@ss

than 30 weig hdm a Waters[is02€ rmghiemﬁaadwmaﬂﬁwgﬁaﬁﬁ&mhe&ﬁhﬂgréa With fhree mixed

i nt er pol yner.:
Hot Melt Ad heB‘?f%‘&' columng {Bolymerbaboratopigs AGhdddy 15, and 106), OPcratmg ata

Losl Ul Pl it of 0°CE 7Rk Sk 120 SEHBIREERNS BhhEDCh

Tacki fier percent by w&gﬂ&oluuona of e sampﬁks%e prepared for m_;e%ﬁgxgome flow rate is

Pl astici zer m)m

Pl asti ci z¥r ;mandahswecttomsxms loomxsmhters 10- 50 Wax

0- 60 5- 25 er cent ercent Processes for the
Preparation of Hot%ﬂ"?%ﬁ'é "\}%&t “m‘Sded“Fﬁ‘éb)ﬁBleW dnelseulars and

disgibasil i@&md&ﬂﬁt
2{ 2?13;;3 ?rglnf*’%#ﬁdl ng pPic‘)?g ures. In part(lﬁgmgwmteﬁe W’?@fﬁ;ﬁﬁ% 1 50

tackifier(s), Wﬂhdlmlhﬁmwlptms.t ﬂ'benqm(valpntmyéthyhné inobscalutl ediglits aré

el evat ed t enpegrat ur . from 15 0 under an inert gas

bl anket unti |‘f ﬂﬁb‘@h@ﬂﬂs ppIprigte &F&é@‘b&“\i‘ for polygthylene and

28 15  polystyrene (as described by Williams and Word in Joumal of Polymer Science,
Polymer Letters, Vol. 6, (621) 1968, incorporated herein by reference) to derive the
following equation:

| Mpolyethylene = 2 * (Mpolystyrene)d-
In this equation, a=0.4316 and b = 1.0. Weight average molecular weight,
20 My, is calculated in the usual manner according to the following formula: My, =%
wi* Mj, where w; and M; are the weight fraction and molecular weight, respectively,
of the ith fraction eluting from the GPC column. -

Fineline & Spray
Adjust the hot melt applicator and laminator to proper setting.
25 Nip Pressure _ 15 psi (0.1 MPa)
Spiral Spray ~ 4mg/in’ (26 mg/cm’)
Fineline 1.4 mg/in (3.6 mg/cm)
Web Speed 400-500 ft/min
(120-150meters/min)
30 Air Temp. 50° F (10°C) above
application temp
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WQ 97/ 3921
PCT/ US97/ O4%fd 9733921 nethod produci ng a honpgeneous bl end wi tREIESI7/04161

degrading the hot nelt conponents is satisfactory, such as through
the use of a heated vessel_equi pggd wWith a stirrer. Furt her,
the honogeneous et hyNﬂﬂék:P’éﬁaE? mAusEeey ner (s), 6P Mm

ki f d |
coater for 5 appli ERhaEy EpdieBa RlsybonfENsiRE t'seitngS Gyl 5l
et hyl ene/ a- ol ef yj2 duh)] t&b?@igmdt 2 igcl b BAncH (5P by 20 EBY) Stripistofireleadedpaper cross

ol efin interpolyners, be preferred to prepare the pressure
sensitive adhesdirestional acrosssheweh teiserve pvstartiog points fogthe:Tipeel evaluationn €us 0

b0l yior & beiho. BRBRIBE B4 i ok S Btk %deefmﬁaﬂfiw?m%g@) -

optional pl ast'geaeaﬁa)sh%baﬁteaatx hloyoefemgs&m&a@ahﬁg Btﬂﬂﬁ:h@&(so

after the secon eactor; "via a Si arm extru od| ment
pressure em) eﬂmnﬂuadt@sn\thsamgdﬁlprsampt&d in forns such as

pel lets, pillows, or any other desired configuration. Exanples of
such a process whi ch may be adapted in accordance wth the teachings

of this disclosgég j© Prepare bl ends of a honobgenous 15 |inear (higher

nol ecul ar wei gh | tra-1ow nol ecul ar wei ght) or substantially |inear

et hyl ene/ a- @3 ef i nThis testantdiod describes haw to mpasupeithe rémotdl force of an adkbsived usfade
in VO 94/ 00500 and WD 94/ 01052. The hot nelt adhesives
of the present bpndadtpafabragsubstratép i ed by ext rusion, spiral spray,
nel t bl own, spray-splatter, screen printing, or roll coating by delivery 20
frombul k or reservoirs capable of controlling the tenperature within a
range from 11 add Wationldntt © about 400[err] F. Packagi ng and
bookbi ndi ng app rcat | ons, particularly for adhesi ves which are

rel atively tacklfree Meshanicaloollrdpway devigsawith 4. 5poupd (2 kg sollehe scope of

bonding & 4" paper ARPIFRegE) EnBerrasrTRG JFRURNAbhEIES ng of Kraf

paper, coated paper, slﬁgg?e YTester 111 ed paper, lamnated paper, etc. to any
ot her paper substrate [or polymeric film substrate is al so

contenpl at ed, especi Avajlabledioughp Instrinsntars,iinasCleveland) @Hi 44t36on by
roll coaters* Test Met hods 30 Unl ess indicated ot herw se,
the followi ng testing procedures are enpl oyed: :

29 The first step is to prepare hot melt coated adhesive films on Mylar or

20 polyolefin film using a suitable coating device at an appropriate application
temperature. During preparation of the adhesive film, the adhesive surface is covered
with release paper to facilitate handling. The coat weight is checked targeting 25 g/m?
+/- 3 g/m?.

The adhesive coated films are cut into 1 inch (2.5 cm) wide strips which are 4

25  inches (10 cm) in length in the machine direction. At one end of each strip, fold
approximately Y inch (0.6 cm) of the strip onto itself to create a grip. Remove the
release paper and place the adhesive surface of one 1 inch (2.5 cm) wide strip onto knit
cotton test kit to form a compositie. Place the composite on the mechanical roll-down
device, and allow the rolier two passes over the sample, one forward and one back. A

30 timer is activated and the sample is placed into the jaws of the slip-peel tester. The 1
inch (2.5 cm) wide strip is placed into the mobile jaw and the fabric is placed in the
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PCT/ US97/ Density is nmeasured in accordan

D 792. Th%é%‘?eé are anneal ed at ambi ent conditions ?érlﬂ% ours
before the neasurenent is taken. Melt index (I[err]), is
measured in aswadosiay fowWNomeérs tharDi ﬁﬁﬂk&gaﬁerﬂbfsampleﬂﬁ@beenremov[e&lﬂ‘ohm 16
kg (formally known as "Condition (E)" Mol ecul ar weight is
det er ni ned usFalhdewp ¢ SYAPleis rlgrgm}l@@pqmute (30 @Wx@nmmasmg
150[err]C hig gg%;agi g} hre

porosity col utr}r%ésre‘?%% e‘E&B{)r atories Wﬁz’ﬁ%owm Y ir%e

at a syemaahh@m ﬁgﬁ\glﬂﬁbﬁﬁﬁi Q‘hel‘tupeae}mfardﬁpme

1,2,4-trichl orobenzene, rom percent by wel ght so?ut | gns of

t he sanpl e% aﬁmﬁaﬁarmd@omm&mdmwmm&thmm 1Tépenls/initie  and
the injecti ' s 100 m t | ht
deter m nat | on10& 5[0 TeRRR BiPet BR TR for 2907006 rapee vilkout Siesiye Fanster

di stribution pglpaidatispe st andards (from Pol yner Laboratories) in
conj uncti on W tih their elution volunmes. The equival ent pol yet hyl ene

mol ecul ar wei ght's mtppmmmatelwlabgeoﬁihnadhésyvmspngredmtmtam papﬂar(léddrbuWFHk—
as, descri bed WIlians

and Werd- i n BB FO-BEK et GeolinecfoF abot 4 Hogrs, the dhenive svalnted for ofl 6 1)
1968, 1 nogt POgl ol Phd iR RS Mevi S A from tnd Slch e

equat i on: ene = a

( Mool yst yr enewithout visibly staining the réledse paperat i on, a = 0 4316 and b = 1.0.
Wi ght average nol ecul ar weight, 20 Merr], is caI culated in the usual
manner accor dRAEL & SAELf ol | owing formula: Merr] = [err] werr]*

Yeapectively. " Earh Bietive afipld ra Bl gnsd Wﬁ%ﬁﬁﬂ R G Bl Tl
Fineline & Spgms. Theresulmntco wlma@cmmmiﬁboaﬂ@mm&t or

to proper setti ng Pressure
15 psi (o,lS_L MRSD toOOlOmches O$pqe.aﬁngp)ﬁyck After conditioning the bonds at room 4

T Tt (S tenfRbriie ot bt least 16 hours, g nesl AfietiB faiture temperature (PAFT) and

400-500 ft/ m ghear adhesion failure temperature (SAFT) were determined by placing samples in a
(120- 150neters/ mn) 30 Air Tenp.
50 F (10 er r] pjogzasomed oven with 100 gram weights for the peel mode and 500 gram weights for
application t heshear mode, ramping the temperature up from 25°C to 175°C at a rate o(%
20 25°C/hour. The oven automatically records the temperature at which the samples fail.
The reported result is the average failure temperature of four to five bonds,
onding Tests
Adhesive bonds were made on various substrates using an application
temperature of about 175°C, an open time of about 1 second, a set time of about 1
25 second, and a bead size ranging from 1/16 inch (2.5 mm) to 1/8 inch (3.1 mm). The
resulting bonds were then conditioned for at least 24 hours, separated by hand and the
amount of fiber tear determined. A minimum of three samples were tested for each
adhesive at each condition reporting the average fiber tear,
Cloud Point
30 A 25 mm X 150 mm Pyrex test tube is filled 3/4 full with molten hot melt
adhesive at a temperature of about 177°C. A thermometer is inserted into the moliten
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PCI/ US97/ 04161 WD 97/ 33921 ‘ Nozzl e Di stance from Substrate
30-60 mMm o9pasz:  Frepare fineline and spray bonds using tiRerigs¢wesnels

i ndi‘cat ed aE%v%’ ring the run, drop eight to ten 2 inch by 8 inch
(5-cmby 20 cm) strips of rel ease paper cross di rectional across the

web to serve ashotmzeit festingagainss thietestithlpe WalbeFhe édaudlpomﬁ‘ns ti@ temp@ratare at

engt . Run T which thebenbore meriings e o emes Visbln SHES Aot HEvuaibe st o

measuring devi | cn) per mnute Report the average
Cﬁb@%aﬁ?op??%ghgﬁﬁs ﬁ%momete_xl:h : .

of 10 sanpl es. IS test method describes how to
measur e the reriglimaté Tensitens Blongatibasi ve surface bonded to a fabric

e 5.5 pout Bk b0 BT ks A RS T S S5
e A s, i i e

The first step méaﬁﬂngwmﬁ&nhﬁtatﬂﬁ% auge séctidna tondition the sdiiples fdvlat Rlas©g4 20

pol yol efin filmusing a suitable coating device at an appropriate

appl i cation hours at3ieCoand:23. tommer@nprempémnudﬂtbf Place-cachiisemiplecinfthe jaws dfe
adhesi ve surface s. covered as ilitate
handli ng. The. cAlosuEs iamsiic tester or editiv: %‘a&ﬁ%&nﬁggﬁmé q fmeasufing p 4 pounds

g/nerr]. e ?ggg&l chesh méjg aﬁ}h 5
cn) wde stlrol ps( whi hfogre-e['%l | nchesg 5 10 cn) f{f\a?jeﬁgt h Ifﬂrtll thzbj machi n ﬁ?
direction. At ocresshest speed antil break. fRedond the "UltimateiPensile hattyi¢ly blyalivifling the h

(0.6 cm of the strip qQnto_itself to greate ri ve t he
rel ease paper aﬁa"‘m%& Bymgﬁmmﬁee?s%%ﬁe ang'mt@%ﬁmm’dhy

strip onto knit h

conposite on th%lvﬁlemc%gl%:a(l:gi roH %}lﬂréaktu}&g % @e %P%‘%'%ﬁgopoﬁhgr

two passes.over"UltimateTisiie” ant" fmbmrBloﬁgﬁoﬁ'h&eha(ﬂveraée of at least five samples.
15 Cold Crack

Prepare several 1 inch by 3 inch (2.5 cm by 7.6 cm) adhesive films free of air
bubbles which are 20-30 mils (0.5 - 0.7 mm) in thickness. Place three films
individually over the v-§haped base of a cold crack apparatus which consists of a
stand with an interlocking pressure bar. The stand is 3 inches (7.6 cm) by 0.75 inch

20 (1.9 cm) wide and 12 inches (30 cm) long. A 90° angle is cut squarely % inch (1.3
cm) deep into the top surface. Place the pressure bar, which is also cut at a 90° angle,
into the gap of the stand. This test is repeated lowering the temperature at 5°F (3°C)
increments with a new film sample for each temperature until the film cracks. The
recorded "Cold Crack” is an average of at least 2 samples.

25  Melt Viscosity

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

30 to cut samples into pieces small enough to fit into the 1 inch (2.5 cm) wide and 5§
inches (13 cm) long sample chamber. The sample is placed in the chamber, which is
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30- tinmer is activated and the sanple is placed into the jaws of the

sl i p-peel #@ﬁ?{i{’ﬁghe 1 inch (2.5 cm wde strip is pl al(;@flmgmlhhe

nobile ja fabric is placed in the

31- WD 97/ 33921 o _ o

PCT/ US97/ 04165k turn inserbédini O ABFooKITIN TRRmFSI inll 5tk ed it Phick valt Bént Weysa P! ©
has been renoved fromthe rol |l -down device, the sanple is peeled at 12

i nches per niroseglie80 The ssmple chambea hasaynotch on dvebotioin that fitsthe bétiem of the

B ot 1 ng anbakgsRhEpasnossLin shiure b the ehgbr s Aok Ao Mot whentien g ars
Pove T- peel < JRibdIE & inkéiudd VpdSpRRARE TR Sbiphé lshenB 5 350°F (17756, Bidh O L0
range W t isout adalitiorml sampleceiigadded until thOndelted sstaplednabout 1 inch (2.5 cm) below
FRbL 7 ™ Bl i 6 o the gaupie chamber. Tobyiagets: Sopstseis i JanTed and the spiBe: ve

i s eval uated E%&&@%m@%@i&%ﬁass i ndi cates that the adhesive is

renmovabl e from the®release paper ‘Wi t hout visibly staining the rel ease

paper . PAFT &La#kring is continued until BakeRGnahe VidcsnmR! Alighén e At S5 O
Kraft paper b%hgand using gl ass rods or shinms. The resultant coati ng

is a 1 inch (Thevisegmeterits thmed onhand settoshear wite] Which|leads to 4 forqoe Sadingrin

0.010 inches Q.2 to t hi ¢ Lter _conditioning the hon at, room
t enper at uB’e f 9P 14189 Q@f‘“’@l’r’fm"s%%@ﬁ mmﬁ% %Mi{)%ﬂﬁ?’e
(PAFT) and  or urti) 9% vAGRSIAHITz, WHicH Sndl REBAGRIAS Yéddrded\FT) Were determ ned

by placing sanples 1n a programed oven wth 100 gram wei ghts for the
peel node and 500 gram wei ghts for t he shear node, ranping the

tenperature u&,f{,pm EBI ﬁrH ﬁ t!o 175[err]C at a rate of 20 25[err]C hour.

The oven aut he tenperature at which the sanples fail.

