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Adhesi ves The subject invention pertains to hot nelt
adhesives. In particular, the subjBaiMénXaRsiven pertains to hot nelt
adhesives conprising at |east one first ethylene polyner, and optionally at
| east oneTN&Esubredhedntibmpdtialnis € hot h&ltraalﬁetsiveyllﬁlbamt:\h'lhxsthbﬁmfﬂt iventical at es
to low viscosity hot adhesi ves r| Si n | east on
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enbodi rfent @mptrhmglahk?mw&/%)mﬁ%“w lineaipresybsiaatallydinegrdnigrpelymseiokathylene with at
applicatio flyre S
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form ng aplesstbat 3.Bnkn prefetrédeempd ivzeytsnic MYd!usfF hgt mely @d}e-‘m\res mam:bedpnisd ait 10
dual reactaor process f | f Al so
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cardboar d fd caapesealney; 8nd ﬁstraf}eﬂdmnag apmeatioasuﬂthapuckmcgléa@sﬁg Aol didcBed is a

conpri sing cardboard or per boar.d hav een a d by, such _hot nelt
ahbsi Vs duial teactorprosess foF A reraPton Gl bl el et ARGAGIIPoAT REsfered O

packagi Ng B Wdckives 1OF the YelHiRF chraBdak PSSapEbuns @s #Bllas the resul@af fatkhg iR akddlg,
tray formng and box form ng. The substrates to be bonded include virgin

and’ r ecycl euhprising cridheard OWaQﬁb‘éﬁﬁﬂWP%hMF't 3hgred by such hptypdtadiesived vari ous
types of treated ang; sMelicd akd Rbd whRE in the packaing RAAHA: fo&qeﬂ)w&ﬁlon@&s@agﬁna
are al so used for packagi ng applications such as for "the packaging o
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mat er i (EJ\ S ‘é’ﬁféﬂﬂ%@"@g{’ 8%&1 t?glr‘?g Chngﬂoammb 'i?B? é/stdgﬁrrgatle@md%stgdjf;;@iaﬁdyl i dene
chl ori de, etiptoheinconipaysite rmxertawaee dsrdusaafqrcpmagmmmphtgzpessugﬁ as fiot tirg packaging of
Addi ti onal | .hese 20 film materl e .
chi pboar d ﬁ¥dhgﬁ1&$?v'era$ﬁse 'l:‘hg% Cé)ﬁ@ﬁ%l e g}]ag d‘la r%agthch&é cgigboard Pmmaged ogn ale¥n?xm foil
represent ahickidTausdriiansindtedsto, f‘lannmrmtssn&rui@u&emmnewlmfpowmweaﬁ es
especially conpasite X terials, find uti ackagi n

haust ry. PRy Tene chlordeysbiag i tretais 80 VRS Bl b e ASRRIaP frese
extrudgg i finbmadrifioald By 6e Bordbdaitdcay & dhiibbard or kraft. PhedforRmpitithedsubgabds byuap
extrusion equi prrent. Hot nelt applicatiqn equi g&i‘é’gl S avai l ble from25

sever al suwpms(émescweah%&%&s aphtrenepdpusygr faffacquec % Gpmposite

appl i cat or §, QL8 AR T phckaging industd for appl yl ng hot el t adhesnves
but are used |ess frequently than extrusion equip

nelts are requi HotimelbadhasivesSor ﬁaF’Eﬁgé\Starea@HE%‘i'W"ﬂJéeds'ﬂ ngdrfa%%m? B Sybstrate 95'%I d
the pac kagg‘étaﬁ pump %)P?el% Pﬁ-ﬁ emgoh t. Cﬁ&?ﬁelt HPEEaHSCERipHent R bvaBbIE from

adhesi ves for tear onds, neani ng subst anti al | y al |
the fitger menabmppbds incloding h@rdsqbéTWaané Stentserback h & heeltapplicatorsage Hsqgommenly

echiosve 3R PRSP RSP 06y MR orati ey Rcbop oo |-

applied at t errperoamaltme mhu&e?ia{n ba\re]sﬁff'mrenmdémwrto sublstratesi tn fimelyhekl théypackgsen
time of the ve and t f S n
into the Sﬁ)l%gtlh? ?rédain a) ¥I cgses. € end us rs ol% ﬁ?t nbe(?%a\éhessgl(g? |leE]|¥u'e fo i tf Qgrttéa?mﬁggﬁ r{‘xgatrht]g
adhesi ve Cal‘bsﬂcaﬁﬂimyallbmdflﬁibe? i} rérheves lﬁbst thasubstrate along the cntlre length of theladhesion t o

bond| ng requirements mers ar r f nce in,ot |
S SPRUGBIPnEheD i RN SPAEA T 1 e G e AT eGP 8Bt 1 e ERnG Oppid o
t he Pr oduCtnehé hded B®be £plikeat tdmibetddstes of 175°(nirtgeeateatTm inbrejeothe BE@GinEGTaRAT €

to high teng)eratures wi || not produce char, skin or gel, and wil|l not
- - hesive and lowers the viscosity for better penetration into the substrate. 'Open time refers to the

amount of time that the adhesive can form a bond to the substrate.
In addition to bonding requirements, customers are demanding higher performance in other
35  areas, such as thermal stability. Good thermal stability means that the product will not darken in the

"glue pot with prolonged exposure to high temperatures, will not produce char, skin or gel. and will not
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H gh appl M¥BH0t enperat ures, along with exposure gp%%%{zﬂ%%:n
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|t a5, S A1 R I e PR ,ﬁuék%a% e AL
1010 ando bRYSen, euniimdnease the [degratiatieniof the hot nphiedisives. dliis pyotilcta s mosp cmlmoldyi by

Ci ba- Gei reduce
char . sidtvinsBpdhs i oL Repsd i s 360 Q10suR 0 e e el
| ower t hgherglfel dnciaskidants ;iremnedagmtbe-a&fgyi loeatdddh Hawth‘orrapkh‘em ve. In addition to

|rrprOV|ngtherma stabilit thea | i cation tenperature
al so 5reduces PR ?'W'Bfadgé\f@?r Sﬁﬁrgﬁ@\?’?)a“ﬁgt IP'Ea pRndRERtY chatiges, Is to
oper at or |gwef€ ﬁﬁﬂﬁ%n&&ﬁ,l:am ¥ th@ﬁmoﬁhﬁﬁidhbéwet Yn 4REHINIE BngroviReherntdl Srability,
adhesi ves which can resu I n energ cost savi ngs, decreases

mai nt e na!ﬁ‘der ingrbe appligptipniterpprsdiyreplse ‘%QH’\"EFG the risk oberyere burgata hot pisit ﬁﬂq‘l’fé%m comi ng
10 fropethss, adféa%a%tem% ambift %Fé\@étﬂ&tytrpcﬁnl@ﬁ](?fheﬁ’ﬂgc BB %m,regn lﬂmnte'aﬁ
adheswe I's particularly appeal edgﬂl to custoners, and e enp 8§/ees
V\/no wor keostsapings tdecresks mmnﬁganhmosmmd rechiesdhe asougipfgdors due ‘OrV@gluleaporbmsl S.

It ad r I f r] C. For
the BFor SHEAE wghEhe2" BelrkBlo i PR S Bl BERERELMCES; el Ekfly |
adhesi ve@pedlmgeasrpstcmwnsr, esd tofthd @gsoytekmmwsﬁkmml}r@ utdizthghoerhelt adiiesives®n a from
135[err]C to 150[err ]C. Hot nelt adhesives intended for application

t enper at'd rgpuar 95’? 1 ess than 155[err]C, based on pol yners such as

et hyl ene n- buHyt ma€idhesive, armhydis/rn@plwdmytemaemwsefmﬁd ﬁmhyeﬁfbr;eheﬁﬁqneare
known. Such adhesives ene | ower nel ti

S s TERORIALS A vable Py ot el ABhessad ieprash bof Gt Losk Erad B TSRIGY ¢ ant

physjscal frehan set @riiseda. OSotdlelttadRespdhmenial fSLKbbllﬁSorh&&Iperatures of Fe8Sthad assee
Lower application tenperatures can al so reduce the open tinme resulting in

| ess penkaspden ealyDers suchizs gthylsee nshipixhacaflats ethixlgng vyl éFeé?t'é 2 BT B 1 ity

of the hgl,WielshciReihgsiesqnerally employ lowermeltlﬂ@olﬁﬁdm&dﬂzﬂﬂu\éﬁﬁsdﬁﬂ@f%hglr@snﬁshe
art generally conprise three conponents; poly a tackifier, and

a wax. Eq@rwmwbwémd mnceﬁwﬁlpgréanaplms@H&hﬁﬁctf%cs&f thepdpesbsFBEAS Y, t hat
i s, the polyper G4 peh WA (ijéfxlftﬁ VEssShSlARES
The poly R&S%% L%%P%Jﬁ%gét?%pg%g%ﬁfga?o%a h(]a5| Se e ] lT%e ts:i(%klfler
provmjesmtcaﬂbksumtrath@arddhmsfpveowﬁ kandaislity 0§@Fb@‘§“?’tﬁd§%§¢‘(§ﬁe the items to be
bonded whil e the adhesive sets, and reduces the viscosity of the

syst em maki ngHohwmel adhesivesknews incthe ard 2asiaily CTBPriSE Ehrea AOEIPPARNE: 2 PREMERxX

shor t ens, 1 RRfieP8Rd £ EEach comp&nbﬁfﬁﬁay%ﬁpﬁ%&ﬂ@ﬂ of hﬂ) dtlnSdi'@Sdrﬁpbnafts thee
system Certain hot nelt adhesives urt her conprise

oi | to ridiieBOYRET SAROBEN RAY GPMPFE @ yeé‘f’ 8Fr’iw°l-‘£5‘?erﬁ’e Lpplymgited P?/%OI)"Bas ed on
previ ousbmvusedrqngtlhymeadlnamh torel. dihbyackifier provigds task ¢t tht edleoipoiviiskr s ( EVA),

atacg] c 30 Tves {6 Qecxg ‘[O#'ﬁ?ﬂg b§ @tErPde whﬁé’\{h?%ﬁé&é’ SeROArMQLMéSQH@VlgdﬂQ%f’th@nd

hono§enedus |1 near efin copolyners. Prior abrt hot nelt
adhesi vesystegpingking hea swye@rqréﬁ@elwemsgbsaﬁtet 545 sprigns the open/closey ce t he

vi scosi t ymgf aﬁdhedlfcxssmemsmwy BVBE Syswki. CerRindbl mel: zithsnfo@&hdvﬁx @R drcati on to
t he substrate,

Vi SCOS es less t 5000 centi poi se
(50 gr ambI{RerEEishal jo ’%fl\ﬂf\ﬁé}V Vﬂscost"Pfé’f%éymm n? a?léé FE Y rds3 "hoses
di sadvanprgpasly ased pbidrs tladdawndere vinyt mtaewoonYmers:(ﬁ\r@naa@qw prent, 35

ar e g@' 0 B0 ARy 1AL @Aﬂpgrvi&gﬁe,rsﬁyyayﬁ@]éd YD), RRAGHREGH 61 fR o 1ch e

| ndu antage | ting good
adhesi on oteﬁnbgmdiymers Pnowaleqéaﬂeaﬁéhqawewwéﬂlmm@mbam 'e‘ﬂﬁ)ﬁPéH’c%l FdSi ves

exhi bit gk heWistEHPeF fik UyLenffdh@RisGéhich enabled its facile application to the substrate,
"2 e.g., to viscosities less than about 5000 centipoise (50 grams/(cm-second)). However, the use
of such tackifiers poses disadvantages, as tackifiers have the tendency to corrode equipment,

35  are malodorous, and impede recyclability of paperboard bearing them.

Industry would find advantage in hot melt adhesives exhibiting good adhesion to both

coated and uncoated paperboard, which adhesives exhibit good low temperature adhesion
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(SAFT). Industry would find particular advantage in hot nelt

adhesi ves Whideds h@hh;h&ir hdifesioh fAlRREM pérREres BSKET) aﬁﬂuimw&hd ﬂmd Pl Gl

mnimze thed use eo httacé\l | bi él l 5,041,482 to
O nst een et*3FT 458" %‘1&55[“""26“ nichgahibis such praps ‘eﬁlaﬂg' aé?‘f’&% lygvhicly ghesi ves
for use in minimizgtirexse btackifigrs.be applied at application tenperatures in the
range of 82[err]Cto |38[err]C, and preferably less than 121[err]C.

O nsteen di scl osgss, @hdib &9)6 10 Yd OASEEPGI. issued Au 9&'2591t95¥ggﬂ‘3§e gglestlck

pol ypropyl ene polyners having nelt indices In ex ess of m nut es.
The exerfpl i #4hedivegiferaise in Blke Bianthas 78 bea?ﬁitsémpak@t'arr@nmprgqusnnmemspfy, and

t hus unsui t givstao 1 98°C, and pref&'aSlSr%%s a2 10C. gﬁﬁteeﬁuﬁao@\smyﬁh@ﬂnﬁ&e&m@atI On
equi pnent used w del ack

o PNt el bl B BR BE e R e ginn s e ieeass of 19 G mizgteds s ool
mel t ﬁc&mmpbﬁqd ghugpasitiok Bthesee amppsitipstans bighia, vissodity pandpiylsansuiabid for

L1 one 1 By 85813 oo ppisHR e e iR ek 00

| ow applli caindestryt enper at ure based on ethyl ene n-butyl acrylate copol ymers
15 having a nmelt index of at least 600 g/I0 min., a terpene phenolic
t acki fy| ng r esi nUdn8ataNp.owd 7@1e tafgrnstern et alpissusd Dsyembneili d 9% tswwhescopl meis ch

wax. gﬂ@éta%q&uﬁtl oggm Lth 'g}?éJ Bélgﬁrogﬁfrfegnﬁgthgﬁ& % apé‘atx\e I ght,

of other nerlc a v I'éne vi nyl
acet at e, et hyI ené Sreathhib. Sa,ﬁﬂyﬂatoel,.xedermooy aeahishued Maadr 1M, i1 996aedcbigs a hot melt

P(r)llj)e/\)e(t hyl eng adh qﬁ &/ep xrg(r?opdytj {E')w apghcay?r( {) tétpg O ellbage% o%te%flle%gg)buaz dgcg—yl!atgﬁopo!ymérg
Eur opears Pattavmgpphelc:atiem aElI?adt‘)émﬂg( 1 OR0A S, terperblphs’med ta?cla:lfyngl&sm 2806 lowt ireltile S

a hot nelt adhe5|ve based on et hyl ene n-but acr

copol yner s m*e}.sn@ﬁamﬁ%%efgﬁa@ﬁh BF ol 4 SUgEesteq it smal amoypis, 4 K}Z%Pﬂ&%’hﬁx weght,
Wi th a rosidr ot Bblymeskaddtivegsuce ad t9piddll idoWh GﬂhS)lGﬁé’ﬁhﬁ'al:étﬂ@ clifyldaamaityl sbryimy,
whi ch may al so contain ethylene vinyl acetate copol yners, ethylene

met hyl acr wt%xi@e@eaapyw@rpglye@mw @Akypropylene, H‘EJW‘FW%‘CEJC‘PCF‘%%P i loger melt index

pol yet hyl engy, lggl,ymtggy,lyqadq%opg%yrs@%tb@queld co- et hyl ene), and |lower nelt 25
i ndex et hyl ene n- butyl acrylatée co %{rrers as non- essential ingredient.

The adh¥si ve conpérepeanFas APPllca‘*O §.9964d. Wh?hlsi’ fuly 1§ d P94, dasehes g hpreely ange
of 35[err] G tc%%‘ai%a%ﬁés}\g ba?erd%nQf?@']egpﬁ@utfyp&cr)fllﬁt@@@p%[ynwrmgmggmdhqaée‘x%@§t lgast 850

and | ack hlg resi stance No. 5, 32
i ssued Jul yg/$0 miregdmbnoedzselnptoam@stet tagifyingabsii aml aamhm:rynwellme autreaffi wefax wh!ch

conpri sing , LD - ,
a specific M@L%ﬁ%iaﬁ%ﬁyl Yac E?‘er}aéér&g%mgisb eer?t% Q%éhﬁgé@lgkeﬁgﬁoﬁgyfe R;%ﬁ@
et hyl ene Viatyjllcesid&bpcﬂyxpa’sypmﬁlylene polypropylene, polid(butene Pado-etiydeneh 230 w8Adelt

i ssued rch 995 t hma t eaches bl.end . ol ynmer
corrpos&l on'§ d%‘oérwa?"sel ntij‘?ya[ aWE{eLfPBa?S‘P”éa%%)B%‘I'WFé‘ﬁBd?grg‘{‘m'l 2ﬁeeadgﬁdveafﬁmpxsmons
[err] - ol ef i exemptifiediexhibit fibebemriptheusmgp of yPyCapyi Ensre designad faMiezeh grade applications
pol yol efin m xtures thereof. The exanples set forth i n Lakshmanan
t each corrpoaé’idtl?céﬁ’ég'\tliief“rfeﬂftﬂﬁeconcent rations, at |least 42.5 percent by

wei ght, of 35  Qlepaest mpls,ym;m, isdiee myrsgigm ﬁﬂEb@Jn?SﬁHet ef, cRinhy 4 Ritenehudh@ive
[err]-olefin exenplified is "Flexo rTE é rom_Uni on Car bi.de,
having a 1-$RPEISEECHRYERE "‘Hf"gfs'"%bﬁ" BY50RAe4min psrASTMARIP3 aspeqifigvapend a

g/ cnB. 35  tackifier. This patent teaches the use of ethylene vinyl ester copolymers. - 3-

U. S. Pat. No. 5,397,843, issued March 14, 1995 to Lakshmanan et al., teaches blended
polymer compositions comprising a mixture of a copolymer of ethylene and an at-olefin and an
amorphous polypropylene and/or amorphous polyolefin, or mixtures thereof. The examples set forth
in Lakshmanan teach compositions with high concentrations, at least 42.5 percent by weight, of

35  blended polymers. The single copolymer of cthylene and an a-olefin exemplified is “Flexomer 9042”

from Union Carbide, having a 1-butene content of 15 percent by weight and a density of 0.900 g/cm3.
-3-
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PCT/ US97/ 12366 These pol yet hyl ene type formul ations tend to be
stiff and 03000" cold tenperature properties. In eneral ,
prior to the present invention, bondlng capabilities of ethyfd IHESEY hot
mel t adhesjve I tions nded to be poor in comparison to

et hyl ene %ﬁi‘r‘W%&%‘?Eﬁ%‘Y%g’“@t"ﬁW% Frad to B tiffiand o Ravepeor cold tempepatise propertiesydh ¢

adhesi ves gefd¥rdlNstitd fo lthh Qrebbﬁem‘ﬁmﬁﬂ%m%l&npmilﬁ’éa lo@£thy18ncQfaLkdi HBPMOY Rihesive
flexibility, these olyners tend to be very cohesively weak due to

in hormgenéB‘ﬂB“ﬂﬁ“&ﬁ Eﬁ'idiﬁ ‘§tbF P‘Eﬂﬁt"? Wmparifandpethylens vinyherstate and ethylene apyiey! acrylate
unpr edi ct aed haghaga&lbaveac M&ﬁéu%h ltmse &Y SdepHRIPEINIMRS 9:91 i glq% h@ﬁf,ﬁ E‘;ﬂﬂ,e%

soften significantly i gh terrperatures resultin

heat ré&si pelymees IMOtbhéerpsengbﬂv Mmk@et@mh@mmms brankirdiswgbution, whighhilgtemty
and stora t sued J 6
to Tse et ch ause ypredictable af%oqgléhgfmgﬂ ﬁp 4 aTgmﬁﬁjgg%gglgﬁ?sﬁon t88?1§‘i"§f5"ﬁ53'%%
essenti al Iayhlglﬁ ten(par)atu’is& parltmib atles Bﬂmepeleamxtce biyd tMepcglﬁbnth ofdbofid PithdRfing f

et hyl ene djt ger cent to about 30 percent by weight of a C3 to C20
[err]-ol ef ﬁp%? X¥ES n the presence of a catalyst composition

conprising a ndl.8lRaemeNe. 5930,084) isbedMna2s 1298do Tauvit BIY, ciiimd] RétinleltQlbihesive

from about 20, 000 to .about 100, 000; drocar bon tackifier which
OB bepesumr sorudme gentiaty OF it Fertatin o Pern i elag eb s Sorolatig of
consi st i ngthgfend BndudioGEperdelit t4AbEHNZ0 Srcent Mﬁg‘ﬂ/obytfflﬁcﬂo @@Qﬂhﬁ%ﬁce&ﬁh the
having a specific¢c gravity of either 0.898 g/cnferr] or 0.901 cnjerr].

Si nce t he PEs@RpOf 2 Fvéﬂysrtawmsmons%msmgam% lpgeng ang ancalwnexangyang emgpme of
about 10, QQh £ z(ol&@ tasms{dom %ﬁ&qu&d.«a&uﬂo&%&&fe} Qhﬁﬁs‘s@efeaFWLrgta'rQJ&%d

are not only unsujfable as |ow application tenperature hot ne Resi ves,
but are t yipi dxemplifigdsase eqamositions consistigg of Aseperngnteytveight of ethyene/batspd-1 certolyorer
equi pent e ﬁg@!, b Qigds 3l
Furthgg nor ﬁ%xéﬁecﬁg e #’ g‘?‘{r}rluﬁ;% ont a?tr?lbgl)gg’r%@r e§ %g{r?e%semppehrﬁ g‘éﬁotmﬁl)?m\?\')esi
of a low ﬂm?eta ‘ng:oysiai great@Qhan apout d0,00cpsd lOgnanes( cingecohd)) & 1807Crpmb formnlatibres

pr Opert ' e%reérot hlﬁ? ur'léurﬁaﬁpgsdlo?qpﬁfcht\éo%ftgr%% turrétﬂgﬂn lpadhesbv bur| are xcall ns&;ab}ﬁ er

viscosity he wax con ations ex Sesay
t han aboutforlleg: Gﬁ)@xtnqssm type applicdm egmamem(eamasemappdga)xommmpbangeomom gh as

67,000 cp at 18 rrlc. . U. .. Pat.ent
o. 5, 545 TRl B RIS REEAR bhahing gt Bb dpercent by yright of p g g R
ad hels i20e pat\‘la\lkf;fin WONPRISH hz:csOiftleQﬁm&ft bs ttﬁ@r@;b&%@ﬁmﬁk&ﬂ#iﬂﬂ@é aBﬁltm‘nim lower the
copol yners erein t e i rst .co  ha rom about 20, 000 to
w535, DiEoTHG EF LS MO PR o7 SN Byt i B30 6o A6 SRS
about 100(ﬁfwgrarﬁs'i€ck’n &toﬁdmnmmngmlmgmmeaoo/@ﬁ (@m%msv&ﬂn@sboﬁ@ymuse® a bl end
of copol yners, one of cop o%mars havi n

v oLl v b e NoraSf801E oo Ao PSS torTHBoHel s A BhaTahadnesive

copol ymer c@?ﬁsggﬁlndnfdo%rlgﬁé a @e@&%tﬁyleﬁe/ﬁ[cﬂéﬂntcﬁpﬁi'mgs %gélre Ry g cro%olym erhasa
Exenplified are dhesi ves havi ng hi gh vi scosity” rangi ng

bet weéf 4 hé@ﬁroemboeu@ @Pm(lb}%@ee%@y yecafrﬂfore'@mm‘@s & Py {rem@housd0.000 to

gr ams/ ( cm,p£&Qq06bdo. VEatcP oméﬁot%elttat]ﬁ‘es%%@n B RGLARH&S a bﬁﬁ&&f&gongﬂgrscmu 4t100
grans/ (cm second)) a 180[err] C, such formulations being too high in
vi scosity lmtonss:étf@momlmdahd'lmmimiﬁsmrmgreast:rdwntZ},ﬁpé:unhermoreaqbpqu@attdeonty
equi pnent

o P fbol M ABRLARAYL0 - STREAI SRt o, migrpietalEfos it

Pol vol efi rhaﬁughatghsx,:scds)urrmingdafenv&drhe,sﬁ)map; (Mcgramsmsm stxmd)p ahd 480,009 cpi@%(lG?

1995, t t hat t,.ad
ot hyi de- FHTCERaRD: SapaRy ot SR irarre AdReo i) Ha 005 mem seconay a

-4- 180°C, such formulations being too high in viscosity for use on standard hot melt extrusion type

ght

application equipment at low application temperatures.

Tse, in Application of Adhesion Model for Developing Hot Melt Adhesives Bonded to
Polvolefin Surfaces, Journal of Adhesion, Vol. 48, Issue 1-4, pp. 149-167, 1995, notes that compared

35  with hot meit adhesives based on ethylene-viny) acetate copolymer, hot melt adhesives based on
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i nt er pol yners show hi gher viscosity and inferior tensile strength,

but better homggestaueiigtdn ethglepdbycddfdfintarpslymesscbey highghviscostyzad mfator hi‘ne:&k and
oner e B e herd e A e S LSRR s
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for low application temperature hot melts, it is necessary to employ substantially less polymer or
alternatively higher melt index polymers having a lower molecular weight. Consequently, due to
these polymer compromises, high heat resistance has been difficult to achieve in combination with a
35  low viscosity. Surprisingly, the adhesives of the present invention exhibit heat resistance in

comparison with standard packaging grade hot melt adhesives designed for application temperatures

-5-
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PCT/ US97/ 12366 of 177[err]C, while having viscosities which are
anmenabl e W@ 9%88}0Bcati on tenperatures of |ess than 150[err]ECT/US*"”I”‘66 )
The resul § t. mel.t adhe: ess than t 5,000
epe (50 ot 117°C.$ieRyihe PEARBIRAT A utaE3s wonfslon ioairy rReadoRiln 0%,

cps (35 grans/(cmsecond)) at 150[err]C and 5 nore preferably |ess than
about 2,000 c 2 r.ans/ second)) at 1 err] .C and can be applied at
t enper at ur es fl?e "(cé ggtthr?éﬁ’e]gb‘g{ﬁf“’i &sﬁ’s@y °§ﬁg‘ ‘E}?"Lﬁ‘b@}“aso%? gt 3Penper at ur es
bet ween drahk/edm- }&@)phtlsmbﬁe}e%bly less thanTmeadjse@,&amg@np@Ebnhg AR P§YeC@Hg usi ng
standard extrusion ty | i cation equi pnment such t hose

RNUT G B PRt B B1oh D0 TR P B (CRSaE g b 1 86 19e s bcappled a

Sl aut t eréﬁﬁ&aﬁfg of I:Wthan about 150°C and F;EFE‘?aHEOM?Am&%ﬁ% %%N&Q W@%ﬂ zfn'dgglﬂ%f the
pr esent i1 nvention iis further characterized as havi ng a ensi ty
amenabl eThese adhesivesicag barnpliedyningstangarp exieusios dype lmelhmphn@ion e@dhasltmh(a‘s t he

Ul nes. (BagegyPEERY NG oh? AR Bos AER s b RIREE BTN RE o, 1)

and nore pref Ehalrvgl @hm\te@lompbmwrﬁﬂ' Elernrés&tamdnmnefdneatchmbtelnztearipbma{gur e
flexjbiljt | nati on, of ert e the hesi ve
corrpg)si t 3%%"89 at"PﬁgabB? @’ rEEingRnd r'i?puc?r‘nngt g highot R f@‘ﬁﬁ"?’?"’c it PEsPovenent
Wi t h respegitioh exHibits extelleat lfeﬁt rhiiaarﬁb thatiag péed)wllﬁ?qamPAEB)tgrQ[br'tlﬁﬁﬁeT(atptHf@ably
packaging 15 vent| on further

pert ai nsgrfﬁerafhﬂbgo ﬁé’f‘gmﬁm‘ﬂ%@va‘y@é"éfeﬁfha{‘ BJQ&HE%J ﬁ% cold tempegatiyrg Hexibiityor
paper boatgls E@figatfRBP plopbriiek causes the adhesive compdsiibns of tedpresefifiveBbdfthe RET CENt
of a honbgeneous |inear or substantially |inear et hyl ene pol yner
havi ng asignifiegdnt impspvemegiwith regpegidg the/staty %frt\“] artfagiloy appliqation smperiatuge pepkaging
350[ gy r ] EgnéQves. (177[err] C) of from 3500 to 6000 centipoise (35 to 60
grans/ (cm second)) ; (b) 0 - 50 weight percent of a

tackifier; The subject inventiof ﬁx)’ther tharns3c53 WRingttadRAIvE @BEFIRb adhe¥@pworhi ch i's
preferably selected fromthe consi sting of paraffinic wax,

crystall F%@%‘”H‘i‘ﬁﬁ%@%ﬂ&?&s @%1 ng a density of 0.885- 0. 970

g/cnerr] and a nelt viscosity at 350[err]F (177[err]C) of from 100 to 1000
centipoi se (1(@do 1Q@52300 weightrpeidennfadoonggneousdinehroo siisnatialignisearher eof ; and
W tget heetnyxge/e ﬁbqyxﬁé}%wwg%eﬁshﬁof@%fo@ﬁs AmPERSERL Vilkodly ATBHH | ess than

20 i ght onpbgeneous Tinear or substantially |inear
et hy?‘bne“ﬂ?ﬂ@r?érﬂ%xﬁpé%émo qEWlp(gﬁe (35 to 60 grMmpEMEEcorE) east 50 wei ght

percent. The subject invention further pertains to a hot
mel t adhesi ve wysef @l- ooveadhn péreerit WPa Bilkifiet aces of cardboard or paperboard,
conpri si ng: (a) 25 to 85 wei ght percent of a honbgeneous

| i b I ' i f
0. 365 1o 1 aes Whan 00 s erf BRa of 2 e oK P RBnERGo A M BolPcr Y D)

(177] er r tDyisuhig 6fr panafBHO Gvax corp@dineceaxt hproogsaous 3G x havigDa densivs s G R85second) ) ;
0.970 g/cm® and a melt viscosity at 350°F (177°C) of from 100 to 1000 centipoise (1 to 10

25 grams/(cm-second)), and combinations thereof; and

with the proviso that when the tackifier is present in an amount less than 20 weight
percent, the homogeneous linear or substantially linear ethylene polymer is present in an

amount of at least SO weight percent.

The subject invention further pertains to a hot melt adhesive useful to adhere two

30 faces of cardboard or paperboard, comprising:

(a) 25 to 85 weight percent of a homogeneous linear or substantially linear
ethylene polymer having a density of 0.865 to less than 0.875 g/cm’ and a melt viscosity at
350°F (177°C) of from 3500 to 6000 centipoise (35 to 60 grams/(cm-second));
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PCT/ US97/ 12365 98/03603 (b) 5 to 50 wei ght percent oPCa/USUKAGE er ;
and (c) 0 to 50 weight percent of a wax which is

preferably sel ec(bﬁd f§ 30 NAgH pekeBnt of a tackiB@NSh&t i Ng of paraffinic wax,
crystal line wax oanenous wax havrng a densrty of 0.885 to 0. 970

g/cnferr] and a | S 03| at err 177 Q) .,of . from 100 - 1000
centipoise (1 to(rggo (Xm &) (pﬁrr?le% ggr‘ivdf) i gﬁﬁp%geﬁw}yn%{ecﬁﬂgmf’h@Féb‘?“p

with the proonsisingtolﬂatrafﬂme:rwmerystaﬁxm fzvme.rhomgmoeswm havingandeasitywoft0.8883s t han
20 wei ght g 970 o/BRT HRN mell WEcoRH) %@(’5@' (?7‘pt?§tef%m'1@0 a hig}mspér ; ald east 35

wei ght percent. bj ect "I nventi on ns to a
hot mel 8 adieBs(ceserond)l and sombingtioas hgrsot: faces of cardboard or
paperboard, conprising: 10 (a) 25 to 85 weight percent of a

hormgeneous l'i negin @k MWW@A {hh‘ tdckiﬁ@ﬁi’s present in ﬂ{ﬂﬂdlﬁf‘@ssﬂﬁiﬂiﬁaﬁe@ﬁv' ng a
density of 0.860 tomaess t han Q. g rrE 144 %n %mlt viscosity at
350[err] F (PEFPRlethe|REJYTREF WB%?PTBGBE‘{" “’}té’ 8t IeAihtr Y8 PEERRY poi se (15 to 34
grans/ (cm second)); 5 to 50 weight percent of a
tackifier; and The sub}ect invention fucther peﬂam@toaﬂromemhdhepee ceehfl toddharewas whi ch
S preferal sel ect consi sting of paraffinic wax,
crystalli ng %éoscﬂgboard &rgp%glrkgagd,ﬁcg)%ﬂﬂsﬁg density of 0.885 to 0. 970
g/cnerr] and a nelt viscosity at 350[err]F (177{_!nrr]C of from 100 - 1000
centipdPse (1 tdalo 25to 85@1"-"&5%1"(‘&%‘ %:b?rmgfneoah cabpbithutntishslineder eof ;
with the pregise bt}ﬁrernmxrg 4 fasityestiol §60€6 1dsSthini essmg/cmham RBPVREostL &S t han

wei gt per GIRTF (15455 hont 1350 RitTRln 00 RERBREE 1o o AP wRAEDsRon By 75 27

hot nelt adhesive useful to adhere two faces of cardboard or
paper board, conpb) si nfjto 50 weight percent of a tackifier; an®5 t 0o 85 wei ght percent of a
honogeneous |inear or substantially |inear et hyl ene pol ymer having a

density of 0.8604 o I c
350[S'er¥] o 50 e§ 9 @gfsd»bag% gel%@&a ogém%fhz&erx]ﬁl‘gtg?ageiﬁ(efe ¥ %Fhsthé gma{:

second)fp; cpRsisting P‘“afﬁmc(‘ﬁ%x crystllipe, wag qusp%%@m"gafdeaﬂ&wé IQr 8[8r5 &: and
(c) 0 t o bYrovwiighindpethelevitcosity @ 38RO (WHI°Chof fsorpn @d e k@Bl cyntipelse ¢t @di0f r om t he

group grams/(cm-second)), and combinations thereof;

with the proviso that when the tackifier is present in an amount less than 20 weight

percent, the polymer is present in an amount of at least 35 weight percent.

20 The subject invention further pertains to a hot melt adhesive useful to adhere two

faces of cardboard or paperboard, comprising:

(a) 25 to 85 weight percent of a homogeneous linear or substantially linear
ethylene polymer having a density of 0.860 to less than 0.880 g/cm® and a melt viscosity at
350°F (177°C) of greater than 6000 centipoise (60 grams/(cm-second));

25 (b) 5 to 50 weight percent of a tackifier; and

() 0 to 50 weight percent of a wax which is preferably selected from the group

consisting of paraffinic wax, crystalline wax, homogenous wax having a density of 0.885 to
0.970 g/cm’ and a melt viscosity at 350°F (177°C) of from 100 - 1000 centipoise (1 to 10

grams/(cm-second)), and combinations thereof.

30 The subject invention further pertains to a hot melt adhesive useful to adhere two faces

of cardboard or paperboard, comprising:



consisting of paraffinic wax, crystalline wax, honbgenous wax having a
density oky®odie¥s03 O 0.970 g/cnferr] and a nelt vi scosp(t-m,ggmammrr] F
(177[err]C of from 100 - 1000 centipoise (1 to 10

grams/ (cm seco g) ), 4@@98&9&?&%@&:}9‘8%?%1%F&?Eéﬁ% us hﬁgr or squtTntxtalOy lin ae subj ect

i nvention furt pertalns Ive use ere two

faces ethylesie pelyimeh hamie peenpipf 034 1ei0-8¥orrem axidragmelt viscosity at 350°F

- /- (177°C) of MQnQ&/O@%Q% than 3500 cennpmse (15 to less than 35 grams/(cm: second)
PCT/ US97/ 12366 (a) to 85 wei ght percent of

honogeneous | i ntlaII et hyl ene polyner havi ng a
density of O. 8@3 9&?%8‘5'3’ (?ﬁr[cg?tro}l Lfﬁlg‘?gr M9t viscosity at 350[err]F
(177[err] O of froml 500 to | ess than 3500 centipoise (15 to | ess than 35
grams/5(cm secoed) ; 0 to 45 wt. percent of a i) which 15 praferably weltagdt frqme e gneupof  a

tp?g]lf Ie]; ;glr n%%ﬂxgc ? garafﬁmc W?’h cr)(sﬁ line waQ ﬁo?no%?no% wak ﬁ:;v?rg‘ht de%(;ﬁf%s"i@' chis

nic wax,
crystal | i h870g/gm’ w&mr@ehw%osm% lﬁgxﬁ Ha7°§>@éﬁ§intl>000f0@%@°uss(l 010 0.970

g/ cnB andgremgmixﬁse\éb&gp%haymﬁ&m%&{mmbf (177[err]C) of from 100 - 1000

centipoise (1 to 10 gr ams/(cm second)) and conbi nati ons thereof;

with the proviso that when,the |.e n, 10 .wei cent
the. pol yrilis i B B MET s Uk IR kst o S ws R bt g PRl PSPt B

The slbj emtamonueofiat astfS0melght pgresnt.ai ns to a hot melt adhesive useful to
adhere two faces of cardboard or paperboard, conprising:

(a) 30 to %ﬁé"ﬁbﬁ@ﬂ|n%h&r?fhkhafpeﬂaxhpm%f‘ﬁE’N§dh'eéugl=?1%5fu?{o aﬁi«@?é%vﬂﬁf*aée%' ly

| i near ene havi ng a density of ess than 0.885
g/ cnB and°féaﬁ4€9¥d\?f84?6‘§’i°?r§’ MPISING: 350[err]F (177[err]C) of from 3,500 to
6, 000 centipoise (35 to 60 grans/(cnferr]second); (b) 0
to 50 wei ght pgcenB0 af85awaight puiaer bof a Sonrgedepnaliteyr aralilxscnddlyflimeman t he group

con5|st|n I ng a

cni ty ofniinelRflesbfifie dEshuicriOted g Iy ss WIRBRRAHR ARG 1T 1)

( 177[ & r ] BO°b{1 HP@mf fom 3,500000,08@ pentipeises@S (0160 gramms/(cm-secondkans/ (cm second) ) ,
and conbi nati ons thereof; and 20 (c) 5 to 50 wei ght percent of

a |t acki fi e{ (b)  0to 50 weight, pmemsammmuhicnvméﬂcomyfsue&taeﬁo@ BR\Grslps a

PO ynerlza ion proce conpri si g

Crhyl one  canySuRd T1gagtmig mpFoeelie pedempegious yrUwRaapfudy of PR
g/cm3 and a melt viscosity at 350°F (177°C) of from 100 - 1000 centipoise (1 - 10

grams/(cm-second)), and combinations thereof; and
20 (c) 5 to 50 weight percent of a tackifier.
The subject invention further provides a polymerization process comprising:

a. reacting by contacting ethylene and at least C3-C( 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 homogeneous linear or

25 substantially linear polymer which is an interpolymer of ethylene and the at least one a
-olefin, the homogeneous linear or substantially linear polymer being characterized as

having a density of from 0.850 to 0.895 glem3;

b. reacting by contacting ethylene and, optionally, at least C3-Cpq a-olefin, under
solution polymerization conditions, in the presence of a constrained. geometry catalyst
30 composition, in at least one other reactor, to produce a solution ofa homogeneous wax

having a density of 0.920 to 0.940 g/cm’;



pol ymeri zation conditions, in the presence of a constrained geonetry

cat al yst WO 98/03603 conposition, in at |east one reactor, RGI/gSUHANS a_
sol ution of a honbgeneous |inear or 25 substantially |inear

pol yner whi ch i s cambinivigehgiutioe of G fiedt hsaceneitard sblvdomss theaséndabRidred I |
-olefin, the ho - i r substantially |inear polyner being
characterized a?&ﬁpae&“ﬁmk olpgﬁrenﬁ’avi ng a density of from0.850 to 0.895

g/ cnB; b. reacting by contacti ng_:; et hg/l ene and, optionally, at
least (] err - er§mpoving the selyedf fram thgpbytion of a blend of step (c) agd regpyeasing the blend;

pol ymeri zation cpglitions, in the presence of a constrained geonetry

catal yst 30 . conposition, in at |east one other reactor, to

gr gggcf 0? O_S g.lélgt b%gllié)r%p? jnrt]r%gxlj)cgnegnae ackifieranto the reactor of step (a), tlbear\éécrt]ogr o?stg;? (r{)il otry of

- 8- W9 Got3 6ibSequent to the reacting of step (b);

PCT/ US97/ 12366 C. conbining the solution of the first reactor
With the solutiefn@fesdiife SREONMoT 8RirRitertAd as having a viscosity of FlsdThgh SRbut  on of
a bl end; A _69?3.1 fos rtermﬁf/bi ngotﬁe srg tE\.'/ent aﬂaglrtrllgtahvéscg% t?{r?eé{l%%'}ﬁgbbl end of
step (c) aneentigeist/SPigrmy(sw-sprapdl at 150°C . and 5 e.

optionally introducing a tackifier into the reactor of step (a), the

reactor of step (Thg subfdct invention further pertaBis t@&yacRalinY arGelOTORPANIAg o alifa€ent

reacting, of .ste , wherei.n.the resyltant conposjtion is .

Char act & 7 B8 chedbpang onpaprroBE MR S a8 Sdhehd b sGESPRE bt e aiesvesr (5o
gr ans/ ( cm stedomapfiorpand Siicleanejclaracterized as having at leasTi8@ paudnt @dtial papéerid. Most
further pertai ; L hGle i Si L t. ; faces
of car dboar Beia el bEUBLREEARR 8 B by AR bSO Bl on, .
adhesi ves ofnd which arg isharaqicrizad polpving gt legit 86 Rersgné 1 ¢ Hayr Reeerdear sbigoms havi ng at

| east 80 peteaftatiréliridsBprefRABE) asthadihg atNB&t 80 percent 1Y &y Phpe ttaPASEaTI NY ,
articles will be adhered by any of the hot nelt adhesives of the invention,

and whi are ch cterized as havjng,at .l east 80 rcent 14 d aper tear
at roomﬁ] te%g?%\“ﬂ%t?gﬂ@ﬂmﬁr%‘Fg‘?lg’ﬁ‘i'@ﬂt '"ﬁg(ﬂcgﬁ"ﬁtﬂﬁtgigfm%y ercent 14
day paper tear at 50[err]C. 15 Unl ess indicated ot herw se, the
fol l ow ng testi n@epsitydeniessesdan eccorgaiys valpA RN B-792. The samples are ann@xdguisatt y i s
measur ed | N AGEAIAIARGE L1t NTEMeRd B melliferdARlgEnalr € anneal ed at

anbi ent conditions for 24 hours before the neasurenent is taken.

Melt index (I[err]), is measured in accordanc i ASTM D- 1238 dition
190[ err] C/ 2. 16 ———Jé‘g—ﬂtzfle)" = of Wﬁﬁ“‘fdl{'%%ﬂrdé%ce'”ﬁi‘r%“’?&ﬁl2(%)“"}‘&‘"0“ 190:E s

kg (formally known as "Condition (E)").

20 Molecular weight is determined using gel permeation chromatography (GPC) on a

Waters 150°C high temperature chromatographic unit equipped with three mixed porosity
columns (Polymer Laboratories 103, 104, 105, and 106), operating at a system temperature of
140°C. The solvent is 1,2,4-trichlorobenzene, from which 0.3 percent by weight solutions of
the samples are prepared for injection. The flow rate is 1.0 mL/min. and the injection size is

25 100 microliters.

The molecular weight determination is deduced by using narrow molecular weight
distribution polystyrene standards (from Polymer Laboratories) in conjunction with their
elution volumes. The equivalent polyethylene molecular weights are determined by using
appropriate Mark-Houwink coefficients for polyethylene and polystyrene (as described by

30  Williams and Word in Journal of Polymer Science, Polymer Letters, Vol. 6, (621) 1968) to

derive the following equation:
Mpolyethylene = 8 * (Mpolystyrene)b-

9.