The reported resul j igen | : r five
G ,g 3 hi® peakRak Q8itd, akd %ﬁgﬁﬁéﬁ% RIS, Phe %e& fire

bonds. Bondi ng ts st ve bonds were e on various
substr at ess usexamniaed usipg nelttrheslogy techhiqugsoras Rheométriab RIXA-1II/D¢ihamic open
time of about 1 secorg[aie a set ti

of about 25 .second, and a bead size
rangi ng from Apalyzst, dthe Tempegayrer Step mode i3 ysed ptilizing, .e???@mgmp@smlﬁg

bonds were t bd 0N S I
the - " amoulthics BOpinElsp" e bhkafts rf o apriiiaiby SRPEIERIRCH SN 8,
tested for eawith 30 sec@diseguilidbrationaletdy at esh step Thicogsoillatory fidqaemeyds dge fi ber

t ear. Co Poi nt
mﬁgan/second with an autostrain functions of 0.1 percent strain initially, increasing in

20  positive 100 percent adjustments when ever the torqué decreased to 10 gram-
centimeters. The maximum strain is set at 26 percent. The autotension function is
used in the compression direction with a force of -3, sensitivity at 15, and switching
occurring at 100 dynes/cm2 (10 Pa). The plates are used with an initial gap of 1.5 mm
at 160°C (the sample aliquots are inserted in the RDS-II at 160°C). The "HOLD"

25 function is engaged at 160°C and the instrument was cooled to -70°C and the test
started (the "HOLD") function corrects for the thermal expansion or contraction of the
test chamber is heated or cooled). The Samples are maintained in a nitrogen
environment throughout the analyses to minimize oxidative degradation. Data
reduction and manipulation are accomplished by the Rheometrics, Inc. RHIOS

30  computer programs (version 4.4.0). The computer software plots G' (the dynamic
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30- A 25 mm X 150 mm Pyrex test tube is filled 3/4 full with

mol t.en hot Rd d733921 adhesive at a tenperature of about 177 erygfausdrroaist
thernmoneter is inserted into the nolten

32 WO 97/ 33921

PCT/ US97/ 04161 storage masiulyseafithe sample); Gi(therdymatmielose srodulus of tid samplé)e tan

"cloud point" i . er,at ure aj . whi ch the_thernoneter, markings are
no | onger visi b‘?eém%wm&%@@gm of the 8lass drapgition (mperatuge).
the thernonet erpegbetackU ti mate Tensile & Elongation 5 Prepare a
20-30 m!l (0.5 -"0.7 nmm thick adhesive filmfree of air bubbles on a

pol yt et r af | uor oet hy| Probedackis deferminedlin atcordarice ithn§ STMED-1979971) Uking af dvll
the film nea;giégg=tgea£€icﬁ§%§§ at .t he gagge section. Conditron the
sanpl es for %at WBY onds ang, g pr Pargfien pi¢obhgmsssct o 50 percent
relative humdity. Place each sanple in the jaws of an Instron
tensile tester or equivalent with a load cell capable of neasuring a 4
pounds 10 (1.8 kg) force +/- 1 percent. Elongate sanples at a 10
inches/mnute (20.5 cm mn) crosshead speed until break. Record the
"Utimate Tensile at yield by dividing the maxi mum f orce by the
cross-section area of the sanple and " percent Elongation" by

di vidi ng the displacenent at break by the sanple Iength and nultiply by

100. The "Utimate Tensile" and " percent Elongation” are an average
of at |east five sanples. 15 Cold Crack Prepare several 1
inch by 3 inch (2.5 cmby 7.6 cn) adhesive filns free of air bubbl es

which are 20-30 mls (0.5 - 0.7 mm in thickness. Place three filns
i ndi vidually over the v-shaped base of a cold crack apparatus which

consists of a stand with an interlocking pressure bar. The stand is 3
inches (7.6 cnm) by 0.75 inch 20 (1.9 cm wide and 12 inches (30 cm | ong.
A 90 angle is cut squarely [err] inch (1.3 cn) deep into the top

surface. Place the pressure bar, which is also cut at a 90 angl e,
into the gap of the stand. This test is repeated |owering the tenperature

at 5[err]F (3[err] 0O increments with a new filmsanple for each
tenperature until the filmcracks. The recorded "Cold Crack” is an
average of at |east 2 sanples. 25 Melt Viscosity Mel t

viscosity is determ ned in accordance with the follow ng procedure using

a Brookfield Laboratories DVII+ Visconeter in disposable alum num sanpl e
chanbers. The spindle used is a SC-3 1 hot-nelt spindle, suitable for
measuri ng vi scosities in the range of from 10 to 100,000 centi poise. A
cutting blade is enpl oyed :
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30- to cut sanples into pieces small enough to fit into the 1 inch (2.5 cm
w de and Qvo”ms'iﬂches (13 cm) long sanple chanber. The sangcgrrsorRyaged i n
rch i 33

t he chanber, S

WD 97/ 33921

PCT/ US97/ 04161 i n t urABIE OFICONTENTS EORTHHEXAMPLESer nosel and

| ocked into place with bent needl e- nose pliers. The sanpl e chanber
has a notch on the bottomthat fits the bottom of the Br ookfi el d

Ther nosel t o IensurlotiMelt Adliesive Basdystes i S not al | owed to turn when the
spindle is inserted and sgi ngj ng. ,The sanple is heated to 350[err]F (177C),
wth 5 additiondl sang 3 aMed until the nmelted sanple is about 1

inch (2.5scm belaw  polji&izafith SulttdRwSASEGEar SRS oty Sand ter

apparatus is |lowered and the_spindl e subrmerged int'o the sanp ‘e
chamber . Lover i htple QneRalymere A-B and Wanesdck Belymerizatine
vi sconmet er algggitiops.t he Ther nosel The visconeter is turned on, and set

to a shear rate which leads to a torque reading in 10 the range of 30 to
60 percent. Readi ngs are takEsbleTwe yPolymers E-F and W d Polyherization €onditions, Or

until the val ues st abi Iﬁ&%dmalg%vg%ﬂ&eadi ng is .recorded. G, G,

and Peak Tan Delta and peak tan delta, are determ ned
as foll ows. The sanpl es- ar e Téble Ehreer Praathpies HMA+tetbtHMA®0! ogy t echni ques on

a Rheonetrics RDA-11 Dynam c Anal yzer. .The Te ture-Step node is
Topls R £ By HMACI0 A 35

used utilizing the 7.9 Tmdi geonetry. The sweep

isg run f(rjom applrpgi mat el Y mﬁﬁﬂ5%ﬂﬂdsm$aﬁt6mﬁ2ﬂer st]gep wi th |
seconds equilibration delay a c ep. e oscillatory frequency is
radi an/ second with an aut ost?’é’?’??tlﬁsﬁgt‘f"?jé of 0.1 percent strain initially,

increasing inL20 mMlt MesshidEenivedhedd Eddnipiidt S When ever the torque
decreased to 10 gram - centineters. The maxinumstrain is set at 26

per cent . ¥¥he aut otensi ofrepasstioniobAdhesives  ysed in the conpression direction

with a force of -3, sensitiViipe stk - ERam SAbY $HI PR occurring at 100
dynes/cnierr] (10 Pa). The p ates are L@ée%’vvltt ar?sﬁn?zti al gap of 1.5 mm

at 160[err] C (the sanple al i Tabia Seven cExamplastPSd-33totP§4-DS- | | at 160C). The
"HOLD' 25 f wRCti Ol dt: and the instrument was cool ed
AC] Hppiad3dihe RlnabBkinpts

to -70[err]C and t "HOLD') function corrects for
the thernmal expansi on OFablesEightand EightoA - Interpolymers and Formulation Components

20 - Table Nine - Nonwoven Construction Adhesives
- Table Ten - Nonwoven Construction Bont!ing Results
- Table Eleven - Thermal Stability of Adhesives
- Table Twelve - Positioning Adhesives
- Table Thirteen - Additional PSA Examples
25 - Table Fourteen - Additional Interpolymer/EVA Blends
Table Fifteen - Target Bookbinding Properties
- Tables Sixteen A and B- Bookbinding
- Table Seventeen- Case and Carton Seal
- Tables Eighteen A,B,C - Packaging Adhesives
30 - Tables Nineteen A 1o E - Interpolymer/Qil Blends
- Tables Twenty A and B- Interpolymer/Polyamide Blends
- Table Twenty-One - Insulation Bonding
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test chanber is heated or cooled). The Sanples are nmaintained in a nitrogen
envi r onnent wdismaeput the anal yses to mininize oxidative degrREEHUSHP41Et o
reducti on and mani pul ati on are acconplished by the Rheonetrics, Inc. RH CS
30 conputer progransg gversion 4.4.0). The conputer software plots G (the

dynami ¢ I Hot Melt Adhesive Examples 34 VO
97/ 33921 .
PCT/ US97/ 04161 storage nodul us of the sanple), G' (the dynam c |oss

nodul us of the gﬁ%sgzzeggﬁon One delta (G/G'), and peak tan delta (a

representation of the glass transition tenperature). Probe tack

Probe tack is dBartdniPreparatton0fdaCIADMENIS h ASTM D-2979-71, using a dwell 5

time of 10 seconds A 2 P s (refunad 1o as R-1)Avss stt-up irs the hood and purged with
nitrogen; it consisted of a 10 L glass kettle with flush mounted bottom valve, S-neck
head, polytetrafluoroethylene gasket, clamp, and stirrer components (bearing, shaft,
and paddle). The necks were equipped as follows: stirrer components were put on the
center neck, and the outer necks had a reflux condenser topped with gas inlet/outlet, an

10" inlet for solvent, a thermocouple, and a stopper. Dry, deoxygenated dimethoxyethane
(DME) was added to the flask (approx. 5 L). In the drybox, 700 g of TiCl3 was
weighed into an equalizing powder addition funnel; the funnel was capped, removed
from the drybox, and put on the reaction kettle in place of the stopper. The TiCl3 was

added over about 10 minutes with stirring. After the addition was completed,

15 additional DME was used to wash the rest of the TiCl3 into the flask. The addition
funnel was replaced with a stopper, and the mixture heated to reflux. The color
changed from purple to pale blue. The mixture was heated for about 5 hours, cooled to
room temperature, the solid was ﬂlowed to settle, and the supernatant was decanted
from the solid. The TiCI3(DME)], s was left in R_—l as a pale blue solid.

20
The apparatus (referred to as R-2) was set-up as described for R-1, except that
flask size was 30 L. The head was equipped with seven necks; stirrer in the center
neck, and the outer necks containing condenser topped with nitrogen inlet/outlet,
25  vacuum adapter, reagent addition tube, thermocouple, and stoppers. The flask was
loaded with 4.5 L of toluene, 1.14 kg of (Me4CsH)SiMepNH-t-Bu, and 3.46 kg of 2
M i-PrMgCl in Et20. The mixture was then heated, and the ether allowed to boil off

into a trap cooled to -78°C. After four hours, the temperature of the mixture had
reached 75°C. At the end of this time, the heater was turned off and DME was added
30 to the hot, stirring solution, resulting in the formation of a white solid. The solution

was allowed to cool to room temperature, the material was allowed to settle, and the
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supernatant was decanted from the solid. The [(Me4Cs)SiMe2N-t-Bu]{MgCl]2 was
left in R-2 as an off-white solid.

5 The materials in R-1 and R-2 were slurried in DME (3 L of DME in R-1 and §
L in R-2). The contents of R-1 were transferred to R-2 using a transfer tube connected
 to the bottom valve of the 10 L flask and one of the head openings in the 30 L flask.
The remaining material in R-1 was washed over using additional DME. The mixture
darkened quickly to a deep red/brown color, and the temperature in R-2 rose from
10 21°Cto 32°C. After 20 minutes, 160 mL of CH2Cl2 was added through a dropping
funnel, resulting in a color change to green/brown. This was followed by the addition
of 3.46 kg of 3 M MeMgCl in THF, which caused a temperature increase from 22°C to
5 °C. The mixture was stirred for 30 minutes, then 6 L of solvent was removed under
vacuum. Isopar™ E hydrocarbon (6 L) was added to the flask. This vacuum/solvent
15  addition cycle was repeated, with 4 L of solvent removed and 5 L of Isopar™ E
hydrocarbon added. In the final vacuum step, an additional 1.2 L of solvent was
removed. The material was allowed to settle overnight, then the liquid layer decanted
into another 30 L giass kettle (R-3). The solvent in R-3 was removed under vacuum to
leave a brown solid, which was re-extracted with Isopar E; this material was
20 transferred into a storage cylinder. Analysis indicated that the solution (17.23 L) was

0.1534 M in titanium; this is equal to 2.644 moles of [(n°-Me4C5)SiMepN-t-
Bu]TiMe)>. The remaining solids in R-2 were further extracted with Isopar™ E
hydrocarbon, the solution was transferred to R-3, then dried under vacuum and re-

extracted with Isopar™ E hydrocarbon. This solution was transferred to storage
25  bottles; analysis indicated a concentration of 0.1403 M titanium and a volume of 4.3 L

{0.6032 moles [(n5-Me4C5)SiMe2N-t-Bu]'I‘iMe2). This gives an overall yield of

3.2469 moles of [(n5-Me4€5)SiMezN—t—Bu]TiMe2, or 1063 g. Thisisa 72 percent
yield overall based on the titanium added as TiCl3.
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- - Table One - Polynmers A-D and Waxes 1-3 Pol yneri zati on
Condi ti ons. o Table Two - Polynmers E-F and VigstAise7/04161
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- Tabl e Three - Exanples HVA-1 to HVA-9 -
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Preparation of Adhes ] J =
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PSA-34 111 jtro éﬁﬂi ¢ ridlsted bfIPRFL pless Retlie ShisP&hABhed bottom valve, S-rieck
Tabl es Ei ght a%‘ F it-A - Interpolymers and Fornul ation Conponents 20

- Tablse Nhead, polbdmmﬂumdwgasm dmpchxﬁsmzm components (bearing, shaﬁ and
Tabl e Ten - Nonwoy. nstructi on Bond bl e
El even - Ther naPadéi%)bl t“?"'ﬁ?f%l‘?@gﬁpwéagﬁ’l ot shrrercompone:pgmempq e

Posi ti oni Adh
Exanpl oo 28 " Contekbok, and the qutet nécks had 4208 algheaPibeped Wit aeg by Gl an

Bl ends inlet for solvent, altheintodouplecand a stéppeye Drippddoxypeliatea] dirmetenivethane
- Tabl es Si xteen A and B- Bookhi ndi ng Tabl e
Sevent een- Case(RME) waspddedsoghe ask(approx 5.2L). 1“%@%@98?&%%@”

Packagi ng Adhesi ve .es N|
| nt er pol ymel¥ o Ve @@‘iggoanequalmngpowdera %ﬁ“ a@ﬁf‘y%fmw removed
I nt er pol ymer / Pokyaih, gﬁrﬁoﬁ,nﬁﬁipmonthemcnonkeﬁlex ﬂ%@om%ﬁ@%ﬁg was

I nsul ati on Bondl ng
WO 97/33921  added over about 10 minutes with stirring. Aftertheaddmon was completed,

PCT/ US97/ 04161 l. Hot Melt Adhesive Exar:ip
additional DME was used to wash the rest of the iCl3 into the flask. This process
was then repeated with 325 g of additional TiCl3, giving a total of 625 g. The addition
15  funnel was replaced with a stopper, and the mixture heated to reflux. The color

changed from purple to pale blue. The mixture was heated for about 5 hours, cooled to

room temperature, the solid was allowed to settle, and the supernatant was decanted
from the solid. The TiCl3(DME)1 s was left in R-1 as a pale blue solid.

20  Part2: Preparation of [(Me4C5)SiMeoN-t-Bul[MgCl]?

The apparatus (referred to as R-2) was set-up as described for R-1, except that
flask size was 30 L. The head was equipped with seven necks; stirrer in the center
neck, and the outer necks containing condenser topped with nitrogen inlet/outlet,
vacuum adapter, reagent addition tube, thermocouple, and stoppers. The flask was

25 loaded with 7 L of toluene, 3.09 kg of 2.17 M i-PrMgCl in Et20, 250 mL of THF, and
1.03 kg of (Me4C5H)SiMeaNH-t-Bu. The mixture was then heated, and the ether
allowed to boil off into a trap cooled to -78°C. Afier three hours, the temperature of
the mixture had reached 80°C, at which time a white precipitate formed. The
temperature was then increased to 90°C over 30 minutes and held at this temperature

30 for 2 hours. At the end of this time, the heater was turned off, and 2 L of DME was

added to the hot, stirring solution, resulting in the formation of additional precipitate.
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Cat al yst Prewarati on One Part 1: Preparion of TiC[err](DIVE)[err] 5
The apparatus (referred to as R-1) was set-up in the hood arpﬁ_l[}g% &Ath
un ot

ni t rogen,; ? sted of a 10 L glass kettle with flush no

val ve, 5-neck head, pol ytetrafl uoroethyl ene gasket, clanp, and
stirrer comp iéuﬁ&?@%%w&fﬁf&oltomom@&?eﬂﬁ%'tﬁlmaﬂiﬁlW’aﬁ'ﬁﬂo% ﬁk

equi pped as fol stir conponents were on the center nec and

the outer necmﬂhadd&leﬂrpbnmmbmdwmed(ﬁmnahmoﬂxﬂ g‘asaddnﬁmtadmshwasdeﬂe 10
inlet for solve

h d a.st ted
i et hoxyet anky Soding %lm%éy”gcauﬁgw el it Rlewing sl 3 eHle, 30 ¢ e

dryb 700 dtf&mﬁ “%Mﬁg
a(rjdl 1(:) f(on funge @3&% vvas ng?/s‘gf'ﬁmwlﬁm@g%%eﬁ% d
put on the reacin Givititeldofidi N P! ace of the stopper. The TiCl[err] was

added over about 10 mnutes with stirring. After the addition was
conpleted, 15 additional DME was used to wash the rest of the TiCl[err]

into the flask The add|t|on funnel was_repl aced W|th a stopper, and
the mixture hBagtd ara advde fiMeoN-t-Bul¥; tadiened| e to pale
bl ue. The mxture was heat ed for about 5 hours, cool ed to room

temperature, the sdbemajgrialsinRlandRo2 vere slurriedin DME (thedetah xolumesof the

bl o b Ue_sol PSS iEaidhnplV 1R AT A, 1 el i ©

[(Me[err]fd er frinsFerhéil 9/R-2Nisinglitrdrifer fdletonhected to the bottom vAl@ GFRREI 61 Ytask

(referred to as R 2) was set-up as described for R 1, except that

flask size wamctamq_ofﬂmbeademmnss inethei30 e flask. t Thesremainingmiateriab iri Rrlewas n t he

STt ogen i nl ovRSisdiaer b SRS pi1F nateind derkeB Ay bR BRS¢
ther mocoupl e, redNowh @BRE! Aftef 1§ ndibdteX 1036 mL of 1 b%ﬁ%&ﬁehﬂdi@%&? 03 M

tol uene, 1.14 kg of (Me[err]Clerr|H SiMe[err[NHt-Bu, and 3.46
Mi-Prvgd i nn-lB@dg@]ﬂTHﬁwerﬂaddadenmitanbbmly hﬁhﬂmmmmrwrﬂeadhddamed

to boil off toa ap,gooled to - 78lerr]C. After urs, the
t enper at ute o %‘E g&fﬁ“"““’“#ﬁa@hgﬁ ‘%‘F?T"&“‘Kfe‘fﬁézgﬁ? theny s
time, the hea& omfa:éw 11 d?ﬁoiveam%ma wRdelShcdtn. HRxhASWROthen JEd 1010
solution, resulting in"the formtion of a white solid. The solution
was al | oned tthedlask t¢ @ totaiomlsreepE22Lu The mdterialwias alloived tos sextie, and dhe hiquid
ttl dt . 3
St e 12" faSer (12 L) was decanted into another 30 L glass kettle (R-3). An additional 15 liters
PCT/ US97/ 04164¢ product solution was collected by adding hexane to R-2, stirring for 50 minutes,
20  again allowing to settle, and decanting. This material was combined with the first
extract in R-3. The solvent in R-3 was removed under vacuum to leave a red/black
solid, which was then extracted with toluene. This material was transferred into a

storage cylinder. Analysis indicated that the solution (11.75 L) was 0.255 M in
titanium; this is equal to 3.0 moles of [(1]5—Me4C5)SiMe2N-t-Bu]Ti(n4-1,3-

25  pentadiene) or 1095 g. This is a 74 percent yield based on the titanium added as
TiCl3.