20 Mol ecul ar weight is determ ned using gel perneation

chromat ography (GPC) on a Waters 150[err] C high tenperature

chr omat og?’%fgﬂgl 50hit equi pped with three m xed porosity PCTRUSPUIPAGS

(Pol yner Laboratories 103, 104, 105, and 106), operating at a system

t enper at Upéhippquation, a ﬂ‘h@”{lé @ng = ITthVeightaueregd moldcutar avetght, O.,0s aletaene, from

whi ch 0. 3nﬂféﬂ§;6ﬂ'fmalﬁ¥er%¢c9mﬁg &qhyrdnenﬁ.g%rmma My, L RSy S RV Rse B SdNPBR" ed for
|nject|on e is and the inj'ection size iIs 100

mecrolit épgswmght f]ractlon and molecu}qﬁéve f éeésacfc.gyel%é] g}?t“h caerglvtingi feom the GPEduced
by usi ng ceimmw nol ecul ar wei ght di stribution polystyrene standards
(from Pol yner Laboratories) in conjunction with their el ution

vol umgs. The s are m.ned by
usi ng% el_gigft Vgl:o% 0 (Ji rQXJn %ngQJ (?:Felijllé\%eedn {n ac?oO anﬁ%m}gﬂﬁ J‘e {é%"%m d
pol ystyr emceélarg uaeséﬁr%éielwaswatonwlwnaancemdervtn ditposabld elumimaim snpRo| ymer

Sci ence, Rahyerer ThepirleSusedRla-SCO31 k(o@-zn]e)t sﬁ:%@lg,)suhé’\%le for ﬁcqumi% Vi€eosiaiEs 0! | ow ng

equat i on:
) g_ ‘the range of iR §%1o098880 centipoise (0 }]to 1000 grams/(cm- second)) A cutting blade is

PCT/ USQ?/ei:QiB@@l d to cut sampléﬁnlfofplxtﬁ:csﬁﬂbhﬂteh&fglh t&fi t-mﬁ’; tHS 1L RicRRslePs {nﬁﬂes%n \flé'Sg ht
aver age nol ec t ca in the usdal manner
accor gl ng to #h@rﬁm\l\ﬁngﬂiaﬁlﬁ 4 gFW%‘f’ l”g‘ f‘] Is pla ‘g AP fhegpaspherwhighds intumpher e
w err] arivseNp@intd a Brookfield Themtom awlaliogttu irfto akata With Bentnezblearsy ;ﬂrerswalhe ht,
respecti ughye cﬂsmlge'?%aé 4 Rouddl @othd Qatoﬁl t’ﬂ{it'fﬂ&hg b&HBn] aﬁhecfgokﬁeld 'I'hermosellj

Melt viscosi t}/ ymer corrﬁ)onen term ne h the
f ol | owi ngnsure that the B’E?é‘thff B ngk3! Q’CQ‘OBPBUK*T"P@?"CFPE‘QBG? insasteql ard SIDVInIng \Thscomat er

|h n di sloos;;a;labe @hdarsdrwmwru(rpma with addifGEDRMple btmg a&@drﬁ%ﬂh%@ﬁedhs%m 1e5C 31f
ot-nelt .s tabl e rin Sc es.in ange o
from 0 t?)gt:‘f’(ﬂgk Uﬁb%%gﬁ‘f‘ p‘?Bllog’éL?(@p ‘?‘ 31'86‘0 'ljf“g }FPEMS%G?BWMW But ting

bl ade i s lowered aredtpé spimdle submetged mmbeanp!atmmbned.e&eﬁﬂ@isIco:ﬁﬁhebtgulihtﬂ0 fit into

the 1 i nqu?f%(g%nt ,Q&lﬂ@ t%g%nﬁ?e'lﬁ: C(ﬁel G[mWs%%eteﬁ |sturne I)Jd sc?rg)a

chanber e sanmple 1s p ac anbe
i nser t ed S &ata which defls 19l adormke Foadianin tanungrf 28 ¢ qiorneecepq aRpedmgme taksert

needl e- Neseryphin@e Sor abBR 15 minutess 3MBhiCthe RATRAEbNRS, vﬁquﬁhreQd]n% ﬂ@eclameﬁom t hat
fits the boitom of the Brookfield Thernosel to ensure that the

chantper is notMait Viseegviod iebbimyhaihedied weRd détHrRinkd ot NBRIokAD TREmMDELI NNI Ng.
The sanmple is heated to 350[err]F (177[err] C), with additional sanple

bei ng adddsFomstsr Madskl YRV g yswgappmbdersl spigdlghout ™ 1 i nch (2.5 cn) bel ow t he

top of the sanplkR as@snéaesr(mfhena/smmr@aetema@9uepmmgxoo granPWBiERd 3R
the spindle suBrrergea Into the sanple chanber. Lowering 1s continued until
@

br acket s thssampdesin S paelmade and 0 esm peighty frerytheemplerinethe sheatmedeerThes t ur ned
on, and sghp érﬁuf'% was rampedTRA a &t Wi Glfatull'@&@% ot B 43 eﬁﬂﬁg&ﬁxpgfaﬁﬁ% &9 0b%t heke

range of 30 to 60 percent Readi ngs are taken m nut e for about
15 miZut gate ohR5°Ghaur. Threovempulematicelihierorde, thmlrmtratfurmlwhmbaich samples failetor ded.

Each sample was coated onto kraft paper by hand using glass rods or shims. The resultant coating is a
one inch (2.5 cm) wide band that is 8-10 mils or 0.008 to 0.010 inches (2.0 to 2.5 cm) thick. A
minimum of 8 samples were run for each adhesive. The adhesives of the invention were compared to
commercially available compositions.

30 Bonding Tests were conducted as follows. Adhesive bonds were made on both high
performance corrugated and on clay coated chipboard cartonstock using an application temperature of
about 135°C, an open time of 1.5 seconds and a set time or compression time of 1.5 seconds and a
bead size of 3/32 of an inch uncompressed (2.4 mm). The resulting bonds were then conditioned at
about 40°F (4.5°C) for at least 24 hours, and then separated by hand and the amount of fiber tear based

35  on a percentage of the total bond was determined. A minimum of six samples were tested for each
adhesive. The adhesive performance was compared to two different commercially available

compositions.
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20 Melt Viscosity of the hot nelt adhesives were determ ned on a

Brookfield TB%E}H?@%?' Vi sconeter Mbdel LVDV 2+ using a pefasdor43366
spi ndl e. Peel s and Shears (PAFT and SAFT) were determ ned by

suspendi ng 100 Q@ﬁ@ta\’fﬂhﬂ htss §/£@ @bnducted ad 08w LS rhrﬂ shififle Bﬁéﬂch gpgie adtiedived0

gram wei ghts fr € sanpleés in the shear node. erature was
ranped f rownfaplsqedm # slgssthepise which Mas ten plapediip pdoreed aa’rP"é?\EI‘i 19° ﬁ@ & apdipitewsd
100[err] C Bt fi ovs\%ﬁﬁ' 26 9% ur€A %511 Egrh&%f thel {iBe SV floR UbSUTR D igfadd 1oYabbRQOMpa
t he tenperature at e sanples fail ed. Each sanpl e was coat ed
ont o kraf t wpmemvdayfrdrmﬁtt beskienat 24} ’é33§2 F@fﬁ%ﬁ kourss t¥isegsity prd Malten Gaedagr Clensivwses
IS ch r 0
inc hes 2. B’C’t’ Bccﬂr.r&gd Eofrrfa“?]hoﬁc% .Iw@fqﬁmmm%hﬁﬁl{%r‘f]ﬁ%“ﬁeéqgggn%ﬁ%gg Oﬁtgpfuﬁﬂfcg?&l
each adhesipngscoditicand Mliieen Gagined Cdlbrefor 96/kguvts arepeted hewimar ed to
commerci ally avail abl e conposi tions. 30 Bondi ng Tests were
conduct ed as fobhmdheﬁdhmlmuaeerb gig AETYf it Adhésivgh of Examples 24-
per for ma-ncg_ ol u g(?n &Q?rdgrpse lﬁ’iX]bcCi%ﬂS\ggg ;Hcaflpéarﬁm%“lﬂﬁ%thpgy s Hﬂg an
applicatio an en tine. of
seconds antly ansleth lap m@aobonémesasioaﬁum&ibe @fj’cite%h%éftféfﬂdgesa’ﬁdf’ s molten  peqq

si ze of, 3/ 34..9{ ;()J@paré@ Aipis mehruﬁé $&flcd lﬁ iftar @) circlia€ng ®&h ki 300Q widirdgveser e

th di t 40 C t t 24 h
Bl S LA Sho i T Bl ThegEh 24 oo

per cent age iipctdifte iﬁh@kasb@!ﬁ}%%e@éﬂaﬂmtmnl the ndhesineibondffaitsi The ahqat—&sl wer e

tested for each adhesi ve performance was conpared to
two differ &MPEEROHRERS gﬁe[a;;e §I§TGF§QI%T measurem%"(t)sﬁpom tions.
-10- WD 98/ 03603

PCT/ US97/ 12366 Peel adhesion failure tepnae - ; . . \
follo K A &liv! FB.aR 94 Qj w@@ﬁ@as@tfed H"ﬁc&dﬂﬁ@ Mﬁ&c followM@ﬁroB&d&fbed. in a
ea

gl ass | aced {1 a]E g%s air oven at t& hcateAFt
(135[ er r | Cpneingh by pesvigeh (- S em ‘%~ 3£ [2R sheapOUT AN CHH TGRS FglR'ee R ?
portion of qthedrdhesh H?moftén&ﬁﬁteﬁb@l:ﬁparﬁﬂ) Twametabbaabo ute p2@ed)paatie! to eaciwas

d fromthe beak { t
Gar dner ColBrpgies port (TRE PG P ot Hiebernt LRE TR PP Meh 20

monitor ¢ hqmg em Hyr2.1 &re) Ispstshrebond eenterédiipetwerh gheapafyepms. A 100 gramgy weightist y and

Mol ten h 0 b”s%nﬁ{ § ERPES 8aNRh&1 The beams and samples are Shear
adhesi 3ﬁaf A cﬁ(jr%"{grlrb%:(rﬂa aﬁ?ﬁq y1“320r tﬂ ﬁho? mel t aedr?g g %a E§@rrpl es
c

24- 9lasedinmpaysirewating °éi€'b%§r386ﬁzlc§‘evﬂvf'l’1‘°f“ﬁé’a?'6‘1 IF HWeﬁbe A one
inch (2.5 GRLB¥s wntid tHeMlhesive boktyfald) EThepedl-fhikpmpbradre 1bdiﬂdv¢r@ge(ﬂ$}ﬁ'e¢:%f5ns
using the indicated hot nmelt adhesive in its nolten 10 state is prepared.
Sanpl es aré“%ﬁl‘ﬁ@‘“?)é?tl cally in an air circulating oven at 30[err]C with a
gi ven wei ght (typl cally a 500 gram wei ght) suspended from.the bottom
of the strip. Thepeatiet is measuretiémpmoanpevithghy lolewing arpcespres [Toe dpired el y 30

m nut e “”%dgdﬂﬁg@e@?@}k 2t 300 (fﬁbtﬁ AT NEInaNBAs mERi28 cm by 10 dripReE 812 € i S

the av age o neasure

failure terpp&raft (Rost Texdinard” cAvattab (‘fé“) ﬁ(‘?}iﬁﬁpﬁckﬂ%%()ﬂof’gi’n ﬁﬁé ‘ﬁg{gced ﬁ?{} 15
adhesi ves cgf,deE;g)amJi @sh 245 68) twas ofteasuvitachdt mel ediesidaingdaced oto thedodrd| | owi ng

e L

to case car Ive in its nolten
state is prpgad'dspladaddibeesidd dotwamrtp the beag lofadbesiysarTaE Siaip it gnesdiagely rolled

30  with a 10 pound (3.7 kg) roller. Additional strips of the "Post Tex Board" are applied and
rolled every five seconds, until no bond is made. The 11 inch by 4 inch (28 cm by 10 cm)
board is held securely on both sides of the board. Beginning with the first applied strip, each
strip is slowly peeled, until no paper tear is achieved. The time is seconds beyond which point

paper tear is not uniformly achieved on the contacting part of the adhesive.

35 Close time is measured in accordance with the following procedure. The desired hot
melt adhesive is melted at 350°F (177°C). An 11 inch by 4 inch (28 cm by 10 cm) piece of 24
pt Kraft "Post Tex Board", available from Huckster Packaging (Houston, TX), is placed clay
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other two inches apart. The prepared sanple is laid across the beamw th
the 1 inch by 1 inch (2.5 cmby 2.5 cn) | ap shear bond centered

bet ween t o 98mBstizans. A 100 gram wei ght is 20 pl aced on pépUSYIMNSEE by 1
inch (2.5 cmby 2.5 cm) |ap shear bond. The beans and sanples are

pl aced i Ri@ApaATl GEK @ M) beg GTuRNmalkenIOf ALK hdhesiVOR pPAEdoM S IRGLAWUAY | S

i ncreased 5 er.r ever adhesi ve bond fails.
The peel "I'cg M ﬁ'@?ﬁ)@g Yq "é“%tsﬁé" %{\}léerrgétg"é&%?ﬂ kﬂl}?‘e{@ g&f*’ﬁ 1s placed fipersifleanent s.
Qpen t i neloiva oneabaisead amdm anmedxdalucelledmtxm th ) fomhd (Bull k) rtﬂle@CRﬂw %. The

dest 1 gg Nelond> ﬁtezsgep :%P%Q@d‘%gkh\é%%gmgﬂ& §hnBhaePRUES §as il Bk i |

Boar ds, df/pdpentoérds fahinvedsiGddss eame Pé@k@gﬁﬁg I¢ssiolipapen teaﬂ')()lpt aC$1ep¢ct1tiedescl ay
si de up. |Ae$edté?lc Ratidg P0 Eéﬁnd@%@ﬂr@;feeﬁ&eaﬁ? leifeEsftigh Olthe'iré?, lrS c%hﬁi@d Nrﬁll Egbcpl aced

onto the board After secon fs a 1 'inch 4 1 nch cm by 10
cm) strifeats achigvesly Npte, Romag iampf\; dpvepg infmite closgime. G"C}i"é Pfﬂsﬁﬁ'éff“ﬁf‘b‘ér si de
down ont adkddvehiead of adhesive. The strip is inmediately rolled 30 wth a
10 pound (3.7 kg) roIIer Addi tional strips of the "Post Tex Board" are

applied and ver i n unt | The 11
inch by 4 inchp—af’%[égc”s lb‘f/asﬁr T #ordancgﬁtgg%aro owing ‘é’F?ijn‘é gl&ﬂngegﬁa‘both si des
of the borealthdh&esi inmiehed anB8WTF (W7 °€). rAst 1 laipgh b)eﬁmslt (28pm byakfrem) pieceof B rip i s

sl owly pegkesh "paSiTex sagrdpamsabteer%m Hﬁc@&hp&wgﬂg (mcastsa ) % ﬁ beyond
whi ch point nog ifo achi evéd oh tacting

part of tSHEYad I‘?‘e’si"ﬁ'é(zps ?’,‘5) bead of the molte °6§’§ ‘f“?l\"rﬁ"? 0 Pr‘?é%l%?ﬂ‘éﬂ’elbﬁaréc’&dr dance
Wi th the ifdhl byominBIg(2 e Bl WY @n) sTipeofirs24 @K rifdtPost Tex Boaftielid plavdl 6i5érsael s

o cce of 4o oni thdbegh kel UG Poufa 1R K R b e
Packagi ngnifitiquapéraear, afe) 5 sdcends] the stdp ¢ pgyled in the same manner as indicated in the

-11- 'Té‘é‘g%me“t of&&ng%/m%:gﬁgigthe amount of tpﬁapfr tear belr%g vbsualld obfserveﬁi In the case

PCT/ US97/ nol ten hot
mel t adheil§day ipopy taewatémpép%f frar, H&Pa%‘fep !Smaimamed at roopyigrRpgsgtuee fpmiddays 5 cm
by 10 cMangtisthéh &fexea hﬁth2€arﬁ)& mafinaf 4s indheasdd il me daeaﬁ.dauoh of [Hlt«ﬁﬁ gsbef teBernsi de

down ontog,the b t el roIl R 7 k

rol ler. ARG®re8 P e pape§ zeéo%gﬁ%’%?f o &Y mﬁ"" as"e EPO El}e érjrg(ﬂ??é'nne?) as
i ndi c2at ecpeblad irthe m&suawnmnnmﬁate@pemeﬁpmm&on of fmtpapeirmtckaroms achi eved,

C ose Ti Wsrabe?atﬁresp%ﬁm&? B ealifSSe, thlef vam@p@pronwmhea%eagetof%%e RYRGrenlehS. t €St

is repeated. walt’ 10 seconds before peeling away the strip. The test is

conti nued unt'll’en%%p&&stalhmgmﬁﬁﬁrcalcﬁlaﬁﬁmlfﬁ‘{ﬁ‘étzqume sone sanpl es have an

infinite close TINME, such as pressure sensitive adhesi ves.
Paper tear is measure in accor dapereenii(A/298d/e} 19Gwi ng procedure. The

dest red NRLukd p(e&cgﬁdctrqg,@';agg'm\é%ac%mwstaﬁg, ggma?ﬁ%p%se;h?w@ WAl fsbfrbrafn 11

i nch by inc ex
Boar d5, cetlailénalih douflaspen graro KEg)ews dRammkinggi bydgti ﬂfmrstsymmr@c)alonmtrpﬂa%@)d cl ay

id | t d
ilnt g ,l[J E N @5%}:88{] & '&cénnmg ca]n.}lmet C)h&%scg) Aitag%a&%f fgxgralggdttg;}:‘fafﬁygaé ngh s%:tn)é% 65 %*g? g‘e o4
pt Kraft alngmtimipan, Babagdhe samppl tad 6P C ¢doding thie denple at 10°Clovmarchthoretdrdingdted and
I's i mredi eaf\tdgtklgm{ l%ll lcggnu\{g ttromt%gc %o I&QE td 1 Oc’élm71n Egl)ng £ Perlu rl:"Jmerrbé(?| $ case of

FIGURE 1 is a three axis depiction of representative hot melt adhesives of the invention and

30  of comparative hot melt adhesives.

FIGURE 2 is a graphical depiction of the average initial paper tear for representative
hot melt adhesives of the invention and of comparative hot melt adhesives, with the points

indicated corresponding to the points at the same relative location in the triangle of FIGURE 1.

FIGURE 3 is a graphical depiction of the average 14 day room temperature paper tear

35  for representative hot melt adhesives of the invention and of comparative hot melt adhesives,
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15 initial paper tear, after 5 seconds, the strip is peeled in the sane

manner as i Rghoegbsdai n the measur enent of Open Tine, W phrhlye7a88s Nt
of paper tear being visually observed. In the case of 14 day room i

tenperature,,. : . I Rl | nt. erature. f 14
days QNH]BIQQFOIEEQE(}%C&[%@ ﬁoZrhgﬁoﬁdxtx%téﬂgg 0Ol rrglﬁﬁee srame ggatwgtl%cg{)%rhm ﬁ t{lﬁ%ge
det er mi nat idFIQ¥REAi ti al paper tear. In the case of 14 day paper tear
at 50[err]C, the strip is maintained at 50[err]C for 14 days, and is then

20  peeled In tmwmmlsmegamncaa&picadﬁ 60hE8k chdde | H@ay{Bh&N 4R Redob@Ro0f T N ti al
and 14 day r r tear n each case, the val ue

bsirie SrBEkS ’

report ed |sre‘frﬁ§f"§’{}é‘? téfijé“%tfa Frived of1as IyFios Apdiof comparative hot melt adhesiyese ith
cryst al Isi nithe/paisty irbiécats|cotrespbmdingottire dofires & ajuashine relative location in the triangle of

per cent C—(A},lé%%EJ g) x 100, i n which percentC represents the percent
crystalllnlty and A represents the heat of fusion of the 25 ethylene in
Joul es per gram (J/g) as determned by differential scanning calorinetry
(DSC) . Di fFIGURE § isla gsaphieal degiction ofthepsreept rpSWiniydasdetenmingd bgener at ed

by pl acing o@@&@ntﬁ@@hﬂn%él%eﬁﬂm@)) of the foﬂdﬁﬁoﬂ%xﬁﬁg% enfAGOd Ii.d?g-;ehhe sanpl e

to 160[err]C, coolin e.sa err]C/mn an e recor

endot herm Wh§bvﬁﬁﬂftﬁ§ IVERHAD- a%@f’@?‘ﬁ"]"@’“f’éﬁe hotorelt 2ehesives: W!be’@rﬂ‘)]"@'ﬁﬁ"ﬁat%l ng a
Per Ki n 16l nebrré¥pbnding to the points at the samefrkidifdHodatibs indhd thiamge SXFIGUREDI Ct i on of
representative hot nmelt adhesives of the invention and 30 of conparative
hot nelt adhesi v cal . depi ction of

t he average i ni tlﬁglmgaép'éa Pltgfmels wscos'ﬁgﬁrﬂowf fvrsug{em%mmﬁ ﬁgfefe"éﬂ'r’(ési ves
of the invdunt mglma@twdwcﬁofdhmpmnapm el df@pmmtttveadhmsncmebqt uwittalihdstves.poi nt s

i ndi cated corresponding to the points at the sane relative location in the

triangl e of FI G4gE hbt melt adhesives of the invenfibrfddRbprise At%aﬁ o‘ﬂE ﬁ&mﬁﬁéougﬁﬂéaﬂﬁ on of

the average 14 d oom t enper.at ure paper tear representative hot

mel t adhes.sv%%a"e?’yx af PRIYRET “YHCTHA A" wcrmﬁﬂéfthvenermé et onshiae S0 @s,
-12- 15 olefin, and OpBoR3yQBRAA one wax and/or tackifier.

PCT/ US97/ 12366 with the points indicated correspondi ng to t he
points at the s relative, | og e trian 1
FIGURE 4 is a gﬂ‘%ﬁ?’é“m ntalgoﬁy&erﬁ%ho % 0 tdemateac%ﬁWé? oﬁéﬁ%rPo'Yré’%rr’ 055

50[ err] C f dike. Thatis, P@p@sesmtmrlcweomer Fﬁmotynudh@swmhmetmakenb%nt i on and
of conpar atih¥@oliffer.mel t adhesives with 5 the points indicated
corresponding to the points at the sane relative location in the triangle

gfer cent ¢ lr: ; gJSFI ‘ﬂj’ﬁlhpg"%%{lgm&étng?frﬁf ﬁ%bataﬂgﬁly?mear p%y%e%‘s’ Qn (e:t?yler%ep%lly%elro n of the

20  prepared using a constrained geometry or single site metallocene catalyst. By the term
homogenous, it is meant that any comonomer is randomly distributed within a given
interpolymer molecule and substantially all of the interpolymer molecules have the same
ethylene/comonomer ratio within that interpolymer. The melting peak of homogeneous linear
and substantially linear ethylene polymers, as determined by differential scanning caloumetry

25  (DSC), will broaden as the density decreases and/or as the number average molecular weight
decreases. However, unlike heterogeneous polymers, when a homogeneous polymer has a
melting peak greater than 115°C (such as is the case of polymers having a density greater than
0.940 g/cm3), such polymers typically do not additionally have a distinct lower temperature

melting peak.