Polymerization of Ultra- olecular Wei olymers and Waxes
Polymers A-D and Waxes 1-3 were produced in a solution polymerization
30 process using a continuously stirred reactor. Polymers A, B, and C, and Wax 1 were

each stabilized with 1250 ppm calcium stearate, 500 ppm Irganox™ 1076 hindered
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supernat ant was decanted fromthe solid. The

[ (Me[err.] C .}I,gﬁhi\/E[err]l\l-t-Bu][l\/gG][err] was | eft 1 NPETAISATO4161
off-white s‘ﬁ?b Part 3: Preparation of [(n[err]-Me[err]
)Si Me[err] N-t-Bu] Ti Me[err The materials in RI1 and R 2 were

slurried i n D\golyphdnobstal @vmlaﬁranscxba—Gexgy Corporation);rand §0hprmRERQ

bot t om val 52”34&44& zwir%%fehaﬁe%w Biheighe ADno SRR Evailpble et L
flask. erpb%em Bid wises m@s%&aeacmazaﬂ%g's@ba'

DMVE. The mxture d quickly to a deep red/ brown col or t he
t enper at ur e i nppindrganex™ 1096 Hind<ted polvphbncd; sﬁbﬂlzenﬂﬂeppaﬂ’ﬁl’@utmhwmmnm
of CHerr](err]2 vvas added .t ﬂrou g/aa dr oppi ng funnel, resulting in a
col or chan tl'}'a@' s followed by the addi ti on of 3.46

kg of 3 M MeMgCl in c ]C
to 5 [err]C T%?a;gg%h?mr e“gﬁ%ﬁ‘i@é‘@f& %@?;gecro m nu%é %fkl%%%ﬁ{é
sol vent was r eifitdtcediaty the dilueitanixuire, 4 sixtard offC4-C; Esbmﬁdtathy&@&tb@né-)fox‘/\/as
added to the flask. This vacuum sol vent 15 addition cycl e was repeat ed,

with 4 L of sobxdnipleISOPAR-Elytirocdrbai mﬁ)ﬁtﬁﬁé(ﬁf'ﬁlab]e frébm Exxon@f&xﬁﬁﬁrwﬂpany)

added. In the fipal vacuum step, an additio L _of sol vent_ was

renoved. The neadthesomgaemer. BogpelymemsA B (N’érlﬁ%fm\yﬂ%‘ﬁltﬁ@?%ld
Layer decafy odeor cooh i ANBLES, Wi 5 B0 %olRhoher Pl o0 v

R-3 was re I(‘Jper vacuum eave rown so

re-extracted V\béximiu&eﬂytlin&teﬂhn&ﬂi&ifeﬁﬂbﬂl was 20 transferred into a
storage cylinder. Analysis indicated that the solution (17.23 L) was

0.1534 Min titani ufhemetal qompéq&mdma@bmwmmmbmed mtoasmglestrmmand

of [([err]-Me[err err])Si There |n|

in R2 were fu%%%&‘?‘é% Fﬂe‘?m JEIEQJPolymerﬁﬁ hgax
sol ution was t§ahe catal as?r%paﬁeb hoﬁ@dé%ﬁﬁﬁdlﬁve For
extracted with 1sopar[err] hydr ocar bon Thi's soI ution was transferred to

st orage 2515 boPolyser Dhard wgs 2 aml aaﬂ:e@aulmweem pmpargd\ inCatalyst Ppatration
t:\/'ttaircl:l[ g;nr ?;]gl El\i/ﬁ'/"gr%“%f%ﬂvﬁ kﬁ%’fcbﬁ" Iy 60 ?J‘l‘g E%'r@i)&}"ﬁl el d of
This is a 7o piegaitioropidrhiirils Sty %%%“%‘ bl Sl o I8Gppd gt
Tic[err]. hydrocarbon, from Boulder Scientific. Aluminum was provided in the form of a
solution of modified methylalumoxane (MMAO Type 3A) in heptane, which is

20  available at 2 2 wt percent aluminum concentration from Akzo Nobel Chemical Inc.

Sufficient residence time was allowed for the metal complex and cocatalyst to
react prior to introduction into the polymerization reactor. In each polymerization
reaction, the reactor pressure was held constant at about 475 psig (3.3 MPa). Ethylene
content of the reactor, in each polymerization, after reaching steady state, was

25 maintained at the conditions specified in Table One.

After polymerization, the reactor exit stream was introduced into a separator
where the molten polymer is separated from the unreacted comonomer(s), unreacted
ethylene, unreacted hydrogen, and diluent mixture stream. The molten polymer was
subsequently strand chopped or pelletized, and, after being cooled in a water bath or

30  pelletizer, the solid pellets were collected. Table One describes the polymerization
conditions and the resultant polymer properties.
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fktsp" Of
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RSTIRY)
it consisted of a 10 L

Part 1
The apparatus (referred to

5-neck 5 head,

ni t rogen,;

gl ass kettle wth flush nounted bottom val ve,

set-up in the hood and purged with
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1.03 kg of (Me[err]Clerr]H) Si Me[err]NHt-Bu. The m xture was then heated,
and the et '\%EW‘IBS”I allowed to boil off into a trap cool ed to pcAUSINWOUEEL
After three hours, the tenperature of the m xture had reached
80Terr]C, at which~tirne a white precipitate forned. The tenperature
was then increased WolmﬁmdBmme%mm&mediaawmﬁ@nmtmmmﬁm 30
for 2 hours. At the end of hIS he heater was rn d off, and, 2 L of
DVE was BIRFESH ysipg ?18" “LP@"’S PRR TegRtor. PolyeRer Was stabilized

‘;gr mati o ”V\g 9?% gmpxﬂrﬁiahgkmﬂf% hindered polyphenol stabilizer (available from Ciba-

PCT/ US97/ 04161Geigy Coiﬁbfamb sihd 85 ppAsdeidripnaaten (s adatdlyst kilDagdngyDer at Ur e,
the material was allowed to settle, and the supernatant was decanted

fromthe sofid. An aareethsdmarw@thhhmgm@éwel as any ethydenrpandhydeegen which
stirring for S?«gﬁj&'ﬁg ?}Sﬁgxﬁ%eﬁz%glop el SonBired Infone Shrbhf befltd being

decanting the
[(Me[err] errlﬁu%dﬁbé&rﬂt& W&%{M@ﬂelﬂmftgjc 10 saturatéd hydrocarbofi§] for
e

of f-white solid. Part 3. Preparation -of rr]5- I\/E[err]C[err ) S
i Me[ er r] N-t - Bubsarhple; Ysbpar™8-Blnidir6cht] Vailable from Exxon ChdhicaleCéthpatly) ahd dig 1
and R-2 were slurried in DVE (the total volunes of the m xtures were

approxi mat el y somonemey l-ogiege.12 L in R-2). The contents of R 1 were 10

ELgnigerereﬁi%to R-2 ﬁﬁﬁ%ﬁ‘é%&?{%ﬁwbei gnected L"ﬁtm bot mval ve ,of

remai ning mat egjepd alsd c&ﬁhﬁéﬁﬁymjeﬂem%mrw&@sgt Af!t ] 1{% The
er

m xture darkened quickly to a" deep red/ brown col of. m nut es,
1050 mL of 1, 3Cpaima}ee¢r@tmdrmwtbqhabo®,d&mmarycmaﬁmgmu n THF were
added si mul t an The mum te e he fl ask
during this ad§7 Y@P %ﬁéﬂqﬁ ‘ﬁ%ﬁs? WEPEEeRit s |

was 't hen aﬁﬁﬁée‘%‘%@“‘m e Rt voﬁ‘ﬁ*‘*&‘?"&? e

was al | onets t onm&tytlalamoaanb (MMAO Jyipel 3A), avallablefroni Akizp Nubel GhemivabIhcl 48
another 30 L ¢l alss kettle (R—%ﬁn additional] 15 liters of product
sol ution was c¥ ‘F@‘E“m&tlrrlngfor 50 m nutes, 20

?%{: PI ?!Slt o " J:E)(zt fg@?ﬁ&etﬁ%@%d&%ﬁe SO ven%@gﬁr\/\as I’ ggérk%élgﬂm

to | eave a redfeabegrior to introduction inth itied polpmetiPtionasictae UFik t'éhéthr prebsued (vas
This material was transferred jinto_ a
held constant at about 475 psig (3.3 MPa).

20 Afier polymerization, the reactor exit stream was introduced into a separator
where the molten polymer was separated from the unreacted comonomer(s), unreacted
ethylene, unreacted hydrogen, and diluent mixture stream, which was in turn recycled
for combination with fresh comonomer, ethylene, hydrogen, and diluent, for
introduction into the reactor. The molten polymer was subsequently strand chopped or

25  pelletized, and, after being cooled in a water bath or pelletizer, the solid pellets were
collected. Table Two describes the polymerization conditions and the resultant

polymer properties.
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st-orage cyli
Min
[([err]5-

nder .

this is equal to 3.0

nol esof

g.” This is a 74 percent yield based on the titanium added as

TiCl[err].
and Waxes
sol ution pol
Pol ymers A,

cal ci um st ea

40 WO 9
PCT/ US97/ 041
Cor por ati on)
(tetrakis(2,

from d

stabilized wkh—500

stabilizer,
The ethylene
I ntroduced i
hydr ocar bons
from Exxon
and D and fo
conononer .
react or.

a single str
For Pol yners
Catal yst Pre
3, the catal)
above. For ef
tris(pentafl
| sopar[err]
was provi ded
(MVAO Type 3
al um num con¢

Anal ysis indicated that the solution (11.75 L) was 0. 255
titani um

W&%ﬂ'])SI Me[err]'N-t-Bu] Ti ([err] -1,3- 25 penta(?%”@f“QO%

Pol ymeri zati on of UMI ecul ar Wi ght Pol yners
Polyners A-D an =3 were produced in a

merization 30 process using ®olyinerE O S|§'olﬁidrmfed r ek 91 -
j QTWW 3 el medwi--p—1280-pom
1 k)"8 ppm.] rgano )?r] 1056 8 ) 140 (63.5)
[Totbethylene feed rate (Ibs/hr (kg/hr)) 146.2 (66. 32) 146.17 (66.30) | 146.5 (66.45)
Frosh octene o %00 GEURT (eghiop 1 1 2 O el P TSGR A ¥ 5
Tdﬂ@%#ﬁfp‘hémw bi ph nybtdnf@ndnephospl‘ldﬁn)e) (3eaidenle

riant Corporation). Polyner

nnm.lraoanaoyl Dl"rj

D and Waxeq

2 and 3 were each

1076 hinddred pol yvphenol
dotalnsisnssoncontration (weisht peissRY 5 |WNetdptemmined 4 catHidyst ki | | 3a@gent )
and the hydrogen were comnbi ned into onq stream before bei ng
to—the—thttrefrt—ht->dte—a—pet-e—of l-saturate
Fresft hydrogen feeémﬂﬂwem E hvd@&éar bdn P re | avalioh e
m&id@mm@)ate (lbslhr&gmr)l hg C(&W)mmer [809.4 ml]y r 848380 U

| * ﬂ CUITuUI Ullbl S Cc%nnn
Peact or 'feéﬁe%% t?e %((’)“ﬁtl ndous!?V-i nj elct ed®$ o the
Reaccortempera'tin(ﬁmt al corrpl ex gnd (109:&& al yfsts1y8 e clondl Bad I ntp
o re—atso—comtitotst |||J"‘+Cd —Rr-eo—-he——eact-or
2 ﬂ%’" adV\ax 1. f{the catalygt ésas greparléfﬁln
)M&tmcmws@pnt)orth above For 705 Pql ymero D a d Waxms 2 and
‘WA o i~ SaE-—aH AMo—S-at 'Fnrf
7m0) e CO da pgﬁ/@‘ﬂt 3351 1‘265(05738) T 46Q20)
Bnmphm;&lthmumwabl e jas alZBOwt ger caeodl soljut | omogn
] f oy ::.‘ Sttt
A e T M e A R R Ty A e
\)l“tanmnt:ivpma\méoprmhl ch |s 20 eva! | 206 e atff a 348 pgrcent.8o7
WJ L UA{CTTTI L,Tgs LI LAY 198 198
Secondary cocatalyst flow rate (ibs/hr (kg/hr)) 0.718 (0.326) 1.258 (0.571) 3.7(1.7)
Titanium:aluminum molar ratio 5 4986 4.937
Product melt viscosity at 350°F (centipoise) 12,500 4,000 400
Polymer melt index (I, at 190°C)* 686* 1,900% 14,000*
Polymer M, 12,300* 8,900 4,700*

* Calculated on the basis of melt viscosity correlations in accordance with the

formulas:

Ip =3.6126(10 log(n)-6.6928)/-1.1363) _ 9 3185,

M, = 10f(logn + 10.46)/3.56)]

where 11 = melt viscosity at 350°F.
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Sufficient residence time was allowed for the netal conplex and cocatal yst

to rea&b,g;sbﬁrl to introduction into the polynerization ragaCios9704061
each pol ymeri zat 1 on reaction, the reactor pressure was hel d constant
at” about 475 psig (3.3 Et hyl ene content of the reactor, in each
pol yneri zati on, aft&1M|wm assfoliows. Hesa 4 liter autonlene stived teactue,

diti h
Cenct or oxi i <Bb5A % GEEoPRP B ATABs A exailabln famERoR CRepREn ComBA AR
pol yrmer is Sep@ﬁ@h?k%&ﬁﬁl%ﬁ‘eWt%mpgv@h@dm%@?%ﬁ%ﬂﬁnm

et hyl ene, unreacte ydr ogen, | uent m xture stream

pol yner was adddmwugylnﬂeﬁrﬁy&bgapemaddqzbﬂoloausmo puig (1.2INR4)
being cooled in a water bath o lr'?@ elletizer, the solj ellets were
col | ect ed. STabPEeSsWe dRpm the sxlin ﬁ?%‘?’z‘!ﬁﬁ FPP“’SS‘“’@GQ #5Qpsig £3d MRBe)

Li‘sm tant pol y%@g&%geﬁab‘f?stwas added at the rate of 1 co/min. The catalyst was as prepared

PCT/ US97/ 04161111 the CatitPregatiidn One set forth above. Prior to introduction into the reacto
PCT/ US97/ 04161 Pol ymers E and F and Wax 4 were produce |nr’a

sol uti on pol yniheicatalyssiwas mixed withethe cggatﬂgstamratmfxleﬁtniecﬂaﬂ.ﬂﬂiﬂs{sgluhonp

L?ﬁgte(r)red Egrcpﬁghﬁﬁm?s stabl Ize%ndmhy Wi, t h 000 m Ir é[err(],wlom

Cor por ati ofg agfixtire, 1A M\@?ﬁ ﬁﬁtr?s(ﬁ&kﬁ' ?Id}gg@
The et hyl ene anc t hé hydrogit(;££1]()a?5I lﬁg&s any et hy enep andb rogen Bﬁ?
were recycl ed hydmmrbensmm(ﬁ wtpe:cent:mhtmmmftns@en\aﬂao&phawhﬁﬁmhﬁ

bei ng od |Iuent m,xture, a mxture of err -C[err]
sat ur at ed hydr kﬁé’&%qg'&g hy ﬁr?ﬁ?ﬂa I?MBPBWFHS@ Doba ﬁ' a

(18\/al able frow conp%ﬁ%%a yS agffngmﬁﬁagﬁﬁ{“ 0 a sl ngI e

st ream and (MMAOTypeSA) (a solution of MMAO Type3Amheptanew1tha2wtpercemt
15  aluminum content is available from Akzo Nobel Chemical Inc.), and 19.5 mL of
Isopar™-E hydrocarbon mixture. Ethylene was supplied on demand. The reactor

" temperature and pressure were set at 120°C and 450 psig (3.1 MPa), respectively. The

reaction continued for 23.1 minutes. At this time, the agitation was stopped and the

' reactor contents transferred to a glass collection kettle. The reactor product was dried
20  inavacuum oven overnight. The ethylene/octene product thus prepared had a density

of 0.867 g/cm3, and an 15 at 190°C of 842 g/10 min.

The indicated polymer, tackifier, wax, and antioxidant were simultaneously
25 added in the indicated amounts to a Haake Rheocord 40 mixer using 2 200 gram
mixing bow! maintained at about 130°C at 95 revolutions per minute. The ingredients
were mixed for about 5 minutes, until they became molten.
Polymers A-C and Wax 1 were prepared by the procedures set forth above,
Polywax 2000 ethylene homopolymer is available from Petrolite, Inc. (Tulsa,
30 OK). Polywax 2000 has a molecular weight of approximately 2000, an Mw/M;, of
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were al so continuously injected into the reactor. The catal yst was as

prepared in Catal yst Description Two set forth above; the pri mary
cocat al yswq/ﬂﬁ”‘” tri (pentafl uorophenyl)borane, avail abl &GL; B8lftder
Scientific as a 3 wt percent solution in | SOPAR-E mi xed hydrocar bon;
and the secony t.hykal O Type
3A), avail abl g rom %ﬁ;ngi\%ggfwc;??%%‘?ogge C'Xk an'ﬂ EIEWM ctfept ane
having 2 wt foxivhatelyp 26T ) Sufficient residence tinme was
al l owed for t met al conpl ex and cocatal yst to react prior to

i ntroduction i nt 0 (ﬂPlHaﬂdl (rparaffinic ovaxrie avaitable ffom (EEHallQStqw,@HyrePMI
hel d const ant 475 psi 3.3 MPa) ol yneri zation,
the reactor el?i% 5‘?’% W&slﬁg“‘ ﬂﬂ)‘%; séﬁbﬁPﬁ%‘B’ratzlopFﬂ%éﬂe t he

nol t en pogy%ﬁ?&;s g.ggﬁlﬁ conononer (s), unreacted
et hyl ene, unreac ecf%{ég?o en égﬁgh%gfuent m'xﬁgre stream which was in turn
recycl ed for Wﬁamommmlewmmmmxsewmanméw and

di luent, for I‘_’é‘ntro uction into the reactor. The nolten pol yner was

subsequent | y Exxpn Gompany fHousten, TX). , BscoremB13 LG hasredengity of 0¥ i n a
wat er bath or e solid, pellets were coll ected. Table Two
descri bes t h@l‘gg# 9%@@&%E%mshgﬁgdﬁm%byegm:mc hromatognaphy

properti es. . . 13
WO 97/ 33921 of 1450, a viscosity at 177®F of 300 centipoise, and an My/M,, of 2.1.

PCT/ US97494161 ABLE. T
Pol yner B Pol fr?éarl 105 pentac, %tolisterofhydﬂgﬁn?tgcrl]éo ‘“‘?k‘éaf?‘éﬁ“égg bs/ hr
(kg/ hr)) 14ﬁoﬁlﬁﬂefc).ﬂes InéetPofated(Wilmingtdn] ME)3. 5) Tot al ethylene feed

rate (1bs/hr (kgl 46. 2 (66. 32 146, 17 (66, 30) 146.5 (66, 45 )
Fresh octene feedhééi; 1’%‘51% borstesin is g tapkifier availatde from 4)

12.67 (5. 75) Hercules Incorporated (W:lmmgton, DE).
Irganox™ 1010 hindered phenolic antioxidant is available from Ciba-Geigy.
15 Hot melt adhesives HMA-1 through HMA-9 were tested for initial viscosity
and viscosity afier three days, using a Brookfield viscometer at 350°F (177°C).

Hot melt adhesives HMA-3, 4, and 7 were tested for shear adhesion failure
temperature (SAFT) in z}ccordance with the following procedure. A one inch by one
inch (2.5 cm by 2.5 cm) lap shear bond to case cartons using the indicated HMA in

20  its molten state, was prepared. Samples were hung vertically in an air circulating oven
at 30°C with a 500 gram weight suspended from the bottom of the strip, except in the
case of HMA-7 in which a 100 gram weight was used. The oven temperature was
increased by 5°C every 30 minutes until the adhesive bond failed. The shear-fail
temperature was the average of three SAFT measurements.

25 Hot melt adhesives HMA-1 through HMA-5 were tested for low temperature
adhesion in accordance with the following procedure. A one inch by one inch (2.5 cm
by 2.5 cm) lap shear bond to case cartons and to 20 point boards, using the indicated
HMA in its molten state, was prepared. The samples were placed in a refrigerated
oven at -30°C for about 4 hours. The samples were taken from the oven one at a time

30  and are tested for paper tear using a 0.125 inch (3 mm) mandrel.



Tot-al octene feed rate (lbs/hr (kg/hr)) Not determ ned 112 (50. 8)

32.9 (14.9) 97733921 1Ot al octene concentration (wei ght percent )pernddgiosiet
det erm ned v?i 3. 36 Fresh hydrogen feed rate (standard

cnferr]/mn.) -4025 5350 16100 Sol vent and oct ene
feed rate (Ibs/hr (KBihhotmelgadhesBes (HMA'S) forfndlaled in thid4Dar(riB dde set forth in the

Et hyl ene conver on r per cen 90. 7, ... . . 90.3.
88. 26 Re 8 at%%é %‘ea% ':‘Pf e meas‘“egn“ﬁal Vviscosity; yiscpyty after three

ié9. 8 dféé”s&n andloﬁﬂgg:p%m%%aﬁf& {eE c@ncentratl on (ppm

70 Catalyst flowrate (I|bs/hr

(kg/ hr)) 0.725 (0. 329) 1.265 (0.5738) 4.6 (2.1) Primary
cocat al yst concentration (ppm 1200 2031 1998
Primary cocatalyst flowrate (I bs/hr (kg/hr)) 2.96(1.34) 1. 635 (0.7416)
5.86 (2.66) Ti tani um boron nolar ratio 2. 96

3. 48 , 2. 897 Secondary cocatal yst concentration (ppm

198 198 198 Secondary cocatal yst flow rate
(I'bs/hr (kg/hr)) 0.718 (0.326) 1.258 (0.571) 3.7 (1.7)

Ti tani um al um num nol ar ratio 4.986

4. 037 Product density (g/cnferr]) 0. 8926

0. 8925 0. 9369 Product melt viscosity at 350[err]F
(centipoise) 12,500 4,000 400 Pol ymer nmelt index
(1[err] at 190[err]O* 686* 1, 900* 14, 000*

Pol ymer M err] ' 12, 300* 8, 900*

4, 700* * Cal cul ated on the basis of nelt viscosity correlations in
accordance with the formul as: 5 1lerr]2 =
3.6126(10 log([err])-6.6928/-1.1363) - 9.3185,

Merr] = 10[([err]+ 10.46)/3.56)] where [err] = nmelt viscosity at
350[err]F. 44
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WO 97/ 33921

PCT/ US97/ 04161 Pol ymer G was prepar ed as follows. To a

liter autWeP¥28tirred reactor, 865.9 g of Isopar[erlpfrélq?y’af’(féar bon
(avail abl e from Exxon Chem cal Oorrpany) and 800.4 g 1-octene were
charged. The reactor was heated to 120[err] C and hydrogen was added
froma 75 cc cylinder. Hydrogen was added to cause a 250 psig (1.7 MPa) 5
pressure drop in the cyllnder The reactor was then pressurlzed to 450 psig

(3.1 MPa) i o FthytgEe Cajgyst = at f 1 cc/ mn.
The cataly % S gs prepdred I n t%ao ratifor] One set
forth abov Priorf to intfroductfon intp th hg catal yst was
m xed wi th¥He codatal ystfs at ajratio pf|1l . P05 qol uti on
of Catal ysf_Heeparfgdron qae 1n pg [ner i1y rasTryopar[err] -E
hydr ocar bogd® mj|xture, {1.5 nL}jof a Of OB
tris(penta yor opRenyl ) bgrane ip | sopaf|[gr ydr o¢antbon m xture
(a 3 w pe gnt sql utionjof trik(pentaflpo he i
| sopar[err .;dwdra:arbo Xtufes 1S & JeL[Sgientific),
1.5 mL of &< & o5 Msolutiﬁﬁofﬁﬁf R&ne |in
| sopar[err}&]E hydrocarb¢n m xtpre ( (&=4olluti on of MVAO
Type 3A.in ptand with 2 W percenti 1b ent |i g avail abl e
from Akzo Neljel Cl’gri cal {&nc. ), taand 19Dl ppar fefdr] -E
hydr ocar boftfi xt urf& Et h{l ene’ wi2 suppl i kd[® he r¢agdt or
t enper at ur ¢&4nd priessurelwere spt at 1220f efr psig} (3.1 MPa),
respecti velhyd The ' cont ilnuedt f fes{ At this tine,
t he agitat f@f©was {& oppe °r=e§ 5 tr@gagferred to a
gl ass col | ¢&t]i on Kettle. |Fhe repct or dro up PO {Ft}a vacuum oven
overni ght. thug d a je+sity of
0. 867 g/ cnj 'd BB o mn
Exanpl es 1%: el i 239 . K &Nt i oxi dant
The i ndi aig pol \Ter, t . wax,| ahdf apt | oi AN e [Si mul t aneous! y
25 add t he ijndi cat ¢d anmpbupts to |a Hapke Rhdogorjd KO | xér using a 200
gram ot ret-ntatret—at—elotE—-3b e+ -4—at—PB5—ewdl ut i ons per
m nute. ghEil@gr edSent s wef B mi xR DR o‘ﬁg%i’n% &iEpntil they
became I . Polymers A-G apd \\//\XX 1 We?ia"bl"e’)a ed by the
pr ocedurs t fonth aboye. | ywax 12400 hyl gn¢ honopol yner
i s avai [F@bl glEromiBetrol t&€, TN (T4l X 090 has a
mol ecul ar rgiﬁht c)fgeappr éi mat e} y ZOOC?"?%F%/% r]?l\ of |&
2 ] gE F
] | 3
v Al :g o é m§§ §‘§ Bl = * §
S @z &= [a 3§ |8 A S|y
TESE IS S 182 [slBF|sl81Ells]  (E]E
£3lzd |27 |8 BlERIE2EEE 5|z
gwgg’“@ 3 4! s [glEEEEH s 188
EIJ[EE 28 8 2 Bl2ERE B0 |58
<580 588 RFIsEIZBl5IT |83
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45 . WO 97/ 33921

PCT/ US97/ O4]€f>97f33%21 approximately 1.0, a density at 16[err] Gpefusdndis1
0.97 g/cnfer and a nmelting poi nt of approximately 126[err]C.

CP Hall 1246 péraffinlc wax is available fromCP Hall (Stow, OH). CP Hall

1246 paraffini c Examplessl 01 Sre BMATS noo InvorpdratisgBTackifiér, a vi scosity at 210
[err]F of 4.2 5 centlptghse apd a s_peC|f|c gra ity at 73[err]F of 0.915.

Escorez E13 1 OLC petkhsi QQMKWFFWXMP%?Q éObYom

087 o ol MR e @ﬂ%#@&mﬁ% {fofhivg - Fhe B0 rRba A

per neation chrong} H8M4AANY HMA-12, Qﬁdmawmw&wﬁms&ahuamtlﬂe%?%?ldn@x%cté@
centipoise, and an Merr|/Merr] of 2.1. 10 For al

pent aer yt hri % ol cepelymers prepared i acgosdance With the procedutes pf BiS. Ratent Nol §,272,236.

115l Tphat i o hy POk BER oPEEe WQE@YFWWM@ syfaple ot Petroic,

Hercul es | ncor pgggated (W I m ngton, | rganox[err] 1010
hi ndered phenolic antioxidant is avai I abI e fromC ba-Geigy. 15 Hot
mel t adhesi ves HVA- l’lfhersanmﬁeslmsi’mmd byesieltihgfthe compbnenits ont & horplate with

and viscosity after three usi ng a Bt oQkf d vi scorreter at 350[err]F
(177[err] O). ngun% m%mmg% ‘\5’&!1 - samples jvere allpwed teenald

f h f
fol lowing piSceture, TRl Guall Bﬁy@%“n‘éwwé"fﬁé@#&wn@?&?%& Kitely¥7s
shear bond to cm(da:m)mpmtlmthgﬁbhemdﬂdfsgi\eﬂphbﬁbdar&%d6tﬁerrﬁiéééﬁf state,

was prepared. Sanples were hur] vertically in an air circulating oven
at 30C with a 5paPgPeard.gaatnd sidetasiample wasplacedontep She struature wasrplaced in a

except in the : Z was,.u The
oven tenperatur B 'ﬁﬁﬁ&&f‘% Ar?cl\f? ga%e #éﬁﬁ&rwgﬁg’%&%tp&a ﬁﬁh")t he
adhesive bond f prdsqgte, aidewad @eh rérmbved and cooled It HMATpARTbdaliE stRYBErRY G
t hree SAFT measurenents. 25 Hot nelt adhesives HVA-1 through

HVA-5 wer e i%st%@éﬂmwer ature adhesion in accordance with the
fol I ow ng procedure. &d%gﬁiﬂtf&%%f%e%' Iy gt%ons aswellastheresults of the paper tear

test are set forth in Table Four.
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by-2.5 cm |ap shear bond to case cartons and to 20 point boards, using the
I ndi cate inits nolten state, was prepared. The Smrﬁs%?

pl aced i(rjiwgg?’é?sﬁ ger at ed oven at -30[err]C for about 4 hours.)ﬁ%@
safpl es were taken fromthe oven one at a time 30 and are tested for paper
tear using a 0.125 inch (3 nm nandrel.
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10

Examples 16-24: Evaluation of HMA's for SAFT
The formulations set forth in Table Five were prepared, with Polymers A, B,

D, and E, and Waxes 2, 3, and 4 being prepared by the procedures set forth above, The
resultant hot melt adhesives were applied to 20 point paperboard boxes such as are
employed in the packaging of rolls of food packaging film, for example SARAN-
WRAP™ (trademark of The Dow Chemical Company), and to a cardboard such as is
employed in cartons for packaging the 20 point paperboard boxes in case-size
quantities. .

The formulations, as well as representative properties thereof, are set forth in
Table Five.
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Hot Melt Adhesive Formulations for Bonding Polyolefins

The hot melt adhesive formulation HMA-22, described in Table Five, was used
to demonstrate the ability of the hot melt adhesives of the invention in the bonding of
polyolefin substrates. Several 6 inch (15.2 cm) by 1 inch (2.5 cm) by 0.115 inch
(0.292 cm) test coupons were cut from compression molded plaques of substantially

- linear ethylene/1-octene interpolymers available from The Dow Chemical Company as

Affinity SM 1300 (having a density of 0.902 g/cm3 and a melt index (I,) of 30 g/10

minutes) and Affinity SM-8400 (having a density of 0.870 g/cm3 and a melt index (I,)
of 30 g/10 minutes),

In the first experiment, the surface of the coupons of Affinity SM 1300 was
heated to 80°C, and the surface of the coupons of the Affinity SM 8400 was heated to
60°C by heating in convection ovens for 20 minutes, or until the specimens were
brought into thermal equilibrium with the oven environment. Likewise, HMA-22 was
melted and stabilized to 392°F (200°C) in a hot glue gun. The HMA-22 was quickly
diépensed onto the surface of the preheated coupons. One of each type of coupon was
pressed together by applying light finger pressure, and were immediately further

| pressed by application of S pounds (2.2 kg) force using a 5 pound (2.2 kg) roller. The

composites were allowed to cool to room temperature.

In the second experiment, the first experiment was repeated, except that the
coupons were not preheated, and the like, the hot melt adhesive HMA-22 was
dispensed at 392°F (200°C) onto coupons which were maintained at room temperature.

The bonded coupons were tested by peeling by hand. The specimens of the
first experiment exhibited very good adhesion. In all cases, the samples failed by the
Affinity SM 8400 layer failing in the tensile mode. . The specimens of the second
experiment showed 2 mixed mode of adhesion, as both adhesive and cohesive failures
were present at the same time on most test coupons. The results were verified by
performing T-peel testing on remaining test coupons. The bonded coupons of the first
experiment exhibited an average T-peel strength of 21.4 + 2.2 pounds/linear inch (24.7
1 2.5 kg/cm). The bonded coupons of the second experiment exhibited an average T-
peel strength of 14.7 + 0.9 pounds/linear inch (17.0 = 1 kg/cm).
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The formul ations set forth in Table Five were prepared, with Polyners A B,
D, and E, 3ggo¥a¥®s 2. 3, and 4 being prepared by the procedurpes/ussrnisit h
above. The resultant hot nelt adhesives were applied to 20 point

paper board boxes such as are 5 enpl oyed in the packaging of rolls of food
packagi ng fi | nHot MeleAdhesive Fxpailati Betrylens sfinsovith EthylenetAcribovAcid
Chem cal Conpany and tQ a cardboard such as is enpl oyed in cartons
for packagi ng s S aE8®E0ar d boxes in case-size quantities.
The fornul ations, a IRk t] oRRERE { S isousid”

forth in 10 Tabl e F?\?ﬁdyﬂ&s’ t@%&%@xﬁ%ﬁﬁ(&aﬂf e s usl?r AASFin the
PCT/ US97/ 0416 lindicated abénts 839 Hhake Rheocord 40 mixer using a 200 g mixing bowl
PCT/US97/04161 . WO 97/ 33921 ] ) . . .