30 The homogeneous linear or substantially linear ethylene polymers are characterized as
having a narrow molecular weight distribution (My,/M;,). For the linear and substantially

linear ethylene polymers, the My,/My, is preferably from 1.5 to 2.5, preferably from 1.8 to 2.2.

It is important to note that the ethylene polymers useful in the invention differ from

low density polyethylene prepared in a high pressure process. In one regard, whereas low
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differential scanning calorinetry (DSC)) of the fornulation, for

repr esent at i Wo 981360 t adhesives of the invention and OFCT/USYI2IR346i V€
hot nelt adhesives, with the points indicated 10 corresponding to the
points at the sambehemagdnucsllinemor Qibstamtiall Ginéak EMPGhEp A mdr WAVBE AL -

FIGURE 6 i s n’ﬁch!)l%nepgf e llene\évitﬁ%f) %as& Xne((g %[é%‘m Ere e%) V\éﬁ{xﬁtgﬁo{g ”Per a Ui‘?g for

representative esrves 0 JIFB&r ati ve
commerci al it apishst oadﬁwﬁzo@solef n (for instance, prOPyleTfhﬁohmb'lemalltbutadh,e!speneﬁe af the

i nvention c I nt i IIy

l'i near pol y?re%\b}\hﬁﬁﬁw Pgéﬁ’lnﬁqg? h%ﬁlﬁqﬁ%wmhgl ene&%}lh lenf w'tF P'Seasgﬂ'ée

d err] - d er CROPe¢fin, pamjculargy ‘éf“?aﬁf onaﬁ?a ERn-elsfiad heylgaweosr Efa@tred)ne wax and/ or
tackifier. The term "interpol yne is used herein to

i ndi cate a copol yihehomegengous lipgss pyspbstantighly t"l‘FéPob'mef of ethilene asafl hérein apet thoseast
one ot her Cﬂﬁmmpm%shfofﬂggsm%'b' @?%/cwt ﬂ'cﬁug l@ EhdnQ. @ﬁﬁ:wg’r}%d ore pr fer bly les

i nter pol ymer eneous |1 near stan 'I)F PnEEr
pol ymer is dnn@tsﬁﬂgécné p@#ty!rﬁmn R850 g/em rPleera@V gtpatgr tb@m@ﬂﬁiag/cméi Wlmtobysne
o ATl o G R b y hf les  STGPERREE 3 e
I nt er pohy meby waigecmltbe mwnsmbmbantcﬂ ebb/ INMRuid acedrdinice wnmmrrpobysm MoteaLieRBly

have the sa et hyl ene/ cono o.Wth rpol ymer. The
ol £ o pealedr oI STRIAS oristbal he merbotiht ibriletiban o Pt ST Ay PR
pol ymers, agrefteitdy picaRethiy 38pétan bptveight. scanni ng cal ounetry 25 (DSC),

w || broaden as the density decreases _and/or, as the nunber average

mol ecul ar wei ght Preferably,dhedhgsivecompgsiidenssomprisgsi "R’@mﬁé‘%"é?‘ﬁd@ﬁ%@ﬂ@bﬁ'@i’%rl@e“
when a hormqmwsﬁnapwms dR&Sctérized as havﬂ%latdaﬂgw A ulF @agﬂrd;&mo& m&«ar r ] C
(such as is the case of polyners having a density greater than 940
g/cnferty), molbxdispewity k?éwWh)))Eﬁsé*&F‘laWLﬂé noteferakdy froomboyty-Shadd. anddnete pm&trably
| over tenperfgénl('rl%tozz as langcgb ﬁﬁ%erme‘%@on chromatography. The hom)geneous

| i near or substantr al I’y near €t ene ynmers are’ characterized as

havi ng a narrow ifb¢ whlllallexvlelag’rﬂo @Df&ftﬁrq *@mOEmo'(SI\V[nem‘rOﬁW{senmqlly lmFaJreﬂiylme

| i near and tanti I err
is prefer ab?&?%er is ie?{.)r l%f%frgmgoo 5 e?ﬁfg/lgwxf lr%greé p?&%rxggrﬁgmz‘&)a?o MO% ml\@\ an
[t i s inpor mastpréferabiytfeont rsm:otmeo gibydiene pol yners useful in the invention
differ f(gl n one P"gég\?,vragg%a?s@tf %ix}) antlgpy hrPearl taéix"p% ynltei;']s pai-ett;raggle?(n lstssalljr €

process

-13- Brookfield™ ME 9i8£d§ﬁﬁﬂ350°1"‘ (177°C) (using a spindle 31 and a speed of 1.5 rpm) of from
PCT/ US97/ 12366 density oI g gkg e i s, an ethyl ene hormg g r
havi ng a def@PR sPsdf0 grmsiem srsendHiogbys 0 cps (180 ezamsdrpsecopl Rst| Fiem

pol yners usehod cpsn(sohamsn¥@REdoRE) E@rwoomp; RETORFRSABRBRhdB ﬁe&mt’)lymm

7,000 cps (70 grams/(cm-second)) to 16,000 cps (160 grams/(cm-second)), and most preferably from

25 8,000 cps (80 grams/(cm-second)) to 15,000 cps (150 grams/(cm-second)). Melt viscosity is a
preferable expression to melt index for accurately describing very high melt index polymers.

In another embodiment the present invention may comprise a blend of interpolymers wherein

the resultant blend of interpolymers has a density of less than 0.895 g/cm3, preferably less than 0.885
g/cm3 and more preferably less than 0.875 g/em3; greater than 0.850 g/cm3, and preferably greater

30 than 0.855 g/cm3. The resultant blend has a viscosity from 5,000 cps (50 grams/(cm-second)) to
18,000 cps (180 grams/(cm-second)), preferably from 7,000 cps (70 grams/(cm-second)) to 16,000 cps
(160 grams/(cm-second)) and more preferably from 8,000 cps (80 grams/(cm-second)) to 15,000 cps
(150 grams/(cm-secdnd)). Each interpolymer may therefore have a density and/or viscosity/melt index
outside the preferred range provided the resultant blend of interpolymers has a density and a viscosity

35  or melt index within the preferred range.
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For qtﬁantﬁlwa@qta}@cw% t§YBiEmE i 'é?‘?ﬁﬁ‘?éi"ieb’nha"%’éé homegengqys {ingag Sruclyres  pat ent

(N(Z)SB) 25 Hgggge%e&ﬁﬁlnaﬁdt@lean?/&r&m infeggdtiaders z(rRa)trenMaﬁJaMHD& frorﬂhﬁfﬁhl PhKS C29
&3), p.,285 ghain

br anchi ngpﬁﬁ@c?neém 2‘&"“’13@( ‘é'igl;r ﬁﬁgﬂ%ﬁ”%e Pfabmé ?'é‘g%%'% é’é‘) 'é Y Zi mm

G H and @tdectumtrgdsname\/'Ekactl. Chem Phys., 17, 1301 (1949), and Rudi n,
A., Mdern Methods of Polyner Characterization, John Wley & Sons, New York

( 199|1) dpp t ﬁ03sﬂgs?annww mandétﬁﬁélﬁﬁz sleﬁn ms&p&;mase&rea%amarrbmrmromeemaaphy
coupled w a

t sca
and g%q pg?'ﬁﬁﬁ’tylaéﬁﬁé‘l‘l‘ &gﬂp%ﬂ?stomers @atﬁbtraila ?Waf gthé ?cr. P%f 1B &-[tcfra?lymers
Vi sconet emaylbé prepared (n@EorM)e with the techniques describedSu hsS. @atentaNid. §,272, A¥eand in U.S.

et hyl ene gﬁlﬁﬁ‘?ﬁi??ﬁﬁ urther characterized as having a nelt flow

ratio (I[ Whi ch may be varied i ndependently of the
pol ydi spersi tyyj %malgmlar'\ﬁﬂghqp ymers ma @Pl'ngﬁzéjllngf:co\‘\ﬁ%h&m:tﬂjth§Eﬁdnﬂi@sgﬁﬁm

Merr]/Merr] I s feature accords substantially |Ii1near ethylene
pol ymer s Wdt”hlﬂhthﬁif’g??e%@rsébf"ﬁ? b}P¥cessabil ity despite a narrow nol ecul ar

W]e-|49 ht distri blﬁle ?:rst polymer may be suitably prepared using a constrained geometry metal complex, such

as are disclosed in U.S. Application Serial No. 545,403, filed July 3, 1990 (EP-A-416,815); U.S.
Application Serial No. 702,475, filed May 20, 1991 (EP-A-514,828); as well as US-A-5,470,993,
5,374,696, 5,231,106, 5,055,438, 5,057,475, 5,096,867, 5,064,802, and 5,132,380. In U.S. Serial
Number 720,041, filed June 24, 1991, (EP-A-514,828) certain borane derivatives of the foregoing

30  constrained geometry catalysts are disclosed and a method for their preparation taught and claimed. In
US-A 5,453,410 combinations of cationic constrained gecometry catalysts with an alumoxane were

disclosed as suitable olefin polymerization catalysts.

Exemplary constrained geometry metal complexes in which titanium is present in the +4
oxidation state include but are not limited to the following: (n-butylamido)dimethyl(nS-
35 tetramethylcyclopentadienyl)silanetitanium (1V) dimethyl; (n-butylamido)dimethyl(ns-
tetramethylcyclopentadienyl)silanetitanium (I1V) dibenzyl; (t-butylamido)dimethyl(ns-
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Exemplary constrained geometry metal complexes in which titanium is present in the +3
35  oxidation state include but are not limited to the following: (n-butylamido)dimethyl(n5-
tetramethylcyclopentadienyl)silanetitanium (I1I) 2-(N,N-dimethylamino)benzyl; (t-
butylamido)dimcthyl(n5-tetramethylcyclopentadienyl)si lanetitanium (111} 2-(N,N-
dimethylamino)benzyl; (cyclododecylamido)dimethyl(ns-tetramethylcyclopentadienyl)silanetitanium

(111) 2-(N,N-dimethylamino)benzyl; (2,4,6-trimethylanilido)dimethyl(n 5.
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30  typically be 0 : 1. When the desired polymer has an 15 of 1000 g/10 min., the hydrogen:ethylene
molar ratio will typically be from 0.45 : 1 t0 0.7 : 1. The upper limit of the hydrogen:ethylene molar
ratio is typically from 2.2-2.5: 1.

Generally the polymerization process is carried out with a differential pressure of ethylene of
from about 10 to about 1000 psi (70 to 7000 kPa), most preferably from about 40 to about 60 psi (30
35 to 300 kPa). The polymerization is generally conducted at a temperature of from 80 to 250 °C,
preferably from 90 to 170 °C, and most preferably from greater than 95 to 140 °C.
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30  copolymers and terpolymers of propylene; and rubbery block copolymers including those having the
general configuration A-B-A triblocks, A-B-A-B-A-B multiblocks, A-B diblocks and radial block

copolymers. These additional polymers may be used in amounts up to about 20 percent by weight in
the adhesive, and preferably up to about 10 percent by weight in the adhesive.
The waxes useful herein may include paraffin waxes, microcrystalline waxes, high density
35 low molecular weight polyethylene waxes, by-product polyethylene waxes, Fischer-Tropsch waxes,
oxidized Fischer-Tropsch waxes and functionalized waxes such as hydroxy stearamide waxes and

fatty amide waxes. It is common in the art to use the terminology synthetic high melting point waxes
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located in Smethport, PA; and Petrowax® 9508 Light, a 90°C melt point wax available from Petrowax
PA, Inc. located in New York, NY.
The synthetic high melting point (HMP) waxes useful herein are high density, low molecular
weight polyethylene waxes, by-product polyethylene waxes and Fischer-Tropsch waxes. Preferred
30 waxes include Petrolite® C-4040, Polywax® 1000, 2000 and 3000, Jow molecular weight
polyethylene waxes available from Petrolite Corp.; Escomer® H-101, a modified polyethylene wax
available from Exxon Chemical Co.; Marcus® 100, 200 and 300, low molccular weight by-product
polyethylene waxes available from Marcu Chemical Co., a Division of H.R.D. Corp. located in

Houston, TX; Paraflint® H-1, H-4 and H-8, Fischer-Tropsch waxes available from Sasol-SA/Moore &
35 Munger in Shelton, CT; and Petrolite®PX-100, a Fischer-Tropsch wax available from Bareco.
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than 150°C, the waxes are useful in amounts from 0 percent to 40 percent by weight in the adhesive,
preferably from 15 percent to 35 percent by weight in the adhesive and most preferably from 20
percent to 30 percent by weight in the adhesive, and may be used in any combination. However,
waxes are useful to modify the rate of set, lower the viscosity, increase the heat resistance and

30  improve machinability of the finished adhesive. Thus, the amount and type of wax used will be
determined based on those factors.

As used herein, the term "tackifier” means any of several hydrocarbon based

compositions useful to impart tack to the hot melt adhesive composition. For instance, several

classes of tackifiers include aliphatic Cs resins, polyterpene resins, hydrogenated resins, mixed

35  aliphatic-aromatic resins, rosin esters, and hydrogenated rosin esters.
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Pol ywax | wsinfests0gso Qellgmafc{)retHe}cuﬂdSOSylmtaic%my\md(@%raﬂ} SQQQGd 9520l riysrepoint G6keh has

a rmg Cuic%s available from Arizona Chemical Co. and Foral AX is a 70°C melt point hydrogenated rosin acid
available from Hercules, Inc. Nirez V-2040 is a phenolic modified terpene resin available from

Arizona Chemical Co.

Another exemplary tackifier, Piccotac 115, has a viscosity at 350°F (177°C) of about
1600 centipoise (16 grams/(cm-second)). Other typical tackifiers have viscosities at 350°F
35 (177°C) of much less than 1600 centipoise (16 grams/(cm-second)), for instance, from 50 to
300 centipoise (0.5 to 3 grams/(cm-second)).
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16[ err] C of wapsaizso3 0.97 g/cnferr], and a nelting point oPCT/US97/12366
approximately 126[err]C. The paraffin waxes useful herein

are those havi ng [FILI‘SIQIII Haqnc?@s'+1:?6?&&&9&@%4?861@%&%@ tf%?%ﬂ%&esguaﬂqn?%%&; 1C to

about 85[err C arartin waxes are OKerin rom
Astor \Wax 1B 'CCQSB‘PTEOMaICPE?ﬁ “L Bangtachk ™, HliBsz Ry QuintoneBaTackipll 'y ¢ts. F¥emplanai | abl e

from Pennz Me&@éﬂé%&n%de thrase avauabldrmﬁtme:raa’aﬂes@naz:bEQNi?egrfa,fn‘.dcelﬁeak 1297

| abl WA X
avai | abl o PIGERSLZeRaETarar VBl DrfOpnse i BoREa pattpvaiable wnderin
O her par afriderdemgm»oesEsqomletlérmk‘e§IMT’F,am &ExemplaryGRixbhaliphativdaromative

duct A
e g R o e Ao
CP Hal | 12AR"pelmaf¢T“hNorsnmeTHdé Marn‘earcfﬁg‘\rﬂsm’ﬂt’\ﬂ,&umtone’”, ete4 Gtlear tickifiers
(62[err] Q) . apy¥ g??l%?édt ¥ro@¥de3§l@{/ gxrercl)ﬁpﬁt%% with lhg%oﬂt)%eq)egus(?ﬁggr loPQibStEntfafy 042

grans/ (cm seton specific gravity at 73[err]F (23[errfC) of
0. 915 g/ cniirger §thy "-"e/‘l‘deﬁ“ interpolympRand e W@ r yst al | i ne waxes useful here arc
t hose having 50 percent by weight or nore cyclo or branched al kanes
with ajd engt h ofn befaieeibodineatthd 6t melt athesive Witichg p&’p&re@]&ﬁ’lﬁﬁtﬂhﬂe}bsé&%

boints of GPedrer TRDHR DBt - SURLST FRHE, AYERBeH M Raiodi GO "D
Wax, a 70][ edrrdsioniof hietiragicpbéquipmen aad/@anh@twleeaaﬂw@maqurfmm teeyc@squaperlp@bat ed in
Tul'sa, OK g%e@ %Elgsrl\ye]s wﬁ%ﬂ& ﬁ nﬁ%E uw tac‘ﬂlf%%[a% £dv91t%t)|§s Wér@&ve%é(

avallable?rom areco in Chicag . Ckerin 1 an 80[err]C nelt
poi Nt wax m@eﬁpratﬂe@er#lhdmdﬂgp6?8@@%005%6&"8*9%@&95@%%1% "éﬁ‘fd*dhﬂésvesw"ch Anmber
Waxes gnd BeHimiZelthe @@ BOkigEds M1 BEibit p@rmedmaﬁmmfa&san)almatmlmmmboth

mel T poi nt PLBE EodPIAN Ge PR aRrRATEr ATy A48 et If BOBN Gertep ity ] ©
fSnret hgo;t , aifdAnoprefBiablydevaxhad 30 8 elghgpercenttafiifier w]leNeYrméftrrqdovhw 1M/a§tesae@i_ﬁﬁl abl e

rom Pet r onax oc e
synt heti ¢ P'reg?{e I;melh[ot mAIt adlwgwe kr\_wgga?gtaétgr &Iﬁ \Fﬁfdﬁ

Xes us herein are high density,

| ow nol ecul ar X)Bf%agﬂéulaqg'l fXﬁ%E‘X&%@t mms oPie mvgrq}éﬁtwhmlayﬁuhyﬂl@fb? use at

waxes and Fi scher o 1 ropsch waxes. Preferred 3 waxes i nclude Petrolite

C- 404020 Polopnapplid 0o ter@@dduran the3ddes vel Qﬁ\therm¢se@tu¢\an"%e\i"¢jwpmpnscs tackifying resins
pol yethyl ene waxes availab e, Hrekdbly from 20t
modi fi ed pBli f/%?hn a}n amoun Forlx(?Ofpgrgmt ?@ﬁd@%réekfb}méléggi%lé% e,?F y from 0
Mar cus[ err k5 pétOent BQ@eEghde&Oadhmw nml-eem-uﬂeablwﬁmngm pdasenp’aocSG percent by weight in the

pol yet hyl ene waxes avail a n;é\/a [%V Lon of H R D
Corp. | ocafdysive and most %’g@g@d{ °ml' PEET" ﬁﬁ%rﬁercﬁptfy Vﬁ.‘&{'?g‘ ?—(ﬁlgs ve
Fi scher-Tropsch |Ia S350 MU rdaflox
Shel ton, CT; and\\%&vﬁ)f‘icﬁ 'fﬁ'dams i 3’& Jer3§ Tr ‘%Q’gg%(e\ﬁa% il gﬁl ’e.réar om
Bar eco2s5 ™ 1076), phosphites (e.g., lrgafosTMIGS)) antlblock addmvcs pigments dyes, fluorescing
WO 98/ 0360§ ents, and fillers, can also be mcludcd in the modified formulations, to the extent that they do
PCT/ US97/ 12 Preferred vvaxe(i pa (H)CX rﬂigﬁ when it is
desired t o“ﬁ‘r‘éiﬁéfP@ wikehe ghapgs forgyiation prgeThes dirrgvered BY APRGEHt i on in a dual
reactor schenme, will be honbgeneous waxes prepared using a constrained
geonetry or si n@tgbilidet endoamtiotiysits aaaadded tngrotetteheadbesidfropsdegradhtionscapsed set
forth abov%v ?‘e@gtnons w:B\ oxygen which are induced by such things as heat, light or residual catalyst
30 from the raw materials. Lowering the temperature of application as in the present invention
also helps to reduce degradation. Such antioxidants are commercially available from Ciba-
Geigy located in Hawthorn, NY and include Irganox® 565, 1010 and 1076 which are hindered
phenolic antioxidants. These are primary antioxidants which act as free radical scavengers and
may be used alone or in combination with other antioxidants such as phosphite antioxidants
35 like Irgafos® 168 available from Ciba-Geigy. Phosphite antioxidants are considered secondary
antioxidants, are not generally used alone, and are primarily used as peroxide decomposers.
Other available antioxidants are Cyanox® LTDP available from Cytec Industries in Stamford,
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Exanpl es bel ow. Such polyners will be either ethylene honopol yners or

I nterpolyners of 5 et hyl ene and a conononer which is a (Jerr]-Cerr]

[ err]-ol eMn98/0368% ene, al kyl -substituted styrene, PCT/US97/12366
tetrafl uoroet hyl ene, vinyl benzocycl obutane, non-conjugated di ene, or
napht henica, anﬁl%fa&ﬁ:@)ll&ﬁ‘w%avaxlable frdoh Adtrenatlf émrp] in[Batan| RampefliAn MinySitherene, and
nor e pref I The
homgeneousﬂma&s a?élﬁ%?a{blgfogs% bﬁr]the%/rﬁélg%)séglj 1§cbr?b1§gt6)r1 é,vxtqul_.heé Sus h as to yield ‘
t he desi ptipxidants. Whep employed. Segstionjdashiy tmmﬂbptesmm@m ammouanttess thae0tS adhesi ve
f or mul at 1t R8s thin 0.2 RRIYENERAL Ba viscosity
at 350[elr“}r31§ tlJ-P)‘&’M:glr—érfé/mbS,mg no noreigtnhﬁ 1080%é%meég?lgge¥&tgf%%§lo

gr ans? ( cMcse preferabl y no nore than 800 centi poise (8

grans/ (cm second)) W th honbgeneous waxes having a nelt viscosity at
350[err]F ( 177l[heh6t]:ﬁ‘élt athediee mqrfenhéranmﬁ:ﬁﬂa ag @ilt quﬁ)mseypucauy empfoyed to

/ 1y h
Tt | CPBEERE Gidoslly L s MRl 1‘*BJ ng’@f"%? olffphesesidtBn 21 Y porse (1
grams/ (c musmu dml)h)an 16 mcfelablwe%athah @, mBre prafeGblydess thaois veighl pétcent,

grams/ ( CMS@@%RQ v)ei'l\%l'maf fhe %bftﬂhéi?zldlhilsx@t éx%ﬁl&ry%se@@ﬁ&risﬂ%l%@ v{rt&te% 1|n_.eral

grans/cnrsecon waxes avrn VI SCO

(1770@r r pi)(sush a5t KpyplTon (yailable fTO%é‘HFPbé‘?‘%%’e {iBexg %‘s’?%b‘ﬁ?@‘é@‘bnd) ) being
parti cul avaiatit £6:8Sheid Ofircampaig. %aﬁdmhma:@ﬁe cprdze@ms the adhes3f CREPHBIE S -