PCT/ US97/ 043 61maintainedat ahgut 4 300458835 kevalytions perrainte: Jrherpgredicgtsryere snixed ns

Lo dononst r at cXREouEs Pplés Bt el et wRRRL U< O The i nvent ion in

esives of the invention in

the bonding of 5 miyleheddrilicatia gmmsgsv@wme&iﬂmbaﬂaﬁe frofil ThdPow
inch (2.5 cm b% 0.115 inch (0292 cm t-est coug{ons were cut from

conpressi on no ¢l Company; Edyencvinylacetate (EVA FElvax 210528 percent VA, @00ene
| nterpol ymers E)i%i xlm%b lusal’c]c xi:gen;()-gp t(gou?xcx)l\Ievrcgi?yma&a"i}llablgqir'g:)nzli P'1.%uPont de Nemours
10  Company. Viscosity, viscosity after 3 days, open and close times, 500 gram SAFT,
100 gram SAFT, 100 gram PAFT and low temperature mandrel tests were performed
as set forth above. .
Sampie HMA 25 is formulated from 100.0 phr of a homogeneous ethylene/1-
octene interpolymer having a density of 0.890 g/cc and a melt viscosity at 350°F

et )

15 (177°C) of 5000 centipoise, 30.0 phr of a homogeneous ethylene homopolymer having
a density of 0.960 g/cc and a melt viscosity at 350°F (177°C) of 300 centipoise, 40.0
phr of Foral™ 105 tackifier, 0.3 phr of Irganox™ 1010 antioxidant, and 18.9 phr
Primacor™ 5990 ethylene acrylic acid copolymer. The formulation has a melt
viscosity at 350°F ( 177‘_’C) of 2775 centipoise, a close time of 5 seconds, an open time

20 of 10 seconds, a 100 gram SAFT of 100°C, a 500 gram SAFT of 115°C, a PAFT of
115°C, and a low temperature mandrel test which indicates 1/4 partial paper fail of
Container Corporation of America.

Sample HMA 26 is formulated from 100.0 phr of a homogeneous ethylene/1-
octene interpolymer having a density of 0.890 g/cc and a melt viscosity at 350°F

25 (177°C) of 5000 centipoise, 30.0 phr of a homogeneous ethylene homopolymer having
a density of 0.960 g/cc and a melt viscosity at 350°F (177°C) of 300 centipoise, 40.0
phr of Foral™ 105 tackifier, 0.3 phr of Irganox™ 1010 antioxidant, and 18.9 phr Elvax
™ 210 EVA. The formulation has a melt viscosity at 350°F (177°C) of 3075
centipoise, a close time of 5 seconds, an open time of 10 seconds, a 100 gram SAFT of

30 100°C, a 500 gram SAFT of 120°C, a PAFT of 125°C, and a low temperature mandrel
test which indicates 1/4 partial paper fail of Container Corporation of America.
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Affinity SM 1300 (havi ng a density of 0.902 g/cnferr] and a nmelt index

(I'ferr]) 8‘1 %?”?H m nutes) and Affinity SM 8400 (hayipg: &@&Slty
of 0.870 &/ and a nelt index (I[err]) 10 of 30 g/10 mnutes

Inthe first experinment, the surface of the coupons of Affinity SM 1300 was
heated to 80[err]C, and the surface of the coupons of the Affinity SM 8400
was heated to 60 err C by heatl ng |n convectlon ovens for 20 m nutes,
or until the BpeciHehMels Sensitivey] ampless eqU|I|br|umvv|ththe
oven environnent. Li kevm se, HI\/A—22 was 15 mel ted and stabilized to
392[err]F (200[err]C) in a hot glue gun. The HVA-22 was quickly

di spensed ont&ﬁﬁnﬂgfgm%p@,gg@&ﬁat ed coupons. One of each type of
coupon was presse 0ge y applying light finger pressure, and
were i mrediately fﬁhehtdtcawdpolmesmnﬁgr plpgticizea) andrantibxidamonerds (22 kg)
force using a.5 pound rql l.er.  The tes were allowed to
cool to room%$® Hﬁ%‘?%’t“ﬁls'ead%ﬁggz °?tﬁd?ﬂﬁ%&ﬁgfm9‘?ﬁ9fﬂ mmusma
experi nment nﬁ§n$ o

and the liKke, ttéaﬁﬂi Wgﬁe% %&' Ay é%@%%' spensg’g}gﬁm‘g r] F

(200[ err] C) dngredientowere mixed foraboat Smiinites, vl thiey begined MmoRes.at ur e.
The bonded coupons were tested by peeling by hand The speci nens of the

first experinent §39@PMGU§}WMRWMMWIG§&ESYM&MI es

Spect mend o fen Cheahfal Combil s T kil s 00 b S HemaiBr G £60 o

bot h adhesi v d tine.on
st st codiane: £ HREH X e*%?%*ﬂ&ﬁ;?é‘asgn R A
testing on r&if@Sﬁ;ﬂﬁhﬁMwMﬁlaﬁImB. The bonded coupons of the first

experiment exhibited an average T-peel strength of 21.4 2.2 pounds/Iinear

inch (24.7 30 2. hghwx®™B90U hindecsdishtnokic antivxidunt isuvailstile AdneitarGemgy!

exhi bited an average T- eel strength of 14.7 0.9 pounds/|i near i nch
(17.0 1 kg/cn). Irganox™ 1010 hindered phenolic antioxidant is available from Ciba«Gpigy. WD

97/ 33921
PCT/ U897/184161 PolyﬁgP%qnte l%\%%aélsay\?e or nu? ations of Ethylenel/a-olefins

wi th Ethyl ene Acr yExamples BSA-27 thaoulhFRSA-32veerd/tasted fAeinited] &iscosity and The
pol ymers, tackifier, wax, and antioxidant were sinultaneously added in the

i ndi cat ed andusrosity after threedaysrising# Brogkfigldadscomstergt 350, Pg-’hﬂmha gmsinlus 5
mxed KGR pealclin Bty TS M3 R Flne TS0 (et e Bote " ©

Table Six. Note that in the case of modulus and peak tan delta, the reported values

20 were extracted from a computer-generated plot of the resuits.
As illustrated in Table Six, the adhesives of Examples 27, 29, 30, 31 and 32

meet the Dahlquist criteria, indicating their suitability as a traditional PSA, with

Examples 27, 29, 30, and 31 further meeting the criteria that the glass transition

temperature range from -20 to 20°C. Examples 27 and 28 illustrate the trend that as

25 number average molecular weight decreases, storage modulus likewise decreases.
Example 29 iltustrates the use of added tackifier to increase the glass transition
temperature of the formulation.

Dual molecular weight blends appear to offer a unique balance of properties
which are not in accordance with the law of mixtures. In particular, while the blend of

30 Example 31 has a storage modulus (G'") at 25°C which is intermediate that of



Ethyl ene acrylic acid (EAA) 5990 is commercially available from The Dow
Cheni cal - COWiEIW@39%k hyl ene vinyl acetate (EVA -Elvax 210; 28 RSGTES7/04k61
200 g/10 min. nelt index) is commercially available fromE. |I. duPont

de Nermours 10 .Co n Vi Sit SGO t an |.ose
times, 500 gr arﬁ’%ﬁ?&;” dsf@otb é %‘ﬁ&fi"%ﬁ@l@ﬂms&g‘f%ﬁgfﬁwd‘ 28,
tenper at ur e MaRgiAtigORhEthe®lchdp 8f flféﬁﬂ?éimon offer Q%yﬁ&éxsﬁ@b&ﬁhv?&ove

Sanmple HVA 25 is fornulated from 100. 0 phr of honogeneous et hyl enel | -

oct ene i nt er pol yner AlaﬁxrttgrélmdwTableﬁxﬂﬂmmZEmyéemwow@amdm at
ﬁiﬂ.fpéfynérm[e”égé e Labe or 55 s Efinmal 298y b emploe o FSdo@pey At
5

Cacki {1 er. 5. 5 Eapltiple'S0'nly e cihiofed i O pect IsbENUr irecst BhelC MM 1 may

Primacor[er r] R Umployed mitglepeel Ilabelsamdilspowﬂaﬁahcaﬁiﬁ Exdriple 3Rirdy bats a
mel t viscosity at 350F (177[err]C) of 2775 centipoise, a close tine
of 5 seconds, &mﬁ%ﬁllﬂl ERAtape. of 10 seconds, a 100 gram SAFT of 100C, a
500 gram SAFT of 115C, a PAFT of 11 5[err]C, and a | ow tenperature
mandrel test which indicates 1/4 partial paper fail of Cont ai ner

Cor poration of Anerica. Sanple HVA 26 is formulated from 100.0
phr of a honbgeneous ethyl ene/l - octene interpolynmer having a density
of 0.890 g/cc and a nmelt viscosity at 350F 25 (177[err]C) of 5000
centi poi se, 30.0 phr of a honpbgeneous ethyl ene honopol yner havi ng a
density of 0.960 g/cc and a nelt viscosity at 350[err]F (177[err]C) of 300
centi poise, 40.0 phr of Foral[err] 105 tacldfier, 0.3 phr of

| rganox[err] 1010 antioxidant, and 18.9 phr El vax [err] 210 EVA. The
formul ation has a nelt viscosity at 350[err]F (177[err]C) of 3075
centipoise, a close tine of 5 seconds, an open tine of 10 seconds, a 100
gram SAFT of 30 100C, a 500 gram SAFT of 120C, a PAFT of 125C, and a | ow

t enperature mandrel - test which indicates 1/4 partial paper fail of
Cont ai ner Corporation of Anmenca.
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As further illustrated in Table Six, Exanple 27 may be enpl oy Ed
t enper at ur WQ aH3¥92br a PSA tape, Exanple 24 nay be enpl oyed a?g‘z?@g%of@ e,
5 Exanpl e 30 may be enployed as a | ow peel |abel or a freezer |abel;

Exanpl e 31 may | |s P&f;_.js- Qﬁb@ ’gﬂd’w I :

appl i cati ons; Exanp?’gk@%%f%g&%g?ﬁ) oyelc}Je?n i(i{ e. 9?138 aesﬁbstannally
linear ethylene polymer in combination with tackifier and a high density polyethylene
having a lower molecular weight as indicated by a melt index (I,) of 25 g/10 min. As
set forth in the following Table Seven, such pressure sensitive adhesives exhibit probe

5  tack values comparable to the adhesive used on Scotch™ magic tape (368 g).

TABLE SEVEN
PSA-33 PSA-34
Substantially linear ethylene/l-octene 17.4 percent 17.4 percent
interpolymer (density = 0.855 g/em®; 1, = 1
g/10 min)
HDPE 2455 (density = 0.955 g/em3, 1, = 25 | 7.5 percent
| 8/10 min)
Affinity™ SM 1300 (density = 0.902 7.5 percent
g/em3; 1, = 30 g/10 min)
Escorez” 1310LC (Exxon) 54.9 percent 54/9 percent
Kaydol™ (Witco) 20.7 20.7
Irganox” 1010 Antioxidant 0.25 0.25
| Viscosity at 350°F (177°C) (cPs) 42,000 24,650
Probe tack (g) 537 264

10

IIL Application Specific Adhesive Examples

The following examples were made using a sigma blade mixer or a vertical
upright mixer with standard hot melt blending techniques and tested in accordance
15 with the test methods described above. Unless indicated otherwise, the homogeneous
ethylene/a-olefin interpolymers utilized in the examples are depicted in the following
Table Eight. The presentation of the examples in this manner is a matter of
convenience and is in no way intended to be limiting. Adhesive examples targeted for
specific end-use applications also have utility for other applications.
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i ndex (lI[err]) of 25 g/10 mn. As

pressure sensitive adhesives nay be

prepared using a substantially | i near et hyl ene pol yner in conbination
with tackifier and a high density pol ymgﬁ-ﬂﬁé havi ng a | ower
nol ecul ar wei ght as indicated by .a nelt

set forth WW% sehsitive adhesiyves
exhi bit prph&UPRNEr  Ack v aPEBEaYO Ay b Melipdex Jpin m@’ used offomeAME
magi ¢ tape| (368 Q). g/10 min) (g/cm3) TABLE SEVEN
PSA- 33 SA- 234 SQubst ant i al }LiLn(-mr
et hyl ene/ | } ocEee 17 4%&%"3” 17.4 P8 cent 0865  jint erPrepyemer
(density =U Ealn0/ ¢N € l?ﬂﬁ’—T L 5 g0 07863) YIS
2455 (dens y_=-0 o35 nm::r r] LLe ] = Z 5 hercent Pmoj 10 m
AFfinity[efr]ERn13¢0 ( FX¥ROI$LP-039h+ 90h 120 0.885 Propylege
per cent Exxon 01 418, EXxporSLPDS37 1 0| M 1) 125 ESO0T CZ([ETT | BuieheLC
( Exxon) cent 54,0 pe cent Kavdol [ err
(W tco) Exxon D7 10 088, 7 Butene
Exact 5008
Exxon Exxpol SLP-0599 20 0.865 Butene
Exxon Exxpol SLP-0173 35 910 Hexene
[T Exxon Exxpol SLP-0728 35 900 Hexene
Exact 3031
Dow SM-1300 30 902 Octene
Dow SM-8400 30 .870 Octene
Dow EG-8150 0.5 370 Octene
Dow ~ EG-8200 5 370 Octene
Dow 'EG-8100 I 870 Octene
Dow SM1250 30 885 Octene
Dow DPF 1150-01 09 901 Octene
Dow *EIP 4 28 368 Octene
Dow EIPS 1 B58 Octene
Dow EIP 6 30 855 Octene
Dow EIP7 200 870 Octene
Dow EIPS 100 900 Octene
Dow EIP9 100 855 Octene
Dow EIP 10 ** 5000 cps 870 Octene
Dow EIP 11 *% 5000 cps 890 Octene
Dow LDPE 9598 60 920 Octene
EIP - Experimental Substantially Linear Ethylene/1-Octene Interpolymer; *In-reactor
5  mixture; ** Brookfield Viscosity (MI not measurable)

)
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| rganox[err] 1

Viscosity WOSHIRLr|F (177[err]C) (cPs)

Probe tack (g)
It1.
exanpl es were

010 Anti oxi dant

Application Specific Adhe

made using a si grrasg%bgde%nﬁxer or a

0.25 .
42, 000 "CT’U%Z,E'Z%‘@
537 264 10
1cnts The foll ow ng
ertical upri ght

m xer with standard hot nelt bl endt ng techni ques and tested i n accordance

15 with the{Tedétnamet hods descri bdesipion. Unl ess | ndi dcupplient her W se, the
honogeneous  [“Fack - M T Nter pol yners utlt14ed i rheexanptes
are depi cted Ha—the ﬂ!'Tﬁw—ng————W at--or—af—t-he
exanples int 1|Es<c°rr’r°rza 328 s a2 _nnatietl r_‘rmguaqi ence i3 xon S in No_way
intended to béEsomE40AEECRE s ve ¢h¥dipaepated dicyslapcatadiens, | Exxon specific
end- use appl i ¢ Bsdorrad528] so have uti | IC/A% livdrocarbdndilendppl i Cc {tExges.
59 WO 9T ERRE3520 Cs hydrocarbon Exxon
PCT/ US97/ 0416 Eastotac H-100 & - EJ&_E{J. G-
Suppl i er %g tian %eg ﬁd&gy lerr]l U hensity
(g/cnferr]) Sylvataci%830n Ex xqsivlest® P- 0380 Arizona? 0
0. 865 ‘ EXXpol  SLH- 0397 5
0. 865 napthenic of %
120 0.-8385 X0 nal SI P-Q8527
125 _901 But §nE200 napthenic of Penzoll
Kaydol white mineral oil Witco
o
Parapol 1300 1300 M, polybutene Exxon
Benzoflex 352 1,4 cyclohexane dimethanol Velsicol
| dibenzoate
Waxes
Victory® Amber Wax * 160°F Microwax Petrolite
Castorwax hydrogenated castor oil Caschem
Okerin® 236 TP parafin 155°F Astor Wax
Paraflint HA(*HMP Wax) 225°F Fischer Tropsch Moore & Munger
Besquare® 195 195°F Microwax Petrolite
Bareco PX-100 225°F Fischer Tropsch Bareco
Modifying Polymers |
Kraton® G-1657 13 percent styrene, 35 percent Shelt
diblock styrene-cthylene-
butylene-styrene block
_ copolymer
Elvax 260 28 percent vinyl acetate, 5 melt Dupont
index .
Elvax 150 33 percent vinyl acetate, 44 melt | Dupont
index
Elvax 410 18 percent viny] acetate, 500 melt | Dupont
index
*EnBA 35 percent BA, 320 melt
__ index
HL-2660 Polyamide H.B. Fuller Co.
HL-6088 Polyamide H.B. Fuller Co.
Petrothene NA 601 .903 g/cm’, 2000 melt index ow | Petrolite
density polyethylene
Epolene C-15 906 g/am’, 4200 melt index Eastman
polycthylene
Irganox 1010 hindered phenol antioxidant Ciba-Giegy

* Description rather than tradename indicated in the examples.
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Exxon Exxpol SLP-0592 10 0. 865

Butene  wo 9733921 Exact 5008 Exxon PETIREV04161
SLP- 0599 20 0. 865 But ene Exxon
Exxpol SLP-0173 3.5 . 910 Hexene
Exxon Exxpol SLP-0728 3.5 . 900
Hexene ct 3031 Dow SM 1300
30 E%%‘-iﬁ‘—‘mm—m—gﬁ&%ﬁ#e Dow SM 8400
30 874thes1ves of the inv&iid¥ Br us 09% ntru
0.5 emvoC ener e as N ven contruction adhégvé%ggﬁet
870 _ forth hﬁnmne’l'ables Nirisand Nine A. EG 8100
. 870 t ane SML250 30
885 5 % es 35-57 q%;gble Nine representsponwoyga gqnstruction adhesives (. 9
. 901 . . 28
968 useful gﬁ%ggssembly o%ous disposable articles E{J@édlsposable diapers, 1
. 858 sanitaryGiaBRins, surgicallf¥wns, and the line whereiffhBofly fluid impermeable 30
. 855 ' ot e‘ge i G : EIP 75y. 200
. 870 backsheetisdypically banggd to a nonwoven substrate pThe disposable article of thé 00
. 900 t .Do El P .9 . . 100
' 855 presen%‘vgﬁﬁon compnﬁg% least two layers whexgq,atfﬁast one of said layers is a

**5000CpSm bod: d i ble banfdriaft @t | i i
2000 P8 y&ﬁﬂl impermeable ggséone@?%xdsecdﬂdﬁa%maboq_y[gtgdgsgs

60 permgdiile cover; wherein atdusacme layer is attadhic# to athegst oneotitenlayer by the

Substantially Linear Eth Ien CQctene I nterpqlyngr, *Iln-reactor 5
mxture;, ** ¥¢ spmposiden,e &'91’(?%“‘:1‘81"3%&53&'5&& isposable article may also

g(c):T ./ USO7/ 04 1g¥tﬁmcontmn at least one layer or material selected form the group consisting of
absorbents, tissues, elastomeric materials, superabsorbent polymers, and combinations

15  thereof. The body fluid cover is typically a polyolefin film, such as polyethylene,
polypropylene, ethylene-vinyl acetate, and especially a homogeneous ethylene/a-
olefin interpolymer film, provided as a roll good. Alternatively, the barrier layer can
be made in-line by coating a thermoplastic composition to a carrier material such as a
nonwoven. In-line film forming is of particular interest for materials which are

20  unsuitable, due to tack, undesirable rheological properties, or any other constraint
which renders the material undesirable for making prefinished roll goods. Preferably,
in-line barriers are made using a noncontact slot coat application method described in
detail in H.B. Fuller’s copending PCT application, Application No. EP 96/00377 filed
January 30, 1996.

25 The majority of the adhesives examples are pressure sensitive in nature,
However, some of the examples, particularly those comprising Benzoflex 352 or
alternatively relatively high concentrations of the homogeneous ethylene/a-olefin
interpolymer, and the like, greater than about 40 weight percent of the homogeneous
ethylene/a-olefin interpolymer, are relatively tack-free upon cooling. Examples NW-

30 44 and NW-45 are substantially tack-free upon cooling and are intended for nonwoven
to nonwoven bonding. The bonds were made and evaluated in accordance with the
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Table Eight A Qther Ingredients Tr adenane
Descri pt i oWO 8733921 Suppl i er Tacki fyi ng Resi nECT/USSTRAIEY, . o,
2520 CJC. 9 hydrocarbon bl end Exxon Escorez

5400 (ECR 17 previousty ipbRAF Rt Sl eIARLARA. ThE KM Braion cobBRE0S

Escorez 2520 andres\ﬂungpeelmsut@med:orﬂwmwbmn Exxon
Eastotac H 100 drogenat ed err] East man

Eastotac H 130 Surprisingly, as i} i abfe djen; these adhesive comppsitionshave
| 11 A
o asti of zor s excellent spray propertids Wi ipfey Bnd strengths. eyen thoneh he $lsrfiif e

Penzoil 5 apphcatxon temperature is significantly hng&&%aﬂal@}ﬁi@dlfb@odk'dopolymer based
Penzoi | Kaydol white mneral oil

Wtco Paradhesivel Gfifiposition, such as HL-1280(F0B. R@l&ar),]apmddsu'y atandard nonwoven
Exxon Benzof | ex, 35 d| nmet hanol
Vel si col aﬁhesxve for bonding polyo}eﬁxuﬁ{v;% z@gg nonwgyen gonstruction

Victory[err] éééd{'f exem aﬁq& Eﬂ@ﬂﬁgg .
hydr ogenat ed cast or ol phf%:a(\i E&Lgs%( \o%grr v 866 Surmised to
par af m 155[ er rbjefsuitable for elastic attadlanent, fiéntal tape, d3awell hs multipatpgdsdModésven

225[ err] F Fi schei Tr opsch Moore & Munger Besquare[err] 195
195[ err] FNPcr Petrolite Bareco PX-100

225[ err] F Fi scher A I S,

Kraton[err] G 1 65 099 &Eﬂn films f&&éﬁgigxg ﬂ°%%g%%#%%h§'g”§g‘¥%’ﬁ“ m“’%ﬂmﬁsm
di bl ock st yr enReshitg idGRasingly popular due to their reduced stiffness and xmprovedtacnle
butyl ene-styrene bl ock

El vax 260 quality in comparison with cgayentional polyethylene films. ’ﬂmmﬁ'teswemﬁﬁnt
mggﬁt E \ia"%ésen{”o vention are expected to exlnbnt?’ Wﬁg@&’ tbon%?%et %tlmk 44 mel t

18 percentysvi gmpiisiigticnogeRLousaih l&&'&ﬂileﬁnmiergo ers.
y *EnBA 35°percent BA, 320 nelt

i ndex
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whi ch render swbr}ga erial undesirable for making prefinished roll goods
Pref erably, ine barriers are made using a noncontact sIECT/OS®#04161
in HB. Fuller's copending PCT

application net hod descri bed in det ai |
applicati-on, Application No. EP 96/00377 filed January 30, 1996. 25

The majority of the adhesives exanples are pressure sensitive in nature.
However, sone of the exanples, particularly those conprising Benzoflex 352
or alternatively relatively high concentrations of the honbgeneous

et hyl ene/ a-ol efin interpolyner, and the like, greater than about 40

wei ght percent of the honbgeneous ethyl ene/ a-olefin interpolymer, are
i Exampl es NW 30 44 and NWA45 are

rel.atively tack-frg +pon_coqling
substantially tack,frdep fugon |coof ifn d{are intended for nonwoven to
nonwoven bondi ng. |8%¢ pdnds Vefe el gng eval uated in accordance with the
62 - WO 97/ 339p8 8 “ wla [8
PCT/ US97/ 04161 g‘g pf qvioudl y |meA#i&Red " Fineline and Spray" test nethod.
The application cshtf§tf dn$ apd] rlegul ting peel results are recorded in
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WO 97/ 33921
PCT/ US97/ Oficpdrazezr WO 97/ 33921 PCT/US97/04161
PCT/ US97/ 04161 Thermal Stability Testing The pressure

sensitive adhesives of Exanples NW4 1 through NW45 were tested for
t her mal st abi IM@@E&QW set forth in the following Table El even.
As is exenplified I - i tﬁw ho € t he
present 5 i nvent %%é@%%ﬁ%?&}s@ﬁeaﬁhgsﬁg sy&f%sn%rﬁg’\t;‘lés v.%gg&é‘?’%ﬁg"gbﬁ‘%&?
relative to blgskd for therns0 ptabilitier The sexditadieast fopthciapofollowding Table Eleven.

Tabl e El even: Thermal Stability Testing (Brookfield viscosi t%/
at 300[err] F (Asipgemplified by skeésy thermal stability results, the adhesives of the present

200 hrs of - invensigg ckniiPibindouly imppoyEdViskoging Babliy sdW¥ Bp10d® " 5o

. - Zfbopogfmer based adhefilk cdipdsitions. NW 41 9950 9900
9825 10200 10350 10450 4.0 5.0 (HL-1617)
NW 42 2735 2540 2515 2650 2560 2750 -6.4 0.5
(25276' 3- 18 3) g;#l_egﬁem Thgeagﬁ S_Q%Eﬁii“gﬁnggé;éokﬁelc? %‘%)osig 9400
1 NW 44 2300 2320 2 38%900°F (2498 40 2385 6.1
3.7 10 Posi tioning Adhesive osiiloning adhesives are
typically presgure senkitivelin natjure and is Delta Delta
Viscosity | O 24hrs | 48hrs | 72hrs [ 96hrs {200 hrs | 96 200
HL 1280 2645 2425 2310 2065 1990 - =25 -
(HL-1624)
NW-41 9950 9900 9825 10200 10350 10450 { 4.0 5.0
(HL-1617)
NW-42 2735 2540 2515 2650 2560 2750 -6.4 0.5
(3576-3-
3) 9575 9550 9525 9475 9800 9400 23 -1.8
NW-43
(HL-1625)
NW-44 2300 2320 2130 2450 2440 2385 6.1 3.7
10

Positioning Adhesive
Positioning adhesives are typically pressure sensitive in nature and is

sandwiched between the garment facing surface of a feminine napkin and release
paper. Upon use the release paper is removed and the napkin is secured to an

15 undergarment by means of the positioning adhesive. The current state of the art with
respect to positioning adhesives can be found in U.S. Patent Nos. 4,136,699, 5,149,741
and 4,704,110. Pressure sensitive adhesives for use as positioning adhesives, as well as
representative performance attributes thereof, are set forth in the folowing Table

Twelve.
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sahdwi ched between the garnent facing surface of a fem nine napkin and :
rel ease woopse{. Upon use the rel ease paper is renoved angct/osomepéi n i s
secured to an 15 under garnment by neans of the positioning adhesive. The
current state of the art with respect to positioning adhesives can be
found in U S. Patent Nos. 4, 138able@welve] Positibhing Adhesiwgs 4, 704, 110. Pressure
sensitive adhesives for use as positioning adhesives, as well as
representative performance attributes thereof, are set forth in the

foll ow ng Tabl e TWET VE. 52 53 54
67 WO 97/ 33921 SLp-0592 250 200 20.0
PCT/ US97/ 04161 P05 250 TalgF et ve—Posg$Toniny
Adhesi ves Eastotac H-130 32 29.0 5350 %
SLP- 0592 IR — 200 — ALY
SLP- 0597 Wy ddi Ol 250 O 0 250 597550
Eastotac H 130 TfianoX 1010 10 490 10 1.0
ol | s 25 ¢ 25
I r)g;anox 1010 miﬁi&%l»:;z 3§§gT-(SL)J = L —£E)
Initial T-Peel t¢ Cotton (2 mil 478g (19) 406g (13) 216g (26)
(95 percent Confidence Intervals)
5

Additional PSA Applications
The adhesives of the invention may be utilized as adhesives for use in
industries other than nonwoven and personal care items. For instance, Examples 55 -
58 represent packaging PSA formulations for bonding rigid polyolefin containers
10 (lunch meat containers) and for bottle labeling applications. Examples 55-56
demonstrate the utility of employing block copolymers, particularly in smail
concentrations, in combination with the essential homogeneous ethylene/a-olefin
interpolymer.
Example 59 represents an example of a “foam in place™ gasket wherein the
15 compositions serves a multipurpose of bonding, sealing, and gasketing.

' Examples 60 and 61 represent rodent trap adhesives which are a substantial
cost savings relative to existing technology. Typically, block copolymer-based
adhesives for this application comprise from about 5 to about 20 percent by weight of
the block copolymer. The adhesive composition covers the bottom surface of a

20  container such as box and is subsequently baited to form a trap. Often an additive is
incorporated directly into the adhesive which attracts rodents and eliminates the need
for consumer-provided bait. The adhesive exhibits high tack and cohesive strength to
restrain the rodent.

The various additional PSA examples, and representative performance
25  attributes thereof, are set forth in the following Table Thirteen:



. Cotton (1 ml) 3659 (5) 298g (16) 172g (23)

Initial T-Pewd9i/ssozl Cotton (2 ml) 478g (19) PCT/USqUB4]61
(13) 2169 (26) (95 percent Confidence Intervals) 5
Addi tional PSA Applications The adhesives of the invention may
be utilized as adhesives for use in I ndustries other than nonwoven and
personal care items. For instance, Exanples 55 - 58 represent
packagi ng PSA f or mul ati~-eRs—i-otrbondi Ay Iru d p'\l VZa qfl n-cEnt.ainer
(lunch neat contai ner g)\,.anq 1ol bcttl p abel i ng anIi ati
55-56 denonst r at é“t’ﬁle uti|ity of felml qyi nf bljogdk|c
particularly in small ge;oHcentra | s, in?onbi nqt
essenti al honbgeneous %t&lyl enel a-qgleffn | pterjpql ym
Exanpl e 59 represents|af ejafp| e df al"foarhinfpldce"lg e he 15
conposi tions serves ajmurTipyrposy of [ OpTaimg, 1 Segh iy, REtToT
Exanpl es 60 and 61 repegsent |rpdenqt tfap adhes|veg vL/n cph frle a|shbptianti al
cost savings relative -t-%e)i b ng |t echabl ody. lRypifcdl Iy l&lqock
copol yner - based @sivﬁ forp th|¥| appl i cp2ign cnﬂpri-*'se f fom poyt 5
to about 20 percent bl wei ghtl pf t he {bl ofk dopofypefr.] The adhedsilve
conposition covers thg botdoin purfiacej of aj20 cdnai ngr] quch}ab bdx {and
i s subsequently d&aitefl to fofm a tirap tgn ah aqdift{ve | 9
i ncor por at ed di g’@o t hel adifesi ye| whifch httradt$ | dddnt s{ ahd
el imnates the % af gr{Zpnsyner} py ovijded) bai|g] Thigjaghes|vp fexhilbits
high tack and cef Qir ngth tq r¢strpin [Fhetr rt .
The vari ous addl li ona|T ABA|ekahpl ds, égrﬁtpresent atli Yej perff or francle 24
attributes ther e L8564 thiin fglloing Table ITHirt bl
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PCT/ USQ?/@'Z]}%%”921 Adhesi ve Fornul ati ons Corrprl si ng Honobgeneous

Ethyl ene/a-ol efin | nt er poI yners and EVA: The adhesives of
t he i nvent i onAdiasivie ol frising 8 Pes] 6

et hyl ene/ a-ol ef i n int erpol ynmer, one or nore et hyl ene vinyl acetat e 5

copol yners. IM@X& cular, given the conpatibility of honbgeneous

Conbi nati on_of po %%?dﬂ@‘ﬁ# Btk Tiehith by Ritter HCIERL KR BAGRIRA S0 SUCh 2
bookbi ndi ng méﬁ%ﬁahﬁ&w&ldlemﬁxﬁf?@l&menmmesm ylene v ass@tey f O

the hot melt adhesive to lose surface tack quickly after application to

i nsure that tdopolyuhers. Imp@eﬂmgw%@hﬁ@mMWMMmogmuknﬁmaoné«bbﬁn
this 10 conpatabil,it teg,the need 1o ad the set

accommmodat gp VaferpRlgmers ‘eﬁém’%sb éﬁmpﬂm @SW&?P%@%UH%M
mel t adhesi veg %%'ﬁf‘mstance %h&hg@aaifiﬁmgsbweﬁasm&ﬂa% Ge 133

wei ght percent Vi acetate content as representative
per f or mance aiecessanyt fos the ot et adhesive td lososurface tadkhymidkly hfiev applicatidreto

Fourt ;
ourteen insure that the adhesive does not build up on the trimmer knives. Also, this

10  compatability faciliates the need to adjust the set time to accommodate various
application equipment. Representative of such hot melt adhesive formulation
comprising EVA which has from 18 to 33 weight percent viny! acetate content, as well
as representative performance attributes thereof, are set forth in the following Table
Fourteen:
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ct ai mred adhesives will find particular utility in the graphic arts
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Viscosity at 100 g Peel Cold Crack Ambi ent Tensil e
350[ err]

R *
10, 000 g’?”{’@%’] 120[err]F (49[err] Q) [err] 48[:rr]F (4. f]ﬁ;ﬂ%“ferr]

80[err]F [err] 350 psi (2.4 MPa)

(27[err] C) BookbindiifadAdbesive§, 000 cps > 130[err]F (54[err]C)< 30[err]F
(-1[err]C > 100 err]FééS err C)> 500 psi_ (3.4 MPa) Excellent <
6,000 cps > 14 n pf adhesivies will find partioplar utilinoinshe praphitgirts 1 ] C)

i frerbnce’ aa%w%”iﬁ;mk%@ngﬁﬁﬁwgbﬁﬁ&?e fipr Tufgeh s Horfitn 2°

Repr esent at ifyjo Kiibl¢IFifideR e4EBe Achievad WithaRe agResivek bf thellfvémionance
attributes thereot are set forth in the followi ng Tabl es Si xteen A and B.