Such I t.rast t ly h
V or r] 1 VEER fotpel SR8 el fiealal R B PR i, RS R By ©
The honogmplges wax will have a density of at |east O. 885 g/ cn err],

preferably at | east 0.900 g/cnferr], nore preferably at |east 0.920
g/cnjerr]. Thqhgﬂgﬂggpﬁﬁﬂévwth‘é"rNenM"rﬁay%eSﬁ%%ieﬁlﬁy standard Mt BendiRy € than

0.970 g/cnferr], preferab no nore nore preferably no
more 15 procedpses. 4n 9%“@]%% homoggneous 'mear°fsubriarttai'wr1°&rrt9y‘rrf RoBEEase” of hot

mel E ad]h%lxvzﬁﬁ opfbrautaakifiek(s) may de azhibleadeda a.t aBWdaéereeau:@f(frbxﬁS S0 to t han
150[ err t s are Ln,amunt s fro rcent to 40 percent by
wei ght %09 #é"ﬁ%%égf'\?g gas Hla'ﬁ‘ey""rte Bempgeneqs B P g%gr?:e‘g?y rg tf)tgr{:ent by

wei ght i mrctdlqenadhespwcandblqmgvthwd?&fmm the hotonglx@mponents ipsatisfastoryt o 30

percent Ry VRindBhoH e Eﬁ%fﬁqg:f@d%%e] @d%g)pg@wltﬁ)@smd in any combinati on.
However waxes are useful to nodify the rate of set, |ower the

Vi scosi ty I ncrease t he heat Si s and ove machipability of
the 2Pni shed ddHBE: the ”#Hﬁlé’mef(ﬁ w%ﬁ@uzﬁﬁt t'P%@CW%Pﬂé’éﬂrW‘f?t‘be Y

det er m nedebtmﬁ\ca&ethesmtbammsmesubstraze As used herein, the term
"tackifier" neans any of several hydrocarbon based conpositions

useful to i ”p%tme azftghma{r? W&kﬁ?uam' thoﬁ'ﬁq bﬁé%ﬁom%% %CIE Qf wfllrb%t ance,
sever al lers I nc e allp

pol yter pem‘enabls |tmrepzrr9m=cbg@mlt atpesivesupiag a Ayat E‘GC‘SQ‘%E‘}'E‘FP%??;{V;‘E E%f‘;f R’:ﬁ iC
resins, n@foPerReiAntar FRGbsMHEIBARRMN B idn0 BbIPmESIraa% being produced in the first
T as reactor, the other of the homogeneous linear or substantially linear ethylene polymer or wax

being produced in a second reactor, and a tackifier optionally provided, typically at a point

after the second reactor, via a side-arm extruder. It is noted that the reactors may be operated

in series or in parallel. In conjunction with the process of the invention, hot meit adhesives can

be provided in forms such as pellets, pillows, or any other desired configuration. Examples of

30  such a process which may be adapted in accordance with the teachings of this disclosure to
prepare blends of a homogenous linear (higher molecular weight or ultra-low molecular
weight) or substantially linear ethylene/a-olefin interpolymer, wax, and optional tackifier, are

disclosed in WO 94/00500 and WO 94/01052.

The resultant adhesives will typically be characterized by Brookfield™ viscosities of less than
35 5,000 cps (50 grams/(cm-second)) at 150°C , preferably less than 3,500 cps (35 grams/(cm-second)) at
150°C and most preferably less than 2,000 cps (20 grams/(cm-second)) at 150°C making them ideally
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Wil s Pl GO, Sifdfide GRYSEITY Y O R e Sl MG
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Per mal yn 30&tedokrft XﬁdHhil}iBabrd[mﬂchtreghted versxolmf)tﬂesewmnaasv a'hbsalaﬂlezsifvamy also
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(177[err ] Clirestlyad ohipboard or krafsmghe-eisencs of alumpue foil aGes ¢f é’ﬁ‘i‘%”él&ﬂﬂﬂﬂj’)‘he #i pepld
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Examples

The hot melt adhesive examples of the invention were prepared in the following manner. The
adhesive ingredients, other than the polymers, were melted in a forced air type oven between 150°C
35  and 175°C. The polymer was then slowly added to the melt in what is known in the art as an upright

or lightening mixer such as the Stirrer Type RZRI manufactured by Caframo in Wiarton, Ontario,
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WO 98/ 03603
PCT/ US97/ 12366 Exenpl ary aliphatic resins include those
avai | abl e W@@®Pp360Be trade desi gnations Escorez [err], PRTBS8T/HSfer ],
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under t h@mgoth af’Féta'@%fé%‘?‘tjna ¢ Hhigx I Fray Pp adddepl eithr unirfeshe meltiay sageompmxpg
etc. Exer;g, agydm,,ﬁa,gmal i phatic-aromatic resins include those

avai |l abl e under the trade designations Escorez[err], Regalite[err],
Her cufes| er r] ,Unless othepppeeingicated, phsyhomjogenepus Q‘b'ﬂ%’elpelmm[:emtx]izd&'lm the HMA’s ofthe

Ve bt <3l 5 KA1 el BBk Rt b FROBEASIM hEhBpamu o
subst ant |PatehyNos 5,272,R36welrs, 278 272 .elmahd @use ¢f-thd a@fyleneioatends mﬂyrmehamgoh dehﬁtyvhﬂ

10 [ th ot ' I

pr epar ed Ovﬁsf;ﬁocﬁ‘f 1’ﬁ€"u%8f %pr&%l'%n{mﬂt Véslfi?ﬁ"ﬁyéf3§(§§}: g\liﬁ%?#ﬁqor%F Q?fﬁant ity of
tacki fi ergranMcfr@d&kdnﬂ))E Rise zﬁiﬁﬁlvaﬁicﬂld@! dﬂﬂﬁoyeﬂ @a¢l d0Q peAMAS as a catalyﬁQWQr?!'Z@ﬁb of
rrechanl cal equi grrg{] g gnnot be easily separated fromrecycl ed E

pul p 10 ppm Ipganox 1 {010 hingered phenglic ?,’Woﬁ‘idf’ﬁ‘vaéabﬂ%%‘”ﬁé:é’a&“&yac%‘h? ‘@S%Ofé

advant ag REHyFene VBl ROYBYmer@Baving a dcn§lﬁﬁdf|0f8'7§ Bemd anamizlar SO0 At GRANVALAGY AP

at el evated tenperatures, hot |t adhesi ves whi ch mnimze the uSe of

tacki fi ers0W qfl I8 hres ({89 &'ﬁ?‘éfﬁ@ﬂsqc?{&)}}iﬂ degsityif 0i863 chﬂglﬂnw Ip of 4P/ L0ergin.
havi ng | gssi b Raskig Gt yy@bx@ht77mro¢¢m4melﬂdvl g‘?Jms/(gﬁ\%E(%Fl@? ¥n aea%ﬁs.gm s%ﬁ t

wei ght percent tackifier and nore preferabl an 1
percent ek dnden 12 of 1000igdl Opwinf (grehterdbeoditg at 330°K @7a‘%§§|0f%(t00tcps (90 prepare

the i‘igt Ar&s/ﬁ@f#ﬁ% nl\éa), fu% £l J\%Qhacrkg%eﬁth&rl(ggﬁ Q/fai %J at I r as a. catalgst kill and 2000

However, “part esl v he invention Irch are
sui t abl e pporirgagsex &t hind@ged pHemA;cappdmutaatl on tenper at ur es, the adhesive of the
present invention will conprises tackifying resins present in an

anount from 10 percent to 60 percent by weight in the adhesive, preferably
from 20 tExamples 1 and2:Per cent by wei ght in the adhesive, nore preferably
from 25 percent to 50 percent by weight in the adhesi ve, and nost
preferably from 30 percent to 45 percent by weight in the adhesive.

Addi tpves such as antioxidants (e.g., i‘gggr ed phenolics (e.qg.

| rganox[err] 1010, Irganox 25 [err] phosphites (e.qg.,
Irgafos[erf| 168)), antiblock additives, pi gnent$ dyes, Tluqgrescing

agents, an& fillers —can alsa he |nnludpd Lo . the podified flormilationsy to
the extent | O30/ 10HEMI Eéiylene/()ctemﬁonqlwwfere with the3&nhanded fothul at ijon
properties rt’é At Stabttitzet et

ant i oxi dants are adde o prot ect t he adhesi ve 1rom3§'egr adati on caused

by reacti osr?maoanﬁ-xy:gB-npwhNtdx are |nduced by stich tbizngs 4s hean Iigt or

¢ of

resi dual cj

appllcatlox'§§9Wfq
degr adat i off. —SucTrant T Jg : ' -
Geigy located in Fﬁmﬁhorn NY and |nclude Irganox 565, 1010 and 1076 whi ch
are hindered phenollc antioxi dants. These are primary antioxi dants
whi ch act as free radical scavengers and may be used alone or in
conbination with other antioxidants such as phosphite anti oxidants 35

| i ke Irgafos 168 avail able from G ba- Gei gy. Phosphite antioxidants are
consi dered secondary antioxi dants, are not generally used al one, and
are primarily used as peroxi de deconposers. Q her avail abl e
anti oxi dants are Cyanox LTDP available from Cytec Industries in Stanford,
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P cant 1110 H¥8ed |o

preferably | §/§5Wﬁ5f?t53§\/e¢gh Hot
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the oil decr ¢&8peadfitc Gmvaghesijon0.8hanac086 0.99f 14 heobdt nelot9sadhesn.9e tjo
| evel s detri traf) for the dontenplated use, it should not| be

enpl oyed. 100 gram Peel (°CYNg het nglt e@dhepr vess of [T h&gl NViENT40N Nayghe
prepared by $GaHgARSHIR ®Cpljengeng |5 gg pr pCEA[T es| T Topar cggar), to%

honbgeneous

. 'B ﬁ&‘ih o
optional tack E%i
150 to

substgntTalr -y imearfethyteng—potymer; w4 nd
melt bl ended pt an el ¢vat ed tenperature({fr m

r ay inertggas) bl apket funtjl & hogogeneo mifx

Hod péoduulng a h@nng@necus | end wit hoyt

. 0
- nents ifs satisfactpory, sjuc s {t hrough
qui,pped wifh a stlgrer %‘ Igfi Egther
,ﬁgd i
H—f of a"Mi

i s obtai ned.
degr adi ng th
the use of a

|3O

the first po ptipnal_ tacki e pfFovi ded
to an ¢ S f pl--Caid A3t hi suff =

In the alter pafett wax i $ a honopeneous as descri ed her eijn,
it will be to prepare the} hot nelt adhesijves usijng a du
react or conf % one_of |t he honogéneous i near or
subst anti al | § Viscagtratd3h$ ede pdl yier dr wax Béing| probluced i A the fi%st |25

react or, thelotesrdegr Golgs hanogkneous i nek ubst ahti dl | y8linear 6
et hyl ene pol yner or wax belng produced in a second reactor, and a

tacklfler optional Iy provided, ¥P|call at a point after the second
reactorS via a Soawamine Bxamalset B and G are ﬁ?ft‘@afctaﬂé?"at"ﬁb’e pghseives Rasqdep qthylene

oper at ed viny! ackfteSORiLE Sre Qbsigridd PRNAN b§licardn t%ﬂrﬂm; i B ,xgremcﬁzban,nsﬂa%s of
the invention, hot nelt adhesives can provided in fornms such as

pel | ets, pExamnles | and Zarg denisted indeabled o Exeroples bmdéthbwn sigrifiepptyhigher Bt such
a process Y@lsﬁgcz{%\/evnﬁn&qq’ 0'0% ?«9:5 H’ﬁi‘%f‘ﬁ") Ettﬂi ]tou/@r %@éﬁb esoti)ary h' S

di sclosure to prepar | en ohbgenous |g er | ecul ar
wei ght or oérmerciablyawailablewdbesives. Examma lgibp)vs wesméng qudrmamqeraedk

§|t 2%: g {j[ FH%%'@'% %gés%gg % E{ PYFS Qs(?veo plIhe 24k esxvésavgelf'é Lglzp?xred toa}lrigh

performance corrugated boardstock at an apphcation temperature of 135°C, except for Comparative

Example D which was applied at an application temperature of 177°C. The figures here represent the

percent fiber tear as an amount of the total bond made. For example, if the bond is 6 inches (15 cm)

long, and 3 of those inches (7.5 cm) show fiber tear then it is a2 50 percent fiber tearing bond. Both
15  Examples 1 and 2 exhibit superior heat stability shown by the change in viscosity and Gardner color

over a 96 hour period.

Comparative Example D
Comparative Example ID is commercially available from the H.B. Fuller Co. located in St.
20 Paul, MN. Itis hot melt packaging adhesive which is a standard of the industry and is based on

ethylene viny! acetate and designed for application temperatures of 177°C.
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The resul tant adhesives will typically be characterized by Brookfield[err]
viscosities of |less than 35 5,000 cps (50 grans/(cm second‘g]) at 150[err]C
. preferaB®9803683 t han 3,500 cps (35 grans/ (cm second)) at PCTUSITIZ¥E[ err] C

f | v | 2 2 1
A st o el SRRl LeR 1A aar PR BR e 20 TR 56200 s coranoe’ 1 ©

- 28- the other exampla®iHBADSB O Bleat stability tests were also conducted at 177°C compared to 135°C
PCT/ USQ?%}%SG@ suited for application tenperatures of |ess than
150[ er r ] & PSSR EFXFWSn1 v from about 135[err]C to 150[err]C on

extrusion typFhigaskpghing ekHplp MAftrateSHE burpisidghOmgh FaDKEiGTdHSE:; on
Corp. of Atlanta. GA Mercer Corp., r%?s’szliutteghback éorp. oaﬁgg{¥yvﬂgﬁo

manufact ¥hesiessiof theipsssentyipeention: kEhsiadhestge pishepresent invention surprisinglyTtfave beghesi ve
for mul at fihdieh : ol ' t LZe W
donsi t | et e o ORGSR PR bl
t o bet t ervapieiepsckegiomadhasivestdazigradtfat apatication temperatubaswf HHAEG) whikkhavwhg munak e
them i deglLyysiiiskied for recycling. The low density allows for better
separation I n { he repul pi ng process. The density of the honbgeneous |inear
or substantially linear i nterpol yner of ethylene of the present

i nvﬁ{bt i o?mi S lI e§§oidﬁan 0.895 g/cnferr], preferably | ess than 0.885
errJ,

g/c e hore preferably | ess than 0.875 g/cnferr]; and is at |east
0.850 g/cnB, preferably at |east 10 TABBBIY/ cnferr]. In contrast, ethylene
Vi ny| acetate conglyvne ho 1 rd hase pnlym:r in the pack |ng
i ndust ry, § }aplk : Corhaf PASOTRPen. Patept i bnkdf| y Antiyidaniglst
comonl y sléﬁ%é—-—— N TR St - Tov ) i) 2 LLliog
greater t haf-0-D48g1-34 mindteq—w tHi—t{ibse whth ‘Lnyz; “acptatdl
contents pf 528 et-ceft 3_§|a\i 19) dernstit cﬁ'?uf -eat-¢f ttﬁlﬁ B 953\} ;/ luoj’rp; AYt es.
Et hyl ene fr=1gotyt—— ZgCTylatgs anmgethyteremethytgacryaggstat-sphaye
densi ti esfgrear gr -1 nan3p. JO0-g/CIB. | 1361 - ThgzhotT gt TadtgsTvds of

the presepl a NVENET ON as e |T u i Ner—-charsaet ari zed iy ezxgellent. ngat o3
resi stanck and bxeellent filexi Dil-+ty. +he [106sqgr am pe®l vial 4esS] ar e.:an
illustratfoi®ofitBe heat feststlance 25 of -theladhesi vel céhmposi tdon. jThe

peel val ups : PA. Tjjo ate-qreattdr [than!40ferd] C—mie pfeferipbly gr Pdg-gpr

than SO epry=-apd-ppt—prargranhy-greater thap64fer s C—H ghpoat—

resl St anC - I| \JJIII]I L %99 'I_.\:IEI \IM]§II 3\{_&1“ UUL__\J 35 C eupvu___ ol wd \>4 *Ava Ld3\ru T S a
significapt Tproygtent - thestate L{:B'zt Te—fst fof 'ps'i'v'v‘t rpef-pttre 26
packagi ngjiagiresTves T 3 T EsE ot et adiggsST VES AT £ TUE

suited fof @s€e [N3IN¢ pacKag-ng i-AdYSGRY Tjor -Cas& angs —cartagyg sedl i ng
and for tfayefofnmeng] Thesge -padkaged nmay Qe nanuijactey ed [ riem pat erd al
such as 19 virgdnland necyclied-kiaf3.l Hi gh-and | ca2densi 8y krafa3

chi pboar diad® vaArPbus typés of it reatiedldng - coated Kraft and 9.3

chi pboard, and corrugated versions of these materials. These adhesives may

al so 25 bon 0 site materials such.as those. types of packages used for
packagi ng of g?@% ﬁgﬁ]%’v spyays dgrawlas compns‘%st%"é'aléiéf#ﬁég igfagesrf’éﬁ'ﬁﬁﬁ"ﬁggenﬁ%‘ﬁf
i ncl ude BAYapSOAbHadtRNY Nadae thretpdiPmarvoratiy Bhewith hQidst MBIC3No T§) &ltdfine Each of
lam nated to filmmterials such as polyethyl ene, nylar, polypropyl ene,
pol yi nythe qel@ng pogt theamount used ippergent s woiehlin theaghestve obhe varions liesis her
types of cdhdoiBats. 0QBmh 12! d&pidB @B he BRYintBIpS ImBEN R A%Ensity of 0.860 g/&R3 bt 4 O
chi pboard or kraft in the absence of alum namfoil. One of ordinary skill
in the ameltindgx af K90 &/k0ming friolenm hdapics ahemogenpowsfintspplymenbavineadensiy@d i n
the packgghggchBAHSE méitlifieBE FddoldR HRAL CORkdn 4 depicts 2AIRESINVES iRtérpbiPfRePT ESENT
I nventi on nmay adhere.
having a density of 0.86 g/cm3 and a melt index of 500 g/10 min. and Column 5 depicts a
20  homogeneous interpolymer having a density of 0.87 g/cm3 and a melt index of 500 g/10 min., each of
which has been previously described. Eastotac® H-130R and H-100R are hydrocarbon resins having
melt points of 130°C and 100°C respectively. Bareco® PX-100 is a synthetic high melting point
Fischer-Tropsch wax , 195 micro is a microcrystailine wax having a melt point of 90°C and the

antioxidant. is Irganox 1010 hindered phenolic antioxidant sold by Ciba-Geigy.
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Exanpl es The hot nelt adhesive exanples of the invention
wer e preparwe ogmsédse foll ow ng manner. The adhesi ve | ngPETUBIW 2366

ot her than the polyners, were nelted in a forced air type oven between
150[err] C 35 and 175[err] C. The polyner was then slowy added to the nelt
in what is known in the art as an upright or lightening m xer such as
the Stirrer Type RZRI manufactured by Cafranmo in Warton, Ontario,

- 29- WD 98/ 03603

PCT/ US97/ 12366 Canada. The bl end was kept at tenperatures of
between 150[err)lC and 175[err1C using a heating nantle such as those
manuf act ured by 4 a i Terrd tadte, [IN. [ The fbrpu] as mdrd t hdn Jni xed
unti | &b@gad Boen@eeqous. b i RIS 1@y b:egaddecwither
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1 2 0.870/ 1000 M Et hyl ene/ Cct ene Copol yner

33 25 Eastotac H 130 Tackifying Resin

34.7 WO 98/03603 57 7 PX- 100 Fischer-Tropsch WB&T/US97/12366

8.23 Table 8\3 \i)Jlustrates the phys!cglgc%gr%%(terjison%g al'tAr‘wultagféltg garc]: of the adhesive

- 30- compositions shd@n WTABENB The peel values (PAFT) obtained for those compositions containing
PCT/ US97/ %23 6 . - so ] n . . . TABLE FI
Physi cal nferaclyipers ggw%t&e E?dﬁ:a Fﬂamﬁﬁfrﬁ also (?wert an those gompositions having interpolymers
?000 with %f_;g%r densities. 9@]‘_/8‘ for lower den¥it$ fSISinkr¥, Rveved ek BValdeS(PAFY Wich weret 110
( 10. 9‘,) superj_q_r.oryr the cor(umg\jc'@}ly availeta_lgl_ pgg;?ositions lqa\ggd_wn ethylene vinyl acstate qogld(bem sec) )
770 obtaif&P 650 780 680 2400 at
149[err] C (7.7) (7.65) (6.5) (7.8) (6.8)
(24.0)

Examples 21 to 23
Table V

0.870/1000 | Sample | Eastotac | Petrolite | Antioxidant | Viscosity at 1350C
H130R PX-100

33 21 34.7 27 03 1750
33 22 34.7 32 03 1130
23 33 10 24.7 33 03 1740

10

The homogeneous interpolymer used in the above examples, which has been described above,
has a density of 0.870 g/cm3 and melt index of 1000 g/10 min. EAA 5980 is an ethylene acrylic acid
sold under the tradename of Primacor® 5980 from Dow Chemical Co. Eastotac H130R is a 130°C
melt point hydrocarbon resin sold by the Eastman Chemical Co., Petrolite® PX-100 is a synthetic high

15 melting point Fischer-Tropsch wax sold by Bareco, and the antioxidant Irganox 1010, a hindered

phenolic antioxidant sold by Ciba-Geigy.

Table VI
Sample Bond ( percent) 4.50C Bond ( percent) 230C Bond ( percent) 49°C
21 75 80 90
22 5 45 85
23 50 85 75
D 5 65 95
20 Examples 21-23 were tested for bondability to high performance corrugated boardstock.

Comparative Example D is a commercially available ethylene vinyl acetate product designed for
application temperatures of about 175°C. This product was applied to the substrate at 175°C while
Examples 21 to 23 were applied at 135°C. The figures in Table VI represent fiber tear as a percent of
the total bond made. These examples illustrate that superior bonding performance can be obtained

25  with the adhesives of the current invention while applying them at much lower temperatures than

standard hot melt adhesives used in the packaging industry.
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Specific GraV| t 0. 93 0.95 0. 97 0. 97

0. 99 ¥§j93é$‘83) 100 gram Peel ([err]C) 64 "CT’US”é’gr"“6966 :
54 58 63 500 gram Shear ([err]C) 92
86 71 Hot melt aggesxves comprisgg ultra-low molegular weight ethylengpalymegp were

Per f or mance aRepfephcd. The procedure for preparing the ultra-low molecular weight ethylene polymers

0 F ﬁ?» hr s at -40 C 5 0 5

0 (‘Jsas°° 48 hrs at -18 C 5 0 0

0 0 48 hrs at 4 C 45 0

0 10 35 50 MQMr s at 25[err] C 80

0 30 25 85 48 hrs at 49 C
100 5 @art1: Preparatiod 8f TiCl3(DM g 20 Heat Stability:

96 hrs at 13'5TeTr‘]2C_’“_"' L per cent Viscosity at 135
[err]C -2 8 5 12

[err] Gardner Col1de apparatus (referred to ag R-1) was set-up injthe hood and purgeyl with nitrogen; ig

6 5 consxsted@ﬁpaﬂ_aglh% eettle anthlfiRsh Aoudtedbivttots vane, $ﬂﬁﬂﬂéa@| plytitraiadobBPlefe

adhesi ves based on oot ned for, | ow
appl i cati onSPERHEFR Uar")eés,s?"ﬁ’ Cé’mlpﬁnernclg ¥leaﬁ'tn§ Skf%la" E#%P?iah’e “egﬁk‘gﬁep"lqé?p?d Bnd 2
are depict edollqwsTamre; cmmpmmee%put oa tie cznteomFlbland thie gntief neclesritall w réfluylvendehseat

resistange @R@yuﬂﬁgmme%&hap 109 1 Befes hgﬂr?c@u\#lf*ﬁ(stﬁ%? 'Wﬁo@%ﬁzéd c

gravities th avail abl'é a

superior bo ﬁmqﬁlgoxrxethmr(%ewaatad%ﬁdlw thg flagkelaprspatdune tn hndrybex, 38k ofEG13amasan
al | pur pose yainesintean &h@.ﬁ@%sud&e&admwm@plmmn%mﬁlc Gbed, remoR@ oR HEAGSox,

corrugat ed boardstock at. a l'icati.gn 5[ err] C, excepf

for Conpar afpqeaton the ’@Fé‘ﬁﬁ?%‘a ?cfr?f%é§t°8f) lrr@‘?}Ijﬂ’ 3 ‘éi?f’ aég‘iﬁ’ﬂ"&'aﬂb%‘ﬂ minutes

t enper at ur e with sfictiffge e the hlditidn Gaw s plesrdeaddijpnal JBVIE »\tahesed to waspelteqeqof the ber
;[ ﬁgrhes (@5 a ”&mﬂ%‘ fFaE'I? ’*‘l%t ghlélgg ?‘ﬂn osg r?d; ag%% gﬁ?gptlgsper and ﬁ]g%x%}grﬁzq\e&tﬁd o
then it is asigna ):L e@mc%m&séufrwewp!ﬁg) pedmizlue. Bdieiatgre wagheatqsl fosabputahigpugs, cooled

exhi bit sSupegfjo8m t@rﬁ@éra@;eabl'e |séﬂd>’w§s|'h@l¥9@ecpﬁ6 sbiRe and eaGEperhtati §&Qﬁb§n¥eda}ﬂﬂl the solid.
Gar dner col or perio Conpar ati ve Exanple D

Conpar at i ve*E%EIﬁJB@Mﬁ)h%W@d?ﬁ‘r’é‘r%lléFP?alé\t)QFF%ﬂS’r e fromthe H B. Fuller Co.
| ocated in St. 20 Paul , MN. It is hot mel t packagi ng adhesive which is a

st andard of pade: P@mtmmogﬂg ed G 10idBoN -taBu][MeCllet hyl ene vinyl acetate and

desi gned for application tenperatures of 177[err] C
;D:());']H US9 %9 12 3 6 5 The \:(Ra%%(ls%;e@%d to as R-2) was set-up as. described for R-1, except that flask size was
0 L. The head was equipped with seven necks; stirrer in the center neck, and the outer necks
contaming condenser topped with nitrogen inlet/outlet, vacuum adapter, reagent addition tube,
thermocouple, and stoppers. The flask was loaded with 4.5 L of toluene, 1.14 kg of
(Me4Cs5H)SiMeaNH-t-Bu, and 3.46 kg of 2 M i-PrMgCl in Et20. The mixture was then heated,
25  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 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 supernatant was decanted from the

solid. The [(Me4C5)SiMeaIN-t-Bu}{MgCl]2 was left in R-2 as an off-white solid.

30  Part3: Preparation of [(n°-Me4C5)SiMepN-t-BulTiMey

The materials in R-1 and R-2 were slurried in DME (3 L of DME in R-1 and 5 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

35  in R-2 rose from 21°C to 32°C. After 20 minutes, 160 mL of CH2Cl) was added through a dropping
-35-



The bonds were nade at an application tenperature of 177[err] C as opposed
to 135[ er nwGobkossoal | of the ot her exanpl es in Tabl e IdcTtUEat12366
stability tests were also conducted at 177[err]C conpared to 135[err]C

for the ahhRr r&yR hrﬁscolorchange to green/browﬂ-h‘rl§s GJQMB@H Wﬁh@é@tﬁ@éno 3'4 LJggt es
the surpri 3)( N?&Fé thgE ml‘f?he I stance oht ai ne}orl hesi ves of
the presdhMeMR-iR w é‘s‘?’{}%‘ga%‘F BYERASH %’E‘@ﬁtcf%&ltT‘@ﬁnl§H¥$WF%ﬁ‘lﬂgﬂy
have heatfor 30 minutes.aisin$tlaofsolveitatasiren@@d bhded vasuli Jdopar™ Ei’nyﬂﬂol:diﬁ&rf @trgdvaby

t he 100 PAL I i.ng
adhesi Vegﬁ%@tgﬂ\% dx!l? ﬂ??va(:FﬁE/Ic%]Ven@%?cﬁt?m fa l?r%% g%e?tcc&.}n}tfa 431', f%o ¥FA rle Qﬁ%

much 5 5L Oﬁlmr”\ﬁ lyétpsmtbpreyidcd Inghe f naExmrpmet;p&rtaﬂdmena! 1.2 L of solvent was
TABLE | | |removed The matgﬁﬂmm‘é‘ a!l&ve%qgéetﬂ@o»%ZQéht 19e118tﬁ§{|qu19la§Z|3c{ecarE?dS|Bg>oa§8ther 36)00

East ot ac tjoxid
500 5doglass ietﬂp g%éh Theﬁ_olfe@ R ﬁj)@slrerooy,gg)ynder VRFYHo leave a brown soli@ which

30 -was re-cxtracted with 1sop#r. B this mateﬂxﬁ vas transferred iRt a storage cylinder. Analysis 0- 3

f"_ ) mdlca&edéhat%he solution (17. Zg L) was 0 1534 M u:asntagglm this |-s-céqa_l to 2.644 moles o7f 34. 7
--- 10 [(nS-Mezﬁ?s)SlMezN t-BujTiMe2. The réinadning solids in R-2 wege further extracted witlPfBopar™
'7' B B :E:llydrocarbgé the soiutlo[\ }v_as transfeéred to R-3, tgg cincd un%e_:r_v_acuum and re-cxtiwz,tag with
8.2 Isopgr™ E hydrocarbon. Thisgolution was transferred ® storage bottles; analysis indicated51. 7
--- concertBation of 0.1403-M titanium andda vbiume of4 3L(0. 6039 moles [(nszﬁlez;(,s)SxMezN t-

;I.E)- B\gx%TnMez) Thns gives an o?/?rall yield of 3.2469 ?8les of [(n Me4(,5)S|\/1e'>N -t-Bu]TiMey, or

40 15 1068 8 Thisisa 72 percenfflield overall bf¥ed on the titanium addédbas TiCi3. - 55

--- 20 --- 0.3 12 35 ---
;I.EB- T '25 : : : 1525 C_aEa_lxst Pregaq‘gio_n Two ;‘rb' 0.3 20

--- . . . 4 10 --- 15 --- ---
35 Panq; _%_renarahon of"l:{Sllﬂ%ME)]_s 0.3 15 30 L

--- --- 28. 2 16.5 25 --- 0.3

16 30  The apparatus (reféred to as R-1) was set-8p in the hood and purged with nitrogéh; #t
T cons@séegi of a 10 L glass _kg‘lzle with ﬂu%x?’rgounted bottom vali/g,_s_-ﬁcck hea_éi_sﬁoIytetraf}u%?'étl?ylene_ -
.- gasket, clamp, and.stirrer componentsgb@ring, shaft, agd paddle). Themqegks were equipped 39

803 folows: stider compon'ehts were put 3R thE center netk, and the outer ne%l%s l?ad a reflux condehser
2'3 topped wntg gas mlego%t?et an inlet for solvent, a t_h_?l_glﬂ;:%uq_lq_ Ian%zhgwe{, ap’i'yoélesox%éf;“ﬁtﬁqj as

conpri si nimakagethbnedDMErvess addydd aslthe flagk (hmomomigemmmuswbox 300 glof MEEE was

a"te) ??).?nt Iev?elr%i%d At?%@équﬂ%% &QJdX%BnBB flﬁﬁ)ply lh% ?@nn\é\f was c%ppcld erae‘rsn%ved%omqheerdgbot',o

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, additional DME was used to wash the rest of the
TiCl3 into the flask. This process was then repeated with 325 g of additional TiCl3, giving a total of
625 g. The addition funnel was replaced with a stopper, and the mixture heated to reflux. The color

30  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
TiCI3(DME); .5 was left in R-1 as a pale blue solid.

Part 2: Preparation of [{(Me4C5)SiMeoN-t-Bu][MgCll>

The apparatus (referred to as R-2) was set-up as described for R-1, except that flask size was
35 30L. 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 loaded with 7 L of toluene, 3.09 kg of 2.17 M i-PrMgCl in
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Sufficient residence time was allowed for the metal complex and cocatalyst to react prior to
10 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 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
15 diluent mixture stream. The molten polymer was subsequently strand chopped or pelletized, and, after
being cooled in a water bath or pelletizer, the solid pellets were collected. Table VI describes the

polymerization conditions and the resultant polymer properties of Polymers A, B, C, and D.
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TABLE VII

Polymer A Polymer B Polymer C Polymer D
Total Ethylene feed (Ibshr (kg/hr)) 2.0 (0.91) 3.0(1.4) 2.5(1.2) 2.5¢(1.2)
Fresh Ethylene feed (ib/hr (kg/hr)) 2.0(0.91) 3.0(1.4) 2.5(1.2) 2.5(1.2)
Total comonomer feed (Ib/hr (kg/hr)) 2.3(1.04) 1.9 (0.86) 2.8(1.3) 2.8(1.3)
Fresh comonomer feed (Ib/hr (kg/hr)) 2.3(1.04) 1.9 (0.86) 2.8(1.3) 2.8(13)
Comonomer olefin ratio (mole percent) 12,5 97 13.2 13.2
Hydrogen : ethylene ratio {mole percent) | 0.49 0.72 0.33 0.79
Diluent ethylene ratio {weight basis) 11.1 8.6 5.9 5.9
Catalyst metal concentration (ppm) 4 3 4 4
Catalyst flow rate {ib/hr (kg/hr)) 0.32(0.14) 0.71 {0.32) 0.46 (0.21) 0.65 (0.30)
Co-catalyst concentration (ppm) 88 88 30.8 30.8
Co-catalyst flow rate (Ib/hr (kg/hr)) 0.46 (0.21) 0.77(0.35) 0.43 (0.20) 0.59 (0.27)
Aluminum concentration (ppET 9.8 9.8 19.8 19.8
Aluminum flow rate (Ib/hr (kg/hr)) 0.44 (0.20) 0.73 {(0.33) 0.0 (0) 0.0(0)
Reactor temperature (°C) 10 120 110 110
Ethylene concentration in reactor exit 1.69 1.92 3.55 3.55
stream {weight percent)
Polymer density(g/em>) 0.871 0.894 0.871 0.872
Polymer melt viscosity at 350°F (177°C) | 4200 2000 23,000 1800
{centipoise {(grams/{cm-second)) (42) (20) (230) (18)

Polymers E, F, G, and Wax A were produced in a solution polymerization process using a

well-mixed recirculating loop reactor.

The ethylene and the hydrogen (as well as any ethylene and hydrogen which were recycled
from the separator, were combined into one stream before being introduced into the diluent mixture, a
mixture of Cg-C( saturated hydrocarbons, e.g., [sopar™-E hydrocarbon (available from Exxon

Chemical Company) and the comonomer 1-octene.

The metal complex and cocatalysts were combined into a single stream and were also
continuously injected into the reactor. The catalyst was as prepared in Catalyst Description Two set
forth above; the primary cocatalyst was tri(pentafluorophenyl)borane, available from Boulder
Scientific as a 3 weight percent solution in ISOPAR-E mixed hydrocarbon; and the secondary
cocatalyst was modified methylalumoxane (MMAO Type 3A), available from Akzo Nobel Chemical

Inc. as a solution in heptane having 2 weight percent aluminum.

Sufficient residence time was allowed for the metal complex and cocatalyst to react prior to

introduction into the polymerization reactor. The reactor pressure was held constant at about 475 psig

(3.3 MPa).

After 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
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vinyl acetate could be obt ai ned. Examples 21 to 23

Table V 0. 870/ 1000 ¥l East ot ac Petrolite

Ant i oxi dant Viscosity at 135[err]C

H130R PX- 100 S SPolymer E £dlymer F SWa%k A

0.3 Ethylene fresh. feed TAGE (lbs/hr (kg/br)) 40 (636) 2o - 190 (636 —=F 4.7

32 ylene sy 1130 8 ""p3 M0(636) 3 140836 [

24. 7 Total ethyiene feed rate (Ibs/hr (kg/1g)) 146.2 (66.45) {1 7148.17 (60. 44) 146.5 (66.59) § The

homogeng¢®Hs, dc o/ TR/ ) IAEY. G XA TPT S5 (26 T Ty s

descri b ty 0f 0870 g rrrfprrl andl melt 1 ndek of

1000 g/ i‘ 6°‘I"‘ﬁ°ﬁ‘°"°&%5ﬂ’§§é'@5/$'§kg§ﬁ))et hyl ¢Rt Seterginsdc] aci B (509) o33 9¢HES | he
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t r adenaffdotalloctefid deRRMFatibEight pergantjow Qloedaegmhed
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Co. , BP0 pdropp.feef fpse (Sandgrd oM ¢ hi*tk 15

rrel?"hg po

i nt 16100

cal

Fi sc her }?plwsmd opene feed rate (llw/hrE{az/B!(z)o anguot(iee) an [ 1 @39.40aduts)| rigasex3a) a
hi nder e Ethylene ddh'\EFW)'n The bérééﬁt?__{uo” t—$otd Ebe=Cet C?s'(%
Tabl e V Sanpl e aond (lpercent) 4i 5[err C Bon pericent)
23[err] (CReactor B@ﬁga%rebgpcent) 49[ er I‘] c 109.86 419.8 134.3 75
80 Feed temperature  (°C) 90 15 22 15 K]
45 Tt - 85 23 50
35 atalyst concentration (ppm) 75 70 70 70
Catalyst flow rate (Ibs/hr (kg/hr)) 0.725 (0.330) 1.265 (0.575) 4.6 (2.09)
Primary cocatalyst concentration (ppm) 1200 2031 1998
Primary cocatalyst flow rate (Ibs/hr (kg/hr)) 2.96(1.34) 1.635(0.743) 5.86 (2.66)
Titanium:boron molar ratio 2.96 3.48 2.897
Secondary cocatalyst concentration (ppm) 198 198 198
Secondary cocatalyst flow rate (Ibs/hr (kg/hr)) 0.718 (0.326) 1.258 (0.572) 3.7(01.7)
Titanium:aluminum molar ratio 5 4,986 4.037
Product density (g/cm-) 0.8926 0.8925 0.9369
Product melt viscosity at 350°F (centipoise 12,500 (125) 4,000 (40) 400 (4)
{grams/(cm-second))
Polymer melt index (15 at 190°C)* 686* 1,900* 14,000*
Polymer Mn 12,300* 8,900* 4,700*

* Calculated on the basis of melt viscosity correlations in accordance with the formulas:
Iy = 3.6126(10 108(n)-6.6928)/-1.1363 _ 9 31385,
Mn = jol(logn + 10.46)/3.56)]

where ii= melt viscosity at 350°F (177°C).
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further exhibited suitable open and close times.



25 and the ether allowed to boil off into a trap cooled to -78[err]C.
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significantly less than that of Fuller 5754. While comparative hot melt adhesives Eastman
A765 and Nationa!l Starch 2103 have acceptable melt viscosities at 275°F (135°C), they are not

believed to be optimal packaging adhesives, as their high level of crystallinity will cause

embrittlement at Jower temperatures.

The reduced low temperature melt viscosity of the hot melt adhesives of the invention

will translate to lower operating temperatures, which is advantageous from the perspective of

economics, as well as affording improved pot life. In applications where short close times are

desired, the hot melt adhesives of the invention are particularly advantageous. The hot melt
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stirred for 2 hours, then approximately 11 L of solvent was renoved under
vacuum Hexane was then added to the flask to a total volune of 22 L.
The nat er M4 2823693 | owed to settle, and 20 the liquid | ayReTU8Y/12366ya5
decanted into another 30 L glass kettle (R-3). An additional 15

liters afhgsivesalihe Bwtnion or fwalsr cxpicked teededwy lemddp el Gai ananepréesdhg, Stirring
for 50 rgefhie % apPHcALiOn at low te e}a Ng to settle, and decanting. This
material was conmbined with t irst extract in R 3. The solvent in
R-3 was renpved, under vacuumto Ieave a red/ bl ack solid, which was then
extract ed wi tYATio8t RRdmslt afhgsivesubish palf bepreferredifos bendingcrardpasd andst or age

cyl i nderpapefbuard/ sibstrazds havd lii@ivisatbesh deRétbpddhngmdeed det fophl af ﬂol!ozrﬁrul—) was 0.255 M
intitanium this is equal to 3.0 noles of [([err]

[ er rl 3- pent adi ene \ 1095 g.

This™is P e e e AR A gERRIe e o w-:eel-e‘ LOSIYC1 3.

Pol ymer iaz230 i iphtst 65 grams/(i-gphx

The pol ypeps used in the preparatr on of the hot mel t adhesrves of the

i nventi re prepared 30 in accordance with the foll ow ng procedure and
utilizing the reaction conditions set forth in Table One.

The et hyl ene Tag@olymershipgkifitfe Wahetnd aationidantwere singulonrosly taddsarin bef or e ber ng
intr Oduﬁﬁtduxlztmrﬂlcated in T:IHIEE‘XP"&& Hﬁﬁﬁké‘kﬁ%éﬁ'f@ 4() ?m)[E‘HﬁElHé €206 g%ﬁhfxln qo?;

sat %at ] t%jiigoeaé 51% s tey E’“ A B_H%%ro rge avai |l abl e
froft ExPEHEIEA’ &5 a‘t& y3 Fan PRRPeE o l?e '”ﬁ"ﬁ%‘“&‘ﬁ)ﬁ’ﬁﬁdﬁ’é?d Pis 1- 35

oct ene. afigue Speingto unfilabey trcr:attmmeltmsﬂrccmtwnndmuah;;toyeﬂ jves tigandxi goriohe

reactor ggrggrcd phenolic stabilizer, and was employed in an amount of 2000 ppm, based on the tota?

WD 98/ 0

PCT/ US9 formpbgen. The metal conpl ex and cocatal ysts were
conbined into a single stream and were al so conti nuously inj ect ed into
'It:)he react or. Tﬁ@&esﬁ'&tn}’ ﬁﬁrme?t aﬁh&@re@?&:@' vatuaté@ for Al ?@@J érrlea(r:%t ?do

repar ation forth above remai nj ng rs and evvax
the?cat ApEt? g 4 SP% BapeL far at 50 ?n‘:l?fﬁt“gfcyg‘tenlﬂ"éepégdagx - o set forth

above. Fomubgiois dPoheyirve mehpdhe¥idxs evialvated Oasoedlak vt davasdtdined, are set forth in

tri s(pe%gfl,%prophenyl ) borane, available as a 3 weight percent solution in
| sopar[err m xed hydr ocar bon, from Boul der Scientific. Al um num was
provided in the formof a solution of nodi fi ed met hyl al unoxane ( MVAO
Type 3A) in heptane, which is avail aMa 2 wt percent al um num

concentration from Akzo_ El\ﬁgfg ?, al Inc. Suf fici ent

r esi deneer doLvier MEIR3 ddcl A [A (ofs e/cantoaﬁs,mtmke% and cocatal yst to react
prior towdkds introduction inte the pal ymerization neact or.«l nygach

pol yneri zation reacti on -t he-reactor pressure was hel d constant at
about 4TEEHRie=3-3—M i ' —1n &ac

pol yner igZavion,, ** a’Ft err e‘achf’ng ¥t e‘atjy"svaﬂt e=4~1wa*1&32 madsnt aﬂsnedl at the
condi ti @Ets speC| f| edul n|7§|-alﬁl164:®‘]e W 44 a5 as a7 sf t2F pal yITEI’I zation, the

A g 3 8 v BO- 134 5 00
Close Time {sac) 5 5 - 5 5 5 10p no PT 5 5 s 5 5

Open Time {sec) 15 a0 5 25 b4 25 15 15 25 10 25 25 40 (D
PAFT (Cimade) 105¢c,s 100Ja 130/aH 105/a  BS/a 100/a  10Xa 97.5/a f8lc? 100/aH 95/aH 105/a 85l 82.5¢a
DENSITY 0.892 0.938 0.821 0.917 0.915 0.8 0912 031 032 0929 0911 0.917

CRSTY 35 24 49 39 28 39 41 43 34 46 38 38 26 30
PT - Initial {%} 30 87 22 22 92 53 83 [ °7 as 69 22 100 a7
PT14 -t4days 50C (%} 97 Q 6 34 7 18 11 0 40 11 87 34 $0 85
PT14 -1ddays @ r.t.1%) 97 83 7 15 8 5 51 [ 70 26 93 15 100 30

20  *PT refers to Paper Tear

Preferred hot melt adhesives, that is, those which exhibit at least 80 percent initial
paper tear, are characterized as corresponding to the following inequality derived from a

statistical model:

Paper Tear 2 83.8965*A + 18.5823*C + 114.571*B



R bl
et
@ et et

——pobymer Ts separated fromthe unreacted conononer(s), unreacted ethyl ene,
unreact ed hydrogen, and 15 diluent m xture stream The nolten, _pol yner was
subsequent | yYY&B®3¢P3chopped or pelletized, and, after b&cﬁgjst? 4388 i n
a water bath or pelletizer, the solid pellets were collected. Table VI
descri bes twiere A, B, amgldC yregerczat dogpogtenhftpolynsr, amitifich end esu respedtivplgl vy mer
properties of Polynmers A B, C and D.