As exenpbified in Tables Sixteen A and B, for bookbinding applications it
Is 15 prefared to enploy a olefln I nt er pol yner
having a density of ~3 %A F . 3g hrope 'elatlvely | ow el t
i ndex, for exanple ranging fron110 to 20 g/IO mn., at concentrations
of 30 weight percent or |less. To reduce the viscosity of t he adhesive

conpositiof It 1S pViseasipil e 100 gfe@nd J CoRDDX NONAGBIELOUS iRNe’ a- ‘
rpolymes ing al nelt indexX ranging f lg J,OOto 2000 g/ 10 mn
i nati on{W the J ow nelt index honbge % et hyllene/ a- ol efin

olefin int

in 20 co

i nt er pol yng Usefuk <10,00cpn. 531290 (49°0Y |roOMH @.4tQ)af > &0Res| ves| Xi50 phia2.4 MPa)
prepared with this}low density hgnogeneous e&%ene/ a-jol efin
Interpol ymgr withowt sacrifilking heat riesistance M crlowaxes are

preferred &eed fof <BH8kensnd h@%ﬁ’ﬁ:atﬁ@ﬁs{:l‘ﬁhrt?&?ﬁdﬁ#ﬁ)gfs&wmlﬁ“m’a)
conmbi ned wi oY <l6Bob bisT S S 107 (80°6) [P - Fe) S| S 12 : 7y

hydr ogenat rosin 55’ eg%er terpene jresins sij(rzanated% rog&l terp)__
phenolics, and m xtures thereof

72 WO 97/.3392 . P 97/ 041
[err] * am%ient ranges is defined as the difference between g peel [ l%r "]
10  crack.

Representative bookbinding adhesives and representative performance
attributes thereof are set forth in the following Tables Sixteen A and B.
As exemplified in Tables Sixteen A and B, fm" bookbinding applications it is
15 preferred to employ a homogeneous ethylene/a-olefin interpolymer having a density
of 0.870 g/cm?® or less and a relatively low melt index, for example ranging from 10 to
20 g/10 min., at concentrations of 30 weight percent or less. To reduce the viscosity of
the adhesive composition it is preferable to blend a second homogeneous ethylene/a-
olefin interpolymer having a melt index ranging from 100 to 2000 g/10 min. in
20 combination with the low melt index homogeneous ethylene/a-olefin interpolymer. It
is a surprising result that adhesives can be prepared with this low density
homogeneous ethylene/a-olefin interpolymer without sacrificing heat resistance.
Microwaxes are preferred waxes for bookbinding applications, particularly when
combined with polar tackifiers such as rosin esters, rosin acids, hydrogenated rosin
25  esters, terpene resins, styrenated terpenes, terpene phenolics, and mixtures thereof.
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[err] WO 97/ 33921

PCT/ US97/ O4wolerazeni Packagi ng Adhesi ves The RQT/U8A7/04161
adhesives of the invention will find utility in a variety of 5 packaging
applications. Their success in such applications is attributable in part to
t he fact that by enpl oying the essential honbgeneous ethylene/a-olefin

I nt er pol yner, Tase d@ﬁ%n I\ o heat resistance (PAFT/SAFT) and cold
t enperature prmﬁ%ﬁﬂnw_ chi eved. The follow ng Tabl es Ei ghteen
A, B, and C report arhekdtehelt afhesivecsf the invention will @nd'paftitaldriitititg 86l cdsefand
vari ous packagi ng applications, as well as various 10 performance

attributes thercagpn seal adhesives. Representativasadhesives for casesndcartoy isealing, #nd B,
and C, for Igl 9 r}e egé‘n A n\}ier})%?fo%c%%@ﬂutes thereof, are set forth in the following Table

Seventeen. Table Seventeen illustrates the utility of blending small concentrations of
the homogeneous ethylene/c-olefin interpolymer with a second polyethylene, resulting
in improved cold temperature properties and heat resistance.
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[err] WO 97/ 33921 PCT/ US97/ 04161

[err] +  wW@9933938921 PCT/US97/04161
PCT/ US97/ 04161 Tabl e Ei ghteen C. Packani ng
Adhesi ves Ref erence # Ex. 100 Ex. 101 Ex. 102
Ex. 103 Ex. 104 0.870 g/cnjerr] Iferr] 37.3 29.9 39.9
500 g/ 10 mn** 0.873 g/cnferr];-IJerr] 35
35 = 2200 g/ 10 m n** Affinity[err] EG

5 5 Padkaping Adhe8B@sg/cnferr]3; I[err]

The hot melt adhesives of the invention will find utility in a variety of
5  packaging applications. Their success in such applications is attributable in part to the
fact that by employing the essential homogeneous ethylene/a-olefin interpolymer, a
good balance of heat resistance (PAFT/SAFT) and cold temperature properties can be
achieved. The following Tables Eighteen A, B, and C report a variety of adhesive
compositions intended for various packaging applications, as well as various
16 performance attributes thereof.

As illustrated in Tables Eighteen A, B, and C, for high performance packaging

applications, the homogeneous ethylene/a-olefin interpolymer employed will have a

density of 0.87 g/cm3 or less, and a melt index (I,) of about 500 g/10 min. or less, and
will be employed at concentrations of about 30 to 45 weight percent. Preferably, the

15 homogeneous ethylene/a-olefin interpolymer will be provided in combination with
from 25 to 45 weight percent of high melt point wax, and from 20 to 50 weight percent
of a high melt point resin. Example 101 demonstrates the compatability of the
homogeneous ethyiéne!alpha—oleﬁn interpolymer with EnBA. This combination is
surmized to be useful for further improving the low temperature adhesion and thermal

20  stability as well as improve the compatability with non-polar tackifying resins.
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20° | ngr edi ent 22-1 22-2

22- 3* 22-4 Ex, 115 :
116 WO 9TB2L 117 Ex. 118 Affinity[err] FCysyoasT
10 15 20 Kaydol G| 70
70 70 Table Eighteen C: Packz_aﬁ&g@ﬁﬂﬁﬁ%s al 90.9
87.5 82 13 77 8 Exudat i on? yes
yes Reference #) no * Denote$ | owest anount of
pol ymer tolachi eve a non} Exulling H Exd0l Ex. 102 VOER/16383921 Ex, 104
PCT/ US97/ 04 31 = | 37.3abl e Niaedeen geENds pr_Cot wtT=
I—|om)geneou5:¥)§70 /cmE:I,hyI en'tla/ 1- But enzegeg 3%9 nt er pol ynLer Havi ng} a
Density of - H-er ]’-2 and _a I[nrr] 10 g/10 m n
Ref er ence#| 0.873 g/emd; 51- 2 501- 3 33-1b* |45 2b
41- 3b = 2200rgftid ent Tf ade  Ex. [119 Ext 120 Ex. 121 Ex. 122
Ex. 123 min*424 Nansg SLP-05p2 15
20 VM RGP0 35 40 kaydol Ol
70 @:t_’ EG- 7o 70 . 70 {7 10
W_per cent 3 7.8 3 7D. 0 66. 7
63. 6 0890 gromdzh, i on? yes | 7.5 yels yes no
no =500 g/10 Table Nineteen H Blends pf G wth a
Honogeneou$ plih®ear Et hyllenePropyl gne I nt er pol yer a Havj ng
a Density mmﬁEﬁ] amt—gm—terr—jet—5—gt 19%4“ L o
Ref ernce # —ent Fradet—51-4 51-5 51-4 41-Wb
41-5b %‘8@ BOName (299  g@9925 |Ex. 126 | Ex. 127
Ex. 128 130-B9 130 SLP-|0394 15 20
25 Eagiotac 35 40 Kaydio2s O 1 29.7 70
70 HZD00-R 70 70 70 W - percent Gl
82.3 Bérece PX-100 |/3- / 70. 0 299 007 636
Paraflint H4 324 324 29.7
Paraffin 155 5 20
| Irganox 1010 03 0.3 0.3 0.3 -1 0.3
Visc. @350°F 793 cps 810 cps 961 cps 1056 cps 1386 cps
(177°C)
100g Peel 131(55.0) }130(544) | 138(58.9) | 119 (48.3) | 108 (42.2)
CF(°C))
500g Shear 198 (92.2) |203(95.0) | 200(93.3) | 199(92.8) | 146 (63.3)
CFCO)
Open T. (°C) 191 138
Set temp (°C) 124 117
Cloud Pt. 205 140
Bonding Test:
~40°F (-40°C) 87 percent | 50 percent | 78 percent | 68 percent | 84 percent
FT FT FT FT FT
O°F (-17°C) 81 53 80 67 67
percent FT | percent FT | percent FT { percent FT | percent FT
40°F (4.4°C) 88 73 88 93 7]
percent FT | percent FT | percent FT | percent FT | percent FT
70°F (21°C) 100 percent | 91 percent | 98 percent | 95 percent | 87
FT FT FT FT percent FT
102°F (38.9°C) |99 96 99 100 100
percent FT | percent FT | percent FT | percent FT | percent FT

Adhesion to hard to bond corrugated, conditioned for 48 hours
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Q-1 Exudation? yes yes yes no no

no . : *Wgﬁggfﬁ | onest anmount of polyner to achi eve a nonperTaisomodtel end
10 anpl es 105-130 of. Tabl es Ni neteen A-E denonstrate the

t remendous oil hol di ng power of honobgeneous ethyl ene/a-olefin

i nt er pol yner s, BlendsiofHomoégenéms Hthylone : te; aeny amhBila- ol ef i n

I nterpol yners having_a density of l.ess. t 0.880 g/c err]. .and nel t

i ndex - (I[err]) R Wlmg%ﬂl?fg's @mﬁ&sﬁgﬁw W@Fm@%i bi t
a gel-like char V\gﬁh 6 ke i &%Wg

adhesi ves, par t‘ﬁ%ﬁeﬁﬁ’gﬁ&h n gtg%?\vggnw t %eg%otl s%ﬁgcf%n orpﬁg%cﬂﬁs&
tacki fying resighi3 Jfd BnititiaE] of 36 BT ifh. BRIsDCTRPRloRhd 7 thdtdeALY
means of ot %%tln%, screZZn printing an%?sgprayl ng. oaf‘r?%%ﬁ(rl)‘% eA
adhesi ve t osal (Bset fdreh varivus biends of homogengousiéthylenslo vl efreirtérpolynterahadoil,
contenpl ated. These gel ati nous conposi tjions are _al so surm sed to have
great utility iandzepraseptatiye performange atteibutes tersoficat i ons. 20 Adhesi ves
Conpri si ng Honogeneous Ethylene/a-Aefin Interpolyners and Pol yam des

The adhesives of the invention may further conprise one or nore pol yam des.
Represent ati ve hoTableNinctedpcai Bisids ofDil with 8 Sab&ienedl I1daek Ethylene/1-Octene
ethyl ene/a-olefin interpglynern . ~Vo.-~,. T, dey _as W AS .
representative perf ApieIpolymer Having R LIENSILY ( L f -1-1 pf 30 U min
fol l owi ng bl es Twenty A and B.

CHI1(D§

82 i 392 |
PCT/ US97/ 04 33-.3Exanpl e54 131- 145 Cislg anspargdhye, Si Nosey,
phase adhes ®RSI0S Heaqpét r a CHPERt abifl g Yooof s 110
honbgeneous 1 ' FRYSLALS W? TS
formuati ons| yden frately h anpl es 133,
134, 135 an{gaaroETe TyggeTo T : SFEVET a2
hour's of he i Becll BAOTY BT TS 7R g 3
pol yam des B ERdafbR? | ¢ yes T OT 1 [Tyes yed CCOT ULy
t he pol yam des—Tamte—added—topoosSt— e per formance of “PSAS DYy
I ncreasing the heat resistance, creep resistances, and/or plasticizer
resi stance.
Table Nineteen B: Blends of Qi with a Substantially Linear Ethvlene/]-Qctene
erpolyme; ing a Densi o/cm3 and 2 2 g in.
15
Ingredient
33-12 33-13 T ] 33-14* 33-15
| S Ex. 111 Ex. 112 Ex. 113 Ex. 114
| Affinity™ SM-8400 | 25 30 35 40
 Kaydol Oil 70 70 70 70
Wi-percent Oil 737 70.0 66.7 63.6
Oil Exudation? yes yes no no
able Ni : Blends of Oil with a tially Linear E 1-Octene
Interpol: ing a Density of 0.868 g/cm3 and an I, of 0.5 ¢/10 min.
20
ingredient
22-1 222 22.3+ 224
Ex.jES Ex. 116 Ex. 117 Ex. 118
Affinity™ EG-8150 7 10 15 20
Kaydol Oil 70 70 70 70
We-percent Oil 90.9 §7.5 823 77.8
Qil Exudation? yes yes no no

* Denotes lowest amount of polymer to achieve a non-exuding blend
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Table Nineteen D; Blends of Qjl with a Homogeneous Linear Ethylene/1-Butene

Interpolymer Having a Density of 0.865 g/cm3 and an I, of 10 g/10 min,

Reference # 51-1 51-2 513 4]1-1b* 41-2b 41-3b
Ingredient Trade Ex. 119 Ex. 120 Ex. 121 Ex. 122 Ex. 123 Ex. 124
Name
SLP-0592 15 20 25 30 35 40
‘ Kaydol Oilﬁ_ 70 70 70 70 70 70
Wt-percent Oil 823 778 737 70.0 66.7 63.6
Qil Exudation? yes yes yes no no no
Table Nineteen E: Blends of Oil with a Homogeneous Linear Ethylene/Propylene
Interpolymer Having a Density of 0.865 g/em3 and ap I, of 5 ¢/10 min.
Reference #
" Ingredient Trade 514 5t-5 51-6 41-4b* 41-5b 4]1-6b
Name Ex. 125 Ex. 126 Ex. 127 Ex. 128 Ex. 129 Ex. 130
SLP-0394 15 20 25 30 35 40
| Kaydol Oil__ 70 70 70 70 70 70
Wie-percent Qil 823 77.8 73.7 70.0 66.7 63.6
Oil Exudation? yes yes yes no no no
* Denotes lowest amount of polymer to achieve a non-exuding blend
Examples 105-130 of Tables Nineteen A-E demonstrate the tremendous oil holding
power of homogeneous ethylene/a-olefin interpolymers, particularly for homogeneous
ethylene/o-olefin interpolymers having a density of less than 0.880 g/cm3 and a melt index
(I,) of 30 g/10 min. or less. These oil rich blends exhibit a gel-like character and would be
useful for skin attachment adhesives, particularly when combined with both solid and/or
liquid tackifying resins. Skin attachment adhesive may be applied to an article by means of
slot coating, screen printing and spraying. Foaming of the adhesive to alter the compliance
and adhesion properties is also contemplated. These gelatinous compositions are also
surmised to have great utility in a variety of non-adhesive applications.
Adhesives Comprisi mogeneous Ethylene/a-Olefin Interpolym: d Polyamides

The adhesives of the invention may further comprise one or more polyamides.
Representative hot melt adhesives comprising a homogeneous ethylene/a-olefin interpolymer
and a polyamide, as well as representative performance attributes thereof, are set forth in the
following Tables Twenty A and B.




83 WD 97/ 33921

PCT/ US97/ 0446 #7/33920\0 97/ 33921 PCT/ US9 A GHUEY7/04161
[err] WO 97/ 33921

PCT/ US97/ 04161 1

i%p_ BR [ : hesi ves of
the present i nvé‘ﬁfnlpclz)er? 1%&9“?%\%}11% e UBIE| | e Plﬁasle F'\‘sntlj A\ c-ognlgt‘?p"%ﬂ“’%§ondi ng.
The fol | odem@nstadting tHy\Eothpatibitityssfithe hombpeneons bgltha/u-olefif &f witiCh
formul ations, and r ei)r esentative peformance attributes thereof:

polyamides. All formuations yielded moderately high tack levels initially. Examples 133,

134, 135 and 136 were found to maintain moderate tack levels even after 72 hours of heat

5 history. It is unexpected that the high softening point polyamides do not detract from the
pressure sensitivity. Accordingly, the polyamides can be added to boost the performance of

PSAs by increasing the heat resistance, creep resistances, and/or plasticizer resistance.
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Tabl e Twenty One: Hot Melt Adhesives for

I nsul ati on Bondi ng

Ex. 144 Ex. 145 0.890 g/cnferr]; I{,
69.5 WOITBINY /10 i nx* 0.B90 g/cnferr]: ﬁerr 200
g/10 30.5 m n** Eastotac H 130R
30.0 44.5 Escorez 5400 Pol ybut ene
Merr] 1300 10.0 Benzof | ex 352
10.0 I rganox 1010 0.5 0.5
Visc. @350F (177[err] Q) 2680 cps 1975 cps SAFT
([err]E ([err]g)) igé (gg) igg (gg) PAFT
err err
I([ess 1ha§1[20 ]s)) Less..than 3 EA':A),Q_C 10 ( ?** Honpgeneous
et hyl ene/ 1- oct ghe intler pol yfmerd avai [able fro e Doy Cheni cal
Conpany Thegsbove exqanpl s hpve n drgvi dﬁg for the purpose
of exenplifica gher Lhap tim talion,One ﬁ#le “itn the art wll
apprecite that* he hof me adii@si yei_| —| of e i fégntji gnfnay be readily
adapted for va®ous plicgtions. Acgordinply,] tjhe Js] |Tvention shall be
determ ned in gkcordance With tthe $cope ofjt he flol | g@ing dI 4i ms:
86 WO 97/88921 - PCT/[U$9%¢ Q4161 1. A
hot nmelt adhes@e conprk“%iﬁ”g: I 1RIR] =2 3l (a) FrﬁnﬂS to 95 wei ght
percent of at ast ofreTmEerpyt y"f T T
b
s :
+ H o
T 4R ala 213 R(elElE|e
2 2l | g
= 4] aial 2| [2] S|alelsle
[ o4
< 2
<= S “Ls
2 &[] ale 2la| £|2/Z8|e
a gl | |g
Lot ]
% &S ale| 2| (2] 2|g|s[E|e
o 2|3
| ilo - 8%: s |s
- ]
haad Ozs s I
- S
& dl] 2 | =
g
¥ [ vy
- & o = :x': [y © S@)?f -]
g E E BlelEslEglzlze= S
2 12 |8 |35|E58|58|550 g
& §8§a°§§?§~s§&_s§&
E SIS 2|913|s 212 2| B1E Si8lE[3|3
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I s a honbgeneous ethylene/a -olefin interpolynmer characterized

as having ay@eRshdy from0.850 to 0.885 g/cnB; PCT/USSP4161
fromO to 95 wei ght percent of at |east one tackifier;
(c) from O to oot POTWET ghter cgnt at |1 east hstici zer; and
(d) fromO to 90 weigh WEe cent] of fat] | past {one wgx; wherein the sum
of conponents (hk), (c)}{ Bn d) dqonprfises|{5 te 95 wAi pr cent  of
sai d adhesi ve cqnposis] op. 2. A hot nglit adlg bnpri si ng:
(a) from5 to|9H wilceatl o8| Epask|one ymer  whi ch
i s a honpgeneoud<et h ;ﬂﬁn | eTiln SGREBDI yaer chi zed
as having a wei dht avef ape | ecyl ar wej gpt errg 5s t han
20, 000; @) fronk\ Of tp 95}wei ght nt of at | east
one tacki figer; ffom@® to aldout wei ght percent
of at | easgyone jplasi b romO to 90
wei ght pergent df at | wner eifn t he {sum jof§ conponents (b),
(c), and (@ conprises rgent }of aid pdhesi ve
conposi ti o 3. o es) vp cofposi tifor| clgpri si ng:
(a) a honogeneouss i ntel p p gr eadigg| & L 30
wei ght per&gnt aﬁdet,g hce base§ % t ot al
wei ght of & hyl dne akdl D ant a} ol’ef{i n coroto
having fro#3 tq 20 ca [ cppol ynmer hdgs fa
wei ght avemgpge npol ecul ffom 2000 tq 300, OpO;
and
87
N Jlotnlel w g‘g“ﬁ) = lele g
: fﬁ. NN v— :Eh -} :g sl -g
g
- & - = 5 = §
g i e < o oh Q10
g ﬁ o R < -— § E:E _a* :g’ht: = 'g
B
o\ [
3 LR zlEE 3 Elalsle
=
- =S¥ 58 |3 315 313 §ls
B . 3BRRIIS IS8 8l 5|8
3 3(als 5[ Blals|E £lc 2 B{ls|
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WD"97/ 33921 4. A hot nelt adhesive conpri sing:

(a) fronW&) / wei ght percent of at |east one first pol ygpeg

which is an |?1i[{£e5r9?)lol ynmer of ethylene and at one (Jerr]-Clerr] TUS97/04161
a-olefin, said at |east one first polynmer being

characterized as having: (1) a density of from
0.850 to 0.885 g/cnferr], . (ii1) a nunber average
nol ecul ar wei ght as determ ned by gel
perneation chr o r@%in of | ess than

20, 000; f&%&'—o—g(b) from3 to 70 wei ght percent of at |east
one second The adhesives of the preseft iﬁ%ﬁioﬂ*ﬁxﬁﬁﬂ&ﬁ%eﬁ?ﬂiﬁ{y%?nsulaﬁon
honmopol yner or an I nterpol yner of efhylene wth at
| east (] er 8] - Gfondirig. &Fhel following Table Twenty-One sets forth represeritativetexampids ¢f3ach
second pol yner_ bei characteri zed as ) havi ng:

() a densi tyrBpiapRt A0 Spsescatal vepertopmanpe pfributes thoreof:

(i) a nunber average nol ecul ar wei ght as determ ned
by gel perneation chronmatography, of |ess t.han

6, 000; and able Twe ne: Hot AldhesiGesfor al iaf one or
nore tackifiers. 5. The adhesive of any of the preceding clains ,
wherein said adhesive is characteri zed as having a storage nodulus (G
at 25[err] C of |esg e Qi e R-eheBemHa S S
transition tenperatjure ranging from - 64 of
Claim5 wherein th S LR S___T%#on[ Fgey At UT e T amngE ‘
30[err]C 7. _'P‘I agﬁ’é‘s? e any t he precedijpg cl ai ns, whereijn the
at | east one C3-C2( g/wm'in‘d efin is seljected fromthel group consisting of
propyl ene, isobutyliene, 1-butene, 1- _pentene, 1-hefxene, 1-heptene,
4-met hyl -1 - pent enq,o,§9g/kmB51,2%00 g/10 30.5

min**

| Eastotac H-130R 300 44.5

Escorez 5400

Polybutene M,, 1300 ' 10.0

Benzoflex 352 . 10.0

Irganox 1010 0.5 . 0.5

Visc. @ 350°F (177°C) 2680 cps 1975 cps

| SAFT (°F (°C)) 182 (83) 166 (74)
PAFT (°F (°C)) 126 (52) 132 (56)
Opentime less than 20 sec. Less than 30-45 sec.
10

> Homogeneous ethylene/1-octene interpolymers available from The Dow
Chemical Company

The above examples have been provided for the purpose of exemplification,
15  rather than limitation. One skilled in the art will appreciate that the hot melt adhesives
of the invention may be readily adapted for various applications. Accordingly, the

invention shall be determined in accordance with the scope of the following claims:
86



8.- The adhesi ve of any of the precedi ng m :“H ﬂll‘zl”me at | east one
i nt er pol ymewdmmldenm ty of 0.870 g/cnie WETX/VSIHA161
PCT/ US97/ 04161 ) The adhesive of any of the precedl ng cl ai ns,

wherein the at | east one m;erpolyrrer has a nmelt index which is from
0.05 to 30 g/l @ ni nA hot mel adhestvecominisingse of any of the preceding clains,

wherein the one or nore tgekif r eat,er
than 5 wei ght percent, @fmhe#%flfls ttoh9e5vg% wégggﬁaupm i @@&Bh émlflf er
ranges from bei ng flowabl e at isathofitigehevii etipldtefn-bRfintifteipolvikrétakacterized-

11. The adhesive of any of the preceding clains, wherein the one or nore
pl asticizers are provided in o havingy dénsitpfrioRo0. BS@&@D&Q%&Q’MI ght
percent, and is (a) a phthal ate, natural oil parafl nic oil,

napht henic oil, aromatic (&}, fsem OtoS\SHyexghtpgr@y\t;p henettagkifiern ol

di benzoat e conmpound, or The
adhesi ve of any of the pr edl%ﬂnéﬁg%m%gﬁ flép%ﬁeéltgf%ﬁpngnésumw
homogeneous et hyl ene/ a- ol@}i N frékh © BYOWIESh C[%r&h%ﬁﬁq&’stgﬁéjwﬁﬁ having a

conposi tional distribution breadth index of at |east 50 percent

13. The adhesvherein theawum of camponentsd(b)i(c)gand @)namphsestm%cwmgbt peroentaf
second hono Sﬁ s et hyl ene/ a-ol efin interpolynmer wherein: (a)
t he nunber aveﬁgé nght of the first and second interpolyners

differs by at heast gﬂ(}n ivelto sﬁ%erelnthe melt index of the first
i nterpolymer is" Iessét 8%8 /110 mﬂ the melt index of the second
interpolymer is greater t(apn JMn@/tb@Srweighttperoento(n)eastmneérﬁomrfvﬂﬁdi
and second interpolyners differ |n denS|tyFBy at | east 0.005

g/cnerr]. 14. The adhed$ #AOBIOREREAUS iptgrpolymenscharagterized
conprising a second honog { I e ey ein
the nelt index of the first %% f’p‘g%(‘? é@é%z}ka&%@ﬂglﬁsﬁﬁmand

the nelt index of the second 29,6000l yner |s greater than 500 g/10 mn.
15. The adhesive of any of the preceding clains, wherein the adhesive

further conprises a rib}i f irerg Ogp 9Suwed M%é@twm@d from
e o S At s
(d from 0 to 90 weight percent of at least one wax;
wherein the sum of components (b), (c), and (d) comprises 5 to 95 weight percent of
said adhesive composition. )
3. A hot melt adhesive composition comprising:

(a) ahomogeneous interpolymer of ethylene and greater than 30
weight percent as determined by mass balance, based on the total
weight of ethylene and comonomer, of an a-olefin comonomer
having from 3 to 20 carbon atoms, which copolymer has a
weight average molecular weight (My,) of from 2000 to 100,000;

and

(b) . atackifier.



89" WO 97/33921 16.  The adhes”mmmﬂn Il wherein the
nmodi fyi ng o ¢eseidi ng conposition is e PrIAS97/04161
consi sting of ethylene/acrylic acid, ethyl éne/ net hyﬁ acryl ate,

et hyl ene/i sobutyl acrylate, ethylene/n-butyl acrylate, ethylene/nethyl

nethacrylate 4. coR@byfRitadRésivdéonptistsg:t her eof . 17. An article
conprising a tape or a label conprising a backing |ayer coated with t he

adhesi ve conposition of e ec The _adhesi ve of any
of the preceding cl ai rrséa&h ﬁ%ﬁﬁ'ﬁ%f%‘ i pegesat %@‘éﬁ%ﬁﬁcne first palymes wei ght
percent of the honogeneous ethéﬁ&mmr@p ar of ethiylsng and abone C3-Cogher ei n
the interpolyner is character of, .rom 0. 850 to

0. 965 g/cnjerr]. &%q%ug%ggﬁa\ég#\gte&ggﬁéﬂ#ﬁ% rein the
density of the int erpolyrrer |ehmzleﬁaﬁhavmg 0.860 g/cnferr] and the nelt
index (I[err]) is less than 30 gm 10 m n. 20. A nonwoven article

conprising a body fluid i rrpergyabl £ dbrivity |(gtﬁolapo(§gddpy8§5 g,cf,mot el t

adhesi ve conposition of any of the precedl ng cl ai ns. The nonwoven

article of Caim20, wherein adhesive ¢
honogeneous et hyl ene/ a- ol ef i n {Jﬁt e?ﬁm °ﬁ‘£‘} ‘a Eﬁ‘y‘srdﬁwdf rom

0.865 to 0.890 g/cnferr] and hygdlpemeaimnd}témntbkﬂapmofﬂezis&lﬁp g/ 10
mn or |ess. 22. The nonwov egq icle of Claim?20 or 21, wherein:
(a) the one or nore tackifiers arée priovided in an ambunt of from20 to 60
wei ght percent and (b the one_ or nore plasticizers are provided
in an anount totaling | é® t 0 weigh fgmrcqyépgemastones@snd The
nonwoven article of any of Cpd} egm,smg& lei\ehbﬂnoﬂb et&Er is a
cycl ohexane di met hanol di benz&@go g n article
of any of Cains 21-22, further r| SI ﬁg”‘&“%‘é‘%‘g‘né‘m ﬁ'déﬁg%ﬁié
et hyl ene/ a- ol efi n i nt er pol ynethe atleastoins sbdmdfpol)&herlbﬁnyﬂww% a

having:

(i  adensity of from 0.910 to 0.970 g/cm3,

(ii) anumber average molecular weight as determined
by gel permeation chromatography, of less than
6,000; and

{(c)  from 0 to 70 weight percent of one or more tackifiers.

5. The adhesive of any of the preceding claims , wherein said adhesive is

characterized as baving a storage modulus {(G") at 25°C of less than 1 x 107 dynes/cm2
(1 MPa) and a glass transition temperature ranging from -65 to 30°C.

6. The adhesive of Claim 5 wherein the glass transition temperature ranges from 0
to 30°C.

7. The adhesive of any of the preceding claims, wherein the at least one C3-Cop
o-olefin is selected from the group consisting of propylene, isobutylene, 1-butene, 1-
pentene, 1-hexene, 1-heptene, 4-methyl-1-pentene, and 1-octene.

8. The adhesive of any of the preceding claims, where the at least one
interpolymer has a density of 0.870 g/cm’ or less.



S vttt 0 AN ™
have a nelt index of greater t han 1000g/"10 m h. S 25. The nonwoven

article of Caim?24 wherein the adhesive is applied by spr ayi ng or
extrusion coatithg. The adhesive of any of the preceding claims, wherein the at lcﬁﬁt one WO

[?(7){ iﬁgrzllzat i on Bfe&%lggwfgfs 'bP’&}}a‘P‘??%‘gWPWB l%ﬁﬂ’@sqc@iﬁo?qgé%@%‘ t he pr ecedf\ng
Ol aims comprsings,  The adhesive oFany of B2 rbcin el ARHE! RALERONE oY F Rord BicfHers

|l east one (Jerr]-Clerr] er
pol yneri zation aropdm\ndeﬁ\man amdune greates ¢heneS weight percent, and whereinGthe 8oftening
constrai ned geonetr ata t co Sit | east one

reactor, to prRfiE g’ ‘)ggg ﬂBW?ﬁﬁlat ambient tempgrature to about 130°
|nterpol ymer ofgethyl ene and the at least one Clerr]-Cerr] a-olefin,

the at | east one first polyner being characterized as having:

(i) a densitylhf fThendhesive dfanpofiie pyécedingroldims, Wheremtheoneormore (iii)
a nunber average npol ecul ar weight as determned by ge

per meat i on chr di@stisigesparg proyid ﬂmﬂ@al&mbmwwmghtpemm,andm

?nl\/[derr] IMerr])@r 1 ARt afordfoil e Raphihetic of, sorBatic ol or
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13.  The adhesive of any of the preceding claims, further comprising a second
homogeneous ethylene/ct-olefin interpolymer wherein:

(@ the number averagé molecular weight of the first and second interpolymers
differs by at least 5000 or

®) wherein the melt index of the first interpolymer is less than 30 g/10 min. and
the melt index of the second interpolymer is greater than 100 g/10 min. or

(©) wherein the first and second interpolymers differ in density by at least 0.005
g/em3.

14.  The adhesive of any of the preceding claims, further comprising a second
homogeneous ethylene/a-olefin interpolymer wherein the melt index of the first
interpolymer is less than 100 g/10 min. and the melt index of the second interpolymer
is greater than 500 g/10 min.

15.  The adhesive of any of the preceding claims, wherein the adhesive further
comprises a modifying or extending composition selected from the group consisting of
wax, styrenic block copolymers, polyamides, interpolymers or ionomers of ethylene
and mixtures thereof.
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e. optional | y17.nt r Avaticlg compsising faitape ormat labéllvempeisinigarbacking!leyer c8ited With
reactor of st or at apy pajnt subgequenpt to the reacting of step
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any of cl ai msgl- ive: 'pmg-&ﬁ' C tray of claim?27
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book ein the fnterpalymes i chmacteriged ap having ja density offfeom MBS0 to®.965 any
of clains 1- 3 19.

g/cm’.

19.  The adhesive of claim 26 wherein the density of the interpolymer is less than

0.860 g/cm3 and the melt index (1) is less than 30 gm/10 min.
20. A nonwoven article comprising a body fluid impermeable barrier bonded bya

hot melt adhesive composition of any of the preceding claims.

21.  The nonwoven article of Claim 20, wherein the adhesive comprises a single
homogeneous ethylene/a-olefin interpolymer having a density ranging from 0.865 to
0.890 g/cm3 and a melt index (I,) which is 30 g/10 min or less.

22.  The nonwoven article of Claim 20 or 21, wherein:

(@) the one or more tackifiers are provided in an amount of from 20 to 60 weight

percent and
(b)  the one or more plasticizers are provided in an amount totaling less than 30
weight percent.

23.  The nonwoven article of any of Claims 21-22, wherein the plasticizer is a
cyclohexane dimethanol dibenzoate compound.

24.  The nonwoven article of any of Claims 21-22, further comprising a second
homogeneous ethylene/o-olefin interpolymer, wherein the first interpolymer has a
density of less than 0.875 gm/cm3 and the second has a density of 0.890 g/cm3 or
greater and wheréin the first and second interpolymers have a melt index of greater
than 1000g/10 min,

25.  The nonwoven article of Claim 24 wherein the adhesive is applied by spraying
or extrusion coating.
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26. A polymerization process for preparing the adhesive of any of the preceding
Claims comprising:

a.

reacting by contacting ethylene and at least one C3-Cqq a-
olefins under solution polymerization conditions, in the presence
of a constrained geometry catalyst composition, in at least one

reactor, to produce a solution of a first polymer which is an
interpolymer of ethylene and the at least one C3-Cog a-olefin,

the at least one first polymer being characterized as having:
(i)  adensity of from 0.850 to 0.920 g/cm3,

(iii) anumber average molecular weight as determined by gel
permeation chromatography, of from 5,000 to 80,000;
and

(iv) amolecular weight distribution (M,/M,) of from 1.5 to
2.5;

reacting by contacting ethylene and, optionally, at least one
second C3-Coq a-olefin, under solution polymerization
conditions, in the presence of a constrained geometry catalyst
composition or a heterogeneous catalyst composition, in at least
one other reactor, to produce a solution of at least one second
polymer, which is an ethylene homopolymer or an interpolymer
of ethylene with the at least one second C3-Cpq a-olefin, the at

least one second polymer being characterized as having:
(@  adensity of from 0.910 to 0.970 g/cm3,

(i) anumber average molecular weight as determined by gel
permeation chromatography, of less than 6,000, and

(iii) amolecular weight distribution (M,/M,) of from 1.5 to
2.5;

combining the solution of the first reactor with the solution of the
second reactor to form a solution of a blend;

removing the solvent from the solution of a blend of step (¢) and
recovering the blend; and
91



A 0 N

WO 97733921 PCT/US37/04161
e. optionally introducing a tackifier into the reactor of step (a), the
reactor of step (b), or at any point subsequent to the reacting of step

@®).

27. A case, carton or tray bonded with the hot melt adhesive of any of claims 1-
1 9.

28. The case, carton or tray of claim 27 wherein the least one homogeneous
ethylene/a-olefin interpolymer of the adhesive composition has a melt index
of 500 g/10 min. or less.

29. A book comprising a multiplicity of separate sheets stacked to form a book
block adhered along one edge by a film of the adhesive of any of claims 1-
19.
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(54) Tile: ADHESIVES COMPRISING OLEFIN POLYMERS
(57) Abstract

_Disclosed are adhesives and processes for preparing the same, comprising at least onc first homogeneous ethylene/ar-olefin
interpolymer, and optionally at least one tackifier, and optionally at least one plasticizer. The claimed adhesives are useful as adhesives |-

such as are em;

in various applications, such as in 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, the joining of
gaskets to automobile windows, packaging, bookbinding, construction of nonwoven articles, and insulation bonding.