;33&% USO7/ 12366 Such\ﬂgfe%?t/dqmﬁ‘?s include HMA's corresponding to the diagram points set forth
TABLE VI | inTable XH: 1, 1A, 1C, IF, 5, 11, and 2. Such preferred HMA's will generally have the
following formulation: greater than 25 weight percent of the homogeneous linear or
5  substantially linear ethylene polymer, O to 35 weight percent wax, and 0 to 50 weight percent
tackifier, with the proviso that when the tackifier is present in an amount less than 20 weight
percent, the homogeneous linear or substantially linear ethylene polymer is present in an

amount of at least 50 weight percent.

More preferred hot melt adhesives, that is, those which exhibit at least 80 percent 14
10 day room temperature paper tear, are characterized as corresponding to the following
inequality derived from a statistical model:

Paper Tear 2 102.902*A - 9.96395*%C + 80.2846*B + 164.944*B*C
where A, B, and C are percent composition of polymer, tackifier, and wax, respectively.

Such more preferred hot melt adhesives include hot melt adhesives represented by the
15  following diagram points in Table XII: 1, 1A, 1C, 2, 5, and J. Such preferred hot melt
adhesives will generally have the following formulation: 0 to 25 weight percent wax, 30 to
100 weight percent of the homogeneous linear or substantially linear ethylene polymer, and 0
to SO weight percent tackifier, with the proviso that when the tackifier is present in an amount
less than 5 weight percent, the polymer is present in an amount greater than 80 weight

20  percent.

Most preferred hot melt adhesives, that is, those which exhibit at least 80 percent 14
day paper tear at 50°C, are characterized as corresponding to the following inequality derived

from a statistical model:

Paper Tear = 102.73*A - 6.07393*C - 49.4636B - 69.4347*A*C + 143.137*A*B +
25 127.72*B*C

where A, B, and C are percent composition of polymer, tackifier, and wax respectively.
Such most preferred hot melt adhesives include hot melt adhesives corresponding to the
following diagram points in Table C: 1, 1A, 1C, 1F, 5, and J. Such preferred hot melt
adhesives will generally have the following formulation: 0 to 25 weight percent wax, 60 to
30 100 weight percent polymer, and O to 30 weight percent tackifier, with the proviso that when
the tackifier is present in an amount less than 5 weight percent, the polymer is present in an

amount greater than about 80 weight percent.
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Pol ymer A Pol ymer B Pol ymer C Pol ymer D Tot al
Et hyl ene feed (I b/hr (kg/hr)) 2.0(0.91) .0 gh
2.5(1.2) WO98/03603 5(1.2) Fresh Ethyl ene feed (Ib/hr® C(L'iéﬁﬁ fip3e6
2.0(0.91) 3.0(1.4) 2.5(1.2) 2.5(1.2) Tot a

ConNDNOMgyot Miﬁd\ghleh#é%rcm imp)A Homogeneous Ethyléhe Polym@d having a MeB (MiscB&}y
2.8(1.3) 3500F (177 080 Centipoise (50 afa&5lsify &/ d 65 Wsbir ) )

nononer

ol efin tmni0cBROmMm. per cent) 12.5 9.7 13.2
13.2 Hydr ogen: ethylene ratio (nole percent) 0. 49

8 77 ) THE pdi¥mers, tackifier, wall; ZtQi antioxidant welel sﬁﬁﬂianéﬁuﬁly la@dney xh’tﬂe‘ 0 (wei ght
asi s

Cat apystamﬁﬁ‘?%w%ﬁéi‘ﬁ able ?(Hh to( bsmke Rheocord 40 leCl' usAng 2 200 gram mlxmg
4 bow! maintainkd at about 1300&taa Py svolutiony pemminufel. Heringredj¢rity Wyre mixed

0.32(0. &% a}b8Ht %)m?nr]#eg g’xﬁﬂ they bgcaf‘rﬁ(fl(?olt%f]r) g‘he annererﬁ(eﬂrpﬁ)gZd was lrganox@ cat al yst

concent 30. 8
30.8 1010 hinfered plienblic statfilizgwy and twas employad iplag ameynt of 2000 ppm , bagd £6( 0. 21)

0.77(0. 20) 0. 59(0. 27) Al um num concentrati on
(ppm ?ill‘l:’e) total fonfh% 19n 9 8 9 8 19 8 198
AIumnumrowrate(Ib/hr %ﬁ é 0. 73(0. 33)
0. 0(%9) The res(yltel(tdtj)t mel es:v VTR B‘fa“{am%rrlgi"ﬁlré ?%}éparpr ear at room

110 tempetatQre, and 14 day papér]t&ar at 50°C, close tirid, ®pen time, and PAIRIL €fte concentrati on
IS? r ;:%C%&é’i“'gﬂ’co“bgfr t@g HPt)melt adhesxves I_gvz}luated a%g%lﬁiast the(‘ d:}ta ﬁ}itax’})ienf %re set forth in 3.55
0.871  Table XIID. 894 0.871 0. 872 Pol ymer nmelt
viscosity at 350[err]F (177[err]C) 4200 2000 23, 000

1800 (centipoise (grans/(cm second)) (42)

(20) (230) (18) Polymers E, F, G and
Wax A were produced in a solution polynerization process using a

wel | -m xed recirculating | oop reactor. 5 The et hyl ene and

the hydrogen (as well as any ethylene and hydrogen which were recycl ed
fromthe separator, were conbined into one stream before being introduced
into the diluent mxture, a m xture of CJerr]-Cerr] saturated

hydr ocar bons, e.g., Isopar-E hydrocarbon (avail able from Exxon

Chem cal Conpany) and the conononer |-octene. The net al
conpl ex and cocatal ysts were conbined into a single stream and were al so
10 continuously injected into the reactor. The catal yst was as prepared
in Catal yst Description Two set forth above; the primary cocatal yst
was tri (pentafluorophenyl)borane, avail able from Boul der Scientific
as a 3 weight percent solution in | SOPAR-E m xed hydrocarbon; and the
secondary cocat al yst was nodified net hyl al unoxane (MVAO Type 3A),
avai | abl e from Akzo Nobel Chem cal Inc. as a solution in heptane
havi ng 2 wei ght percent al um num 15 Sufficient residence
time was allowed for the nmetal conplex and cocatal yst to react prior to
introduction into the polynerization reactor. The reactor pressure was held
constant at about 475 psig
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(3.3 WPa). WO 98/03603 After polynerization, the reactor ex{?@ﬁtre m
was introduced into a separator where the nolten pol ymer S9T1ds0u
separated fromthe unreacted conononer(s), unreacted ethyl ene, unreacted
hydr ogen, 20 and diluent m xture stream which was in turn recycled for
conmbi nation wth fresh conononer, et hyl ene, hydrogen, and dil uent,
for introduction into the reactor. The nolten pol yner was

- 39- WD 98/ 03603

PCT/ US97/ 12366 subsequently strand chopped or pelletized, and, after
being cooled in a water bath or pelletizer, the solid pellets were
collected. Tables VIII and | X descri be the polynerization conditions and
t he resul tant pol ymer propertles of Polymers E, F, G and Wax A
TABLE VI 1 | AR R T =3 =0 Pol yner E
Pol ymer F Wix A¥ Ethﬁeﬁa?fregh f eed ratE (f”bc/hr (kg/ hr))
140 (63.6) 140 _(63.6) 140 (63. Total qt hyl ene feed
rate (| bs/hr (kg/ hrl)e 1 3 (M? 5) 11 1Y _(h6l 4 146.5 (66.59)
Fresh octene feed rdatle (fbs/|fr |(k h%% N | o [HB 48 [P0 3) 49. 5
(22.5) 12. 67 QS. 76) Total oOctene|f ¢ rate (1 s/ jr (kg/ hr))
Not det ermi ned 412 (50.9) 32191 (1241 9%) Totfal oct ene
concentration (wei gRt| pgacene) s enmigedia [o o o &4
3.36 Fresh hydrdgen~f ecd ratee (Btandand|e(B ] /imi 1) 4025
5350 16100 Sql vent | and {o¢t ¢ne feed jratie (| bs/ hr (kg/hr))
840 (382) 83038 1{B) 18401382 1L Ethylede conversion
rate (w percent) 5 5 90.F |38 NJIEED.BS P 88. 26
Reactor tenperaturg ([enr]C < 21°17109.186 119.8
134. 3 Feed tenpégature | ([leri] g > 15
15 133 & tal y§t cente at e (iBd o
70 10 g & % Slealysit Ifl qw fate (1 bs/hr
(kg/ hr)) 0.,72% (0.{330) 1. 265 (| 5[5) 446 (2.09)
Primary cocat al yst jgaheggtrg5tor—~tPPl =T o I 12881 2031
1998 Primary qodataByst|™f Il ow\s afe? (I bs7 hr | Kb/ |RriF) (<2496 (1.34)
1.635 (0.743) i %.86 ?&;.66 T} t@ni{um o oh npliar raﬁio
2.96 o 13.188 P. 897 Secandary cdcat al yst
concentration ( I~ p 5 198\ B§ PR BB 5 I8 198
Secondary cocat &l'yqt {f| ow rdfe|(l bs/$we (kg hrﬁi)o' = (0.71181(04326) 1.258
(0.572) 3.7 (1§ 7)o 'l*it@ni um gl umj numjenpl ar jrati o
5 4. 9841 HRRF o w T PlopuTh gt ﬁi‘ y (g/cnerr])
0.8926 Q. 8925 |3 £ D369 |= = Fr ddyct {refit viscosity at
350[err] F (centi poijse 12,300} (125) 4100} (40) 400 (4)
(grans/ (cm second) IS
s B g REIRLER BE B
” - N o 2le i+
«Q
T ET F ks FELEE B B
w0 39 §o 'tg -
£ BB .3 | Bl |zl [53
= 2 oloslebtalzEelslslElBlE 218 |Be
Zl, ICpEScEeiae88EtlSpRE 582
é_g m&;dcgmgg..;am:—;-g-»:g-;c-—e
o ie EOgT TN 8 2o Eleie - 12 2 817 je 8le &
S|E 1BRgl88|88|oslanl8 i8Skl [CacE
Do le 22> oz oln 2> S 20 10 Ja jo o Sla la Sia I
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Pol ymer nmelt index (12 at 190[err]C)* 686* 1, 900*
14, 000* Pologmer Mh 12, 300*
8,900 WO98/03603 4, 700+ 5 * Calcul ated on the basis of PGEPFNA2360si 1y
correlations in accordance with the fornmul as:

I[err] = 3.6126(10 [err])-9. 3185,

Wh = 10[err] where [err]= nelt viscosity at 350[err]F (177[err]C).
- 40- WD 98/ 03603
PCT/ US97/ 1 2366 Tabl e I X
Pol ymer G Total Ethylene feed (Ib/hr (kg/hr))
110 (50) Fresh Ethylene feed (I b/hr (kg/hr))
| 05 (47.7) Total conononer feed (Ib/hr (kg/hr))
124.5 (56. 6) =Y L )
61.5 (28.0) amin 0 |(nol|g |BaT ¢emt )
13.3 Hydf opgen|®@ & ger|cgnt])
0. 49 Di | peht ethy i ght [Bdsi|s)
6.0 Cat a8 bhefa B)
20 Catal st T|lv fafe| (1 bf hr [S@ Q) el R
3.6 (1.64) Cottat bl yst topcenfration (lpAm
1500 Co- gatal ys | pw riate [ I p/ hig (kg |hr)) )
1.5 (0.68) AR e pRTeRt RIS B M =18 E e
125 Al unf num 13 owj r ft B Ib/mg(ig/hr) I
1.6 (0.73) Reactof tepperature T efrid
120 218 8
%% §§“’£ 528;
S ©
n
213 5
- S ™
. ~ z
4Pl E RERSR P ARy
=3 g AR Lo ©
= < Q
g 8 N
8 "7 R g5 BRE R RN
Pomeg i N ol
= < Ky
> o 3
AP B | E B3R RERE
o <+ - o ©
= = 4
3 S
o n 3 TISEIRIB I, 288
< - %~ ° M
< 2
3
* . 3 T IEIR P 13 |8
< P
> L
o 8
Z|12|5|8(8181g] |8 =1 N
Sl lSizisls el |5 -2l 5
SIEEIEI2I2(E] (8 T8 &
“i8lcicigi8lgi= 10 9 a,
cimlgelRsB|sl=E Sl lEIElol8l »
slalalalilcialzs BelelelSEIZIERIs] &
. glelsisig|s sl B3B8 |e(8lzla] B
s <K ERPRIEBEREISERIEFEFERRI
T Dol el ol el gl 1Y EZ-F[EEIEIEI T
512 ElslclellleriEtslckiz Bl il
Sls FIEIEIEIEIEIE1RIEC8ISKRBISEE R
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Et hyl ene concentration in reactor exit stream (wei ght percent) 1.74

Pol yrmer denwiot9g(ogsasni err]) PCT/U§IYLF366
Pol ymer melt viscosity at 350[err]F (177[err]C) (centi‘poi se

(grams/ (cm secqighkired hQRKk adhesives, i.e., fHode Wtk exﬁiﬁ’ﬁﬁ 'lééﬁ%OWeH&nﬁ'ﬂhﬁﬂﬁ@@r Low

Tenper ature Performance VWi ch Conpri s t tral ow

Mol ecul ar '64&i A Chazpgigrized as BATSPREINE tgehe%"ow’"g inequality ‘ifé‘l"ffﬁg?@ a gatisiga j or |
wax, and apddepxi dant were sinultaneously added in the anount s

indi cated in Table A to a Haake Rheocord 40 m xer using a 200 g m xi ng bow
i ntal ne, gl ARPUoFIAAL 1 55 2898 + RY B -BONE AATE- AU B pofipidigr edi ent s
were m xe m nutes, until they became nol

ant i oxisdant3senpt iR vvas I rganox[err] 1010, and vvas enpl oyed in an
amount of 2000 ppm based on the total formnulation. Tabl e X

further sejgerk @l WaH@C'aWﬁerE@@@&ﬁﬁﬁu@ﬁbfgdl eacmi&xr Ialwtvsss rédpectib@yhot nel t
adhesi ves, 1 ncludi n%melt | SCOSI té "ﬂ% 3 F (177[err] C2 cl ose tine,
open t i me,Suppreferfrdopelt adhesivesjaciade Oéa}ehg Es‘i?éWFRP“H’élaé Psolipying
?clizez i ve (didprdrh ahmeap&ré férﬂﬁ:ﬁa)’raf)tarDE saﬂpj ¢p, AgED, hdd ﬁiaySuchhpt%ferred h&Ghety r] C

ay paper.tear at ac e e i bited greater
than 90 pefbssiyes will ge"efaﬂ ﬁflv tg%)g%lgwm[ge@?"utl%?gné?gg hgg/exg 'é’ercﬁﬁﬁgfég further
exhi bi ed wmegtrepus lrear GGupstantialin lidedr ethylerespolymepa ar SQ eeight pEeett wrix, ahdk
exanpl es axBise!ddish BEEER AR Rl Tihe gmlsomt wiBpthe BRRIFLLRDrQBR in an

further |'e open and ¢| ose_ti nes.
-41- amopm les/thmeiPaweight percent the polymer is present in an amount of at least 35 weight
PCT/ US97/ ey

More preferred hot melt adhesives, that is, those which exhibit greater than 80
15  percent 14 day paper tear at room temperature, include hot melt adhesives corresponding to
the following diagram points in Table C: 1, 2,4, 5,7, 9, 10, and 1C. Such more preferred
hot melt adhesives will generally have the following formulation: 25 to 85 weight percent of
the homogeneous linear or substantially linear ethylene polymer, 0 to 50 weight percent wax,
and 5 to S0 weight percent tackifier, with the proviso that when the tackifier is present in an
20  amount less than 10 weight percent, the polymer is present in an amount of at least 40 weight

percent.

Most preferred hot melt adhesives, that is, those which exhibit at least 80 percent 14
day paper tear at 50°C, are characterized as corresponding to the following inequality derived

from a statistical model:

25  Paper Tear = 102.73*A - 6.07373*C - 49.4636*B - 69.4347*A*C + 143.137*A*B -+
127.72*B*C

where A, B, and C are the weight percents of the polymer, tackifier, and wax present in the
hot melt adhesive, respectively. Such most preferred hot melt adhesives include hot melt
adhesives corresponding to the following diagram points in Table C: 2, 4, 5, 9, 10, 1B, and
30  1C. Such preferred hot melt adhesives will generally have the following formulation: 0 to 50
weight percent wax, 25 to 70 weight percent polymer, and O to 50 weight percent tackifier,
with the proviso that when the tackifier is present in an amount less than 5 weight percent, the
polymer is present in an amount greater than 50 weight percent. It is further notable that
when a polymer having a density of from 0.865 to less than 0.875 g/em3 is employed, the



[err] M
WO 98/03603 PCT/US97/12366

range of acceptable formulation ratios is greatly expanded over the acceptable range when a
polymer having a higher density is employed.

Hot Melt Adhesives Comprising A Homogeneous Ethylene Polymer having a Melt Viscosity
at 350°F (177°C) of 2500 Centipoise (25 grams/(cm-second)) and a Density of 0.880 to 0.895
5 glom’.

The polymers, tackifier, wax, and antioxidant were simultaneously added in the
amounts indicated in Table XIV to a Haake Rheocord 40 mixer using a 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. The antioxidant employed was Irganox™

10 1010 hindered phenolic stabilizer, and was employed in an amount of 2000 ppm, based on
the total formulation.

The resultant hot melt adhesives were evaluated for initial, 14 day paper tear at room
temperature, and 14 day paper tear at 50°C, close time, open time, and PAFT. The
formulations of the hot melt adhesives evaluated, as well as the data obtained, are set forth in

15 Table XIV.

Table XIV
DIAGRAM # 1 4 1A
Sample 62 63 64 65 €6 67 68
Palymer B (2000 cps, 84.8 325 435 40 99.81 70 67.5
.884 g/cc) wt. percent
Wax A (400 cps, .937 10 17.5 435 48 275
g/ec) wt. percent
Piccotac 115--wt. percent 5 50 13 12 30 5
Viscosity at 350°F 533 758 725 2725 1232 1202
(177°C) centipoise .
{grams/{cm-second))
Close Time (sec) 15 5 15 10 5 15
Open Time (sec) 20 10 25 15 30 15
PAFT (C/mode) 92 5/a 90/a 87.5/a 75/a 87.5/a
DENSITY (g/cm®) 0.917
Crystallinity (percent) 235 39.80 331 34 24.3 39.8
PT* - initial (percent) 97 [¢) 73 50 0 100 25
PT14 -14days 50C 80 0 98 68 15 100 85
(percent)
PT14 -14days at room 85 0 98 55 o 100 47
temperature {percent)

*PT refers to Paper Tear

Preferred hot melt adhesives, that is, those which exhibit at least 80 percent initial
paper tear, include hot melt adhesives corresponding to the following diagram numbers set

20  forth in Table XIV: 1 and 1C. The hot melt adhesive corresponding to diagram point 1 in
Table XIV contains 85 weight percent polymer, 5 weight percent tackifier, and 10 weight

percent wax. The hot melt adhesive corresponding to diagram point 1C contains 70 weight
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PCT/ US97/ 123:648/03603 Table XI illustrates the inprovBGEMSITRPOW.
tenperature viscosity of the hot nelt adhesives the invention as

fcggpnﬁlr Sgl %ﬁrg&ﬂ%%llyg{er gxhcgkb wu@wbpea,ceat atiefido fFu?tH%r &\éfhoga@xeddmesﬁel t adhesive
conpar a Q a 1 C
I n each CSPH?FHOHC’("I‘%‘O\#%% P?‘?‘* ié x) é’?ﬁf 'o‘ilgéoﬁ "é’fg‘F eé({ &V@é} it rr%M % h

the vi scopupey tdan, ghizvel (QOrpesentoMcbaytpapergearnhhm:atredn|t¢mpt<tlm;ure5nd at 50°C,
par ent het |.cd31I S. I f h 1 ive of the i . )
Tabl e x| Indicaung accepta[beﬁ,Ber ormance as a hot melt aﬁi;hljzfxlvee ro the invention. Further still, the

Ful | ers hofaslt adhesiv\edrrdsponding to diagramy forqe[18Y in|Taple E, wiilg it did notsghigve 80 24
3? 03 2ercent initidl pafler tear, achR¢&P85 percent T B8 paper tear at 50°C, indicating
acceptable performance as a hot melt adhesive of the invention. Such preferred hot melt
adhesives corresponding to the diagram points 1, 1C, 1D, and 4 in Table E will generally
have the following formulation: 40 to 85 weight percent of the homogeneous linear or
10 substantially linear ethylene polymer, O to 45 weight percent wax, and 5 to 30 weight percent
tackifier, with the proviso that when the tackifier is present in an amount less than 10 weight

percent, the polymer is present in an amount greater than 50 weight percent.

Hot Melt Adhesives Comprising A Homogeneous Ethylene Polymer having a Melt Viscosity
at 350°F (177°C) of 1800 Centipoise (18 grams/(cm-second)) and a Density of 0.860 to less

15  than 0.880 g/cm’.

The polymers, tackifier, wax, and antioxidant were simultaneously added in the
amounts indicated in Table XV to a Haake Rheocord 40 mixer using a 200 gram mixing bowl
maintained at about 130°C at 95 revolutions per minute. The ingredients were mixed for
about 5 minutes, until they became molten. The antioxidant employed was Irganox™ 1010

20 hindered phenolic stabilizer, and was employed in an amount of 2000 ppm, based on the total

formulation.

The resultant hot melt adhesives were evaluated for initial, 14 day paper tear at room
temperature, and 14 day paper tear at 50°C, close time, open time, and PAFT. The

formulations of the hot melt adhesives evaluated, as well as the data obtained, are set forth in
25 Table XV.
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10 More preferred hot melt adhesives, that is, those which exhibit at least 80 percent 14
day room temperature paper tear, include hot melt adhesives represented by the following
diagram points in Table XV: 1,2,5,6,7,9, 10, and 1C. Such preferred hot melt adhesives
will generally have the following formulation: 0 to 50 weight percent wax, 25 to 85 weight
percent polymer, and 5 to 50 weight percent tackifier, with the proviso that when the wax is

15  present in an amount less than 10 weight percent, the polymer is present in an amount less than
80 weight percent and more than about 60 weight percent, and when the tackifier is present in
an amount greater than 40 weight percent, the polymer is present in an amount greater than 28

weight percent and less than 50 weight percent.

Most preferred hot melt adhesives, that is, those which exhibit at least 80 percent 14
20  day paper tear at 50°C, include hot melt adhesives represented by the following diagram points
in Table XV: 1,2,5,6,9, 10, and 1C. Such preferred hot melt adhesives will generally have
the following formulation: 0 to 50 weight percent wax, 25 to 85 weight percent polymer, and
5 to 50 weight percent tackifier, with the proviso that when the wax is present in an amount less

than 10 weight percent, the polymer is present in an amount less than 80 weight percent and
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The resultant hot melt adhesives were evaluated for initial, 14 day paper tear at room

1020

temperature, and 14 day paper tear at 50°C, close time, open time, and PAFT. The
20  formulations of the hot melt adhesives evaluated, as well as the data obtained, are set forth in
Table XVI.
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A preferred hot melt adhesive which exhibits at least 80 percent initial paper tear .

5  corresponds to diagram point 4 set forth in Table XVI. This hot melt adhesive further
exhibits at least 80 percent 14 day paper tear at room temperature and at 50°C. The hot melt
adhesive corresponding to diagram point 4 contains 43.5 weight percent polymer, 43.5 weight
percent wax, and 13 weight percent tackifier. The hot melt adhesive corresponding to
diagram point 11 of Table XVI, while it passed neither the initial paper tear test nor the 14

10 day paper tear at S0°C test, passed the 14 day paper tear at room temperature. The hot melt
adhesive corresponding to diagram point 4. while it did not achieve 80 percent initial paper
tear, it achieved 100 percent 14 day paper tear, both at room temperature and at 50°C,
indicating acceptable performance as a hot melt adhesive of the invention. The hot melt
adhesive corresponding to diagram point 11 contains 43.4 weight percent polymer, 21.7

15 weight percent tackifier, and 34.7 weight percent was.

Hot Melt Adhesives Comprising A Homogeneous Ethylene Polymer having a Melt Viscosity
at 350°F (177°C) of 23.000 to 25,000 Centipoise (230 - 250 prams/(cm-second)) and a

Density of 0.865 to less than 0.880 g/cm’

The polymers, tackifier, wax, and antioxidant were simultaneously added in the
20  amounts indicated in Table XVII to a Haake Rheocord 40 mixer using a 200 gram mixing
bowl maintained at about 130°C at 95 revolutions per minute. The ingredients were mixed

for about 5 minutes, until they became molten. The antioxidant employed was Irganox™
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Preferred hot melt adhesives, that is, those which exhibit at least 80 percent initial

10 paper tear, include the hot melt adhesives corresponding to the following diagram points in
Table XVII: 1, 5, and 9. Each of the hot melt adhesives corresponding to diagram points 1, 5,
and 9 further pass both the 14 day paper tear test at both room temperature and at 50°C. The
data set forth in Table XVII demonstrates the utility of hot melt adhesives having the
following formulation: 45 to 85 weight percent polymer, 0 to 40 weight percent wax, and 3 to

15 30 weight percent tackifier. As no further limitations are apparent from the data set forth in
Table XVII, it is expected that the range of acceptable formulations will be extended to that
reported for the polymers having a density of 0.870 g/cm® and a melt viscosity at 350°F
(177°C) of 5000 centipoise (50 grams/(cm-second)), that is, 0 to 50 weight percent wax, 25 to
85 weight percent polymer, and 5 to 50 weight percent tackifier.

20 Hot Melt Adhesives Comprising A Homogeneous Ethylene Polvmer having a Melt Viscosity at
" 350°F of 5,000 Centipoise and a Density of 0.875 to 0.885 g/cm3

The polymers, tackifier, wax, and antioxidant were simultaneously added in the
amounts indicated in Table H to a Haake Rheocord 40 mixer using a 200 gram mixing bowl
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10 The resultant hot nelt adhesives were evaluated for initial,
14 day paper tear at room tenperature, and 14 day paper tear at
50[err] C, WO @360} ne, open tine, and PAFT. The f or mul a®iFAESIF236he hot
melt adhesives evaluated, as well as the data obtained, are set forth in
Tabl e Xlrhdintained at about 130°C at 95 revolutions per minute. The ingredients were mixed for §

- 46- minutes, until they became molten. The antioxidant employed was Irganox™ 1010 hindered
phenolic stabilizer, and was employcd in an amount of 2000 ppm, based on the total

formulation.

5 The resultant HMA’s were evaluated for initial, 14 day paper tear at room temperature,
and 14 day paper tear at 50°C, close time, open time, and PAFT. The formulations of the
HMA’s evaluated, as well as the data obtained, are set forth in Table XVIIL.

Table XVIII
DIAGRAM # 1 2 4 6 7 8 1111A 1B 1C
Sample No. 84 85 86 87 88 89 80 91 92 93]
5000 cps, .88 (wt percent) 85.0 32.5 434 25.0 47.5 49.9 43,5/ 100.0 70.0 70.0
Wax A (400 cps, 0.93
glem3) (wt percent) 17.5 434 475 475 49.9 350 30.0
Piccotac 115 (wt percent) 5.0 50.0 13.0 27.5 48 0.0 215 30.0
Viscosity at 350F (177C)
©ps (grams/(cm.second)) 3822 782 1300 666 1530 1455 1220 2610 2610
Close Time (sec) 20.0 5.0 5.0 5.0 50 50 5.0 40.0{— 10.0
Open Time (sec) 20.0 25.0 25.0 15.0 15.0 10.0 20.0]— 50.0
PAFT {C/moda) (oC}) 75/a 87.5/a j107.5/a [105/a 80/a 85/a 112.5/a {60/a 100/a 90/c
DENSITY g/cc 0.913 0.907f 0.804
CRYSTALLINITY (percent 26.3 19.8 35.6 257 40.0 46.1 32.8 25.4 37.2 16.6
PT - initial (percent) 100 100 7 20 73 o] 100 28 10 100
PT14 -14days 50C (perce 100 0 64 0 82 18 71 35 15 100
PT14 -14days at room
temperature {percent) 91 1 69 28 92 18 100 41 0 100

10

Preferred hot melt adhesives, that is, those which exhibit at least 80 percent initial
paper tear, include hot melt adhesives corresponding to the following diagram points in Table
XVIHI: 1,2, 11, and IC. The data set forth in Table XVIIl demonstrates the utility of hot melt
adhesives having the following formulation: 30 to 85 weight percent polymer, 0 to 35 weight

15  percent wax, and 5 to 50 weight percent tackifier, with the proviso that when the tackifier is
present in an amount less than 10 weight percent, the polymer is present in an amount greater
than 70 weight percent, and when the tackifier is present in an amount greater than 35 weight
percent, the polymer is present in an amount greater than 35 weight percent and less than 60

weight percent.

20 More preferred hot melt adhesives, that is, those which exhibit at least 80 percent 14
day room temperature paper tear, include hot melt adhesives represented by the following
diagram points in Table XVIII: 1,7, 11, and 1C. Such preferred hot melt adhesives will
generally have the following formulation: 0 to S0 weight percent wax, 45 to 85 weight percent
polymer, and 5 to 30 weight percent tackifier, with the proviso that when the wax is present in
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an amount less than 5 weight percent, the polymer is present in an amount less than about 80

weight percent and more than about 65 weight percent.

Most preferred hot melt adhesives, that is, those which exhibit at least 80 percent 14
day paper tear at 50°C, include hot melt adhesives represented by the following diagram points
in Table XVIH: 1,7, and IC. Such preferred hot melt adhesives will generally have the
following formulation: 0 to 50 weight percent wax, 45 to 85 weight percent polymer, and 5 to
30 weight percent tackifier, with the proviso that when the tackifier is present in an amount
more than 20 weight percent, the polymer is present in an amount less than 75 weight percent

and more than 60 weight percent.

These and other embodiments will be readily ascertained by one skilled in the art.
Accordingly, the subject invention is to be limited only by the following Claims.
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1. A hot melt adhesive for bonding cardboard or paperboard faces, characterized by:
a) at least one homogeneous linear or substantially linear interpolymer of ethylene with

at least one C3-C3( «-olefin interpolymer having a density from 0.850 g/cm3 to 0.895

g fcm3; and
b) optionally at least one tackifying resin; and
c) optionally at least one wax;

wherein the hot melt adhesive has a viscosity of less than 5000 cPs (50 grams/(cm-second)) at 150°C,

2. The hot melt adhesive of Claim I, wherein the component (a) comprises
at least two homogeneous cthylene/a-olefin interpolymers, at least one of which has a

density from 0.850 g/cm3 to 0.895 g/cm3, wherein the density of the blend ranges from 0.850 g/cm3
to 0.895 g/cm3.

3. The adhesive of Claim 1 or 2 wherein the homogeneous linear or substantially linear
interpolymer has a viscosity from 2000 cPs (20 grams/(cm-second)) to 18000 cps (180

grams/(cm-second)).

4. The adhesive of Claim 1 and 2, wherein the homogeneous linear or substantially
linear interpolymer has a viscosity from 8000 cps (80 grams/cm-second)) to 15000 cps (150

grams/(cm-second)).

5. The adhesive of any of the preceding claims wherein the homogeneous linear or

substantially linear interpolymer has a density less than 0.875 g/cm3.

6. The adhesive of any of the preceding claims wherein said tackifiying resin is a

hydrocarbon based tackifying resin.
7. The adhesive of any of the preceding claims wherein said wax is high melt point wax.

8. The adhesive of any of the preceding claims wherein the 100 gram peel values

(PAFT) are greater than 40°C

9 The adhesive of any of the preceding claims wherein the viscosity of the adhesive is

less than 2,000 ¢ps (20 grams/(cm-second)) at 150°C.

This Sheet Has Been Repluced
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characteri zed aéaxf\%:{egxs(PPEQ%HmE&eEmufer&%‘ﬂbﬁzgmhﬂem} exhyl ‘Oyfﬁ‘éié @
¥ A B,

froma statistic Tear [e -

40_ 4636~ B Bavipp agisasinief0.885 138 895 KA and & melt iy 1 35GF € 17CTo

and C are tbféﬁow\/@érﬂbbxs@@m@a@ gragrls/(taeqond)y ard is pravidedfto éie, hoamellt ughesipe esent i n
t he hot nelt adhe respect ively. Such nost preferred hot nelt
adhesi ves 3AMYRECk Y to t“""lght Pertei¥hesi ves corresponding to the fol | owi ng
di agr am poi nt s Cempéiehe(blis pPovided ib,an @mod@,of fiBm Gurecb03¢eight pSceiBuaid preferred
hot nelt adhesives will generally have the followng fornulation: 0 to 50
wei ght per cent . ' to 50 wei ght
percent tackifi &eﬁ’gﬁﬁpo&& &95%?%‘}%295?%?%%?ﬂgfb%/mwg%h%%g&{‘gckl fier is
present in an anpunt |ess than 5 weight percent, the

presen?® i n an awihiie RIPYER WAt WheAhEBCKIBSTGR PTesROF Hgaf 2mqupt less ‘gﬂ‘r%n‘ﬁ?igmot abl e

that petEran the H&ﬁd@@ﬁéou?ﬂﬂdaﬁ@r gubdanally Yinedr ethylene Pol@mer is prdsegdn athan 0. 875
g/cnB is errpl 0 td
- 49- amount of at least 50 weight percent.
15. The hot melt adhesive of Claim 14, wherein the homogeneous linear or

substantially linear ethylene polymer is present in the hot melt adhesive in an amount of from
25 30 to 100 weight percent, the wax is present in the hot melt adhesive in an amount of from 0

to 25 weight percent, and the tackifier is present in the hot melt adhesive in an amount of

from O to 50 weight percent, with the proviso that when the tackifier is present in an amount

less than 5 weight percent, the polymer is present in an amount greater than 80 weight

percent.

30 16. The packaging article of Claim 14, wherein the homogeneous linear or
substantially linear ethylene polymer is present in the hot melt adhesive in an amount of from
60 to 100 weight percent, the wax is present in the hot melt adhesive in an amount of from 0
to 25 weight percent, and the tackifier is present in the hot melt adhesive in an amount of

from O to 30 weight percent, with the proviso that when the tackifier is present in an amount
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%?3&83?22366 “Ilmeluln lﬂﬂﬁ%ig@f SHERT W&E% ios is gr eat |y

expanded WPA8/B63 accept abl exr an REPLAGEDyner havi RgTH ﬂT’{:ﬂﬁ@r
density is enpl oyed. Hot Melt AdREST Ves Conpri SI ng A Honpgeneous

Et hyl endesPthay Aoveigha pemggntathb/bbmogénemusdintar or substaatiallFAbkarathyfene pékmer i C) of
2500 Ce {‘és&ﬁ'xt?%xér%émﬂrgmf g&gg@@)c hf’?"g Density of 0.880 to 0.895 5
g/cnie po ymarsg ackifier, wax, and anti oxi dant
wer e SI mul t aneously added in th armunts indicated in Table XIV to a
Haake Rheocorld- 40 Thehst "@BP#&SW ohBlayp dnwherminhg bow nai ntained at
about 130[err]C at 95 revolutions per mnute. The ingredients were m xed

1|‘or about 5 nTawp&fent @Nisial hokfdgshebeCiaizer cfmhbﬁimlamhﬁxeamzhﬂéﬂémyméﬁp: Oyeg was
I gapox [ A0 | zer oyed in
an a?mu&ll 1!(‘:1)4 ag uBy of&%&@ to le%qEanPSﬁqE/?ﬁ Ar{ a]PYl CO. %t 3%@% W (5”?

The res (ﬁﬂotraftﬂOOh@ﬁOWmtlminéﬁve@ mme/(malcgm)mdfmpromded inadn, andoindefy paper

tear at & ure, and 14 day paper tear at 50[err]C, close
0%9 85 t . .
time, ogré)%’ trcr)ws %H%H%%f%g The formul ati ons of the hot nelt adhesives

eval uated, as well as the data obtained, are set forth in 15 Tabl e Xl V.
Table XV Component (b)[3 propisles ip an amount of fyom S to 50 weight perceny and

1A Sanpl e 62 63 64 65 66
67 6&:omponent (BQ& yﬂ%fde@m(z&muﬁp& from 08#5BweightPercent; 43.5 40
99. 81 894 g/cc) wt. percent V\ax A (400
Ccps,,.. 937 7.5
g | C(}? . per Cg'l tpe provnso tlﬁ,t 8/(}:1% %.18 tafﬁ)ﬁer 15 presSrét na AR, gmoynt less %1611 20 welghﬁ_3

percent, the polyn®@ is present in an mount of at ledst 3T weighypeatenB50[ err ] F 533
759 725 2725 1232 1202 (177[err]C) centi poi se

g-gr ans/ (cm s ngnd)the adhesive of @lzﬁx?el 7Tmeﬁ1$ﬁ&ﬂomo_ﬁeﬁe5us lincar or@ubstaéx(t)xally 15
25 hniabr ethylene polymer is presenétp an amount offg)%)‘?{l to 85 welg(ht per%cnt the wax is

present in an amount of from 0 to 50 weight percent, and the tackifier is present in an amount

10

15  of from 5 to 50 weight percent, with the proviso that when the tackifier is present in an amount
less than 10 weight percent, the homogeneous linear or substantially linear ethylene polymer is

present in an amount greater than 40 weight percent.

19. The adhesive of Claim 17, wherein the homogeneous linear or substantially
linear ethylene polymer is present in an amount of from 25 to 70 weight percent, the wax is
20  present in an amount of from 0 to 50 weight percent, and the tackifier is present in an amount
of from 0 to 50 weight percent, with the proviso that when the tackifier is present in an amount
less than 5 weight percent, the homogeneous linear or substantially linear ethylene polymer is

present in an amount greater than 50 weight percent.
20. The hot melt adhesive of Claim 1, wherein:

25 Component (a) is a homogeneous linear or substantially linear ethylene polymer
having a density of 0.885 - 0.895 g,/cm3 and a melt viscosity at 350°F of from 1500 to 3400

centipoise, and is provided in an amount of from 40 to 85 weight percent;
Component (b) is provided in an amount of from 5 to 30 weight percent; and
Component (c) is provided in an amount of from 0 to 45 weight percent;

30 with the proviso that when the tackifier is provided in an amount less than 10 weight

percent, the polymer is provided in an amount of at least 50 weight percent.
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Crystallinity (percent) ¢ 80 E%@CED 3 24. 3
?8 68 P-El I nfﬁeﬁ%&ﬁxﬁ?%%@x% ))%%i im 20, wé18re9n the horBogeneous hngaé or g 8
15 sgl@gmnally lineageghylene polymer is prﬂg@trle amamount of from P¥ 1185 weigltspeatent,oom
85 i wax is Sl%sent in an aMdunt of fronQO to 50 weight®Crcent, and the dckifier is present in

tenperature ( er%? efers to Paper Tear

Pr ef er r ed 2R3MORRY| ffaa*rée'glwselghf H%ffe'ﬁ‘ y*twth%gr@vwhehw@mhhw istprosenidn a0
percents i ambustlless than 10 vasihi pctreeﬁult,,thd ;ﬁlﬂjfmldes ;h'9§enniﬂ|ah aﬁxdiihﬁSés‘dﬂﬁn(SOWe%pondl ng
tothefollovmnﬁ oc% r‘%d”l et 3 nzdw tkl&. Xl V: and 1C.
The hot mBFFeHGRLTOLhanR0 e B ST n'é s oheﬁg‘;’} an bﬁfhstpfisei“ﬂ“ an a'“°““F§ffTaé¢YX| V
cont ai ns &mnabdg 40 “p@npmenpobwmymerﬁs preseghin ap emoentigrdatee Kiah 28 mweighnd 10

wei ght hehQl mel t adhesive corresponding to diagram
poi nt 1C ggrﬁ%rg:%ﬁéé& ﬁe& eperk -
- 50- VWO 98/ 03603

PCT/ US97/ 12366 22.  Thsdworepit afhesiyeel Claimi2Bwheminghe heseqeenspus lingakpf i er .

Furthag, fsmmﬂanﬂmear AhaRipsBmer is presemﬁ asmm.t B rdrR zsitcaszsraagm%f&nﬂ in
Table XIV, while it did not a‘aog,leve 80 ent initi er tear,

achi eved 150¥3e? BESRNt NANRRPUpLE dfom %é?r”‘fﬁ% P%(Fe'}‘r?&f’naﬁleéﬁ%‘éf e&t‘ﬂ?” eseatil at
S0[ err] C, an amouitpéiroatd 0G0 aeimhppating witthoprowischanshen thokax®pteséifesi ve of
the i nvent aon Fu;lt h St i hot nelt .adhesi vrgbc%O{hrae%)ond ﬂg to

di agram pOI n%mti tha lan \a[eegthérSﬁ_rl\p%he polyrra:r is pre entafg ngmou

initial pap"e&nttaedamoﬁabm @X/\edgfamrpemcmtwhrutmagckﬁ'@pesrprtsemm an axﬁ@t[neiqsﬁ C
i ndi cg§i Nghap 10 we%@?&&éﬁ?'tﬁe ;Rﬁ%ﬁ&ﬂﬁﬁr@é‘eﬁt mnamtm ghiater 1R2HBE Ve Pefrcénhe

I nvention. Such pre erred hot nelt adhesi ves correspon ng to the
diagram points 1, 1C 1D and 4 in Table E will|l generally have t he

fol [owi ng for m#Pat i okpe hebmelh aghssiye plyhleiny &y Whieinot t he honogeneous | i near or
10 substantially linear ethylene polynmer, 0 to 45 wei ght percent wax, and
5 to 30 wei ght genpsieht (a)isa hohﬁﬁ&ieﬁlhse![near\/mﬂshbstdﬁﬁalmIméhrsah)tlmtpo\mﬁﬂ t he

Lacki 11 er phinRl BSRRY of 8 488 ATRUEL, d B85 LA Sl Wy ac 350pPT 7R or 1

pol ymer i8§ mount @ty? Hot
Mel t Adhesrea@s th@n P9 eentipoise Gé@wg@ﬂemscogé)hyncémr eylrman paoum gf fromeds

Vi scoshtyy, gs o [err]F (177[err]C) of 1800 Centi poise (18
gr ans ?cmosecgﬁlé?s pe g a Density of 0.860 to less 15 than 0.880 g/cnB.

The pol yners, tacki f i er, wax, and antioxidant were sinultaneously added in
the Ao UIOEPRERt SR B BroVHed RATGEmEpn f TEpm B 1980 YHBHGEFETEMr xor usi ng
a 200 gram m xi ng bow

Component (c) is provided in an amount of from 0 to 50 weight percent.

24. The hot melt adhesive of Claim 1, wherein

Component (a) is a homogeneous linear or substantially linear ethylene polymer having
25  adensity of 0.875 to less than 0.885 g/cm3 and a melt viscosity at 350°F (177°C) of from 3,500
to 6,000 centipoise (35 to 60 grams/(cm-second)) provided in an amount of 30 to 85 weight

percent;
Component (b) is provided in an amount of from 5 to 50 weight percent; and
Component (c) is provided in an amount of from 0 to 35 weight percent;

30 with the proviso that when the tackifier is present in an amount less than 10 weight
percent the polymer is present in an amount greater than 70 weight percent, and when the
tackifier is present in an amount greater than 35 weight percent, the polymer is present in an

amount greater than 35 weight percent and less than 60 weight percent.
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ant i oxi damoeamﬁeye atEmnder eq phd(ElVE7/12366
stabilizer, and was errpl oyed in an arm )ased on the total
formul ation. The hot melt adfidséverod QUdimadat whertinnisd Honﬁ:@bmsus/le&amr e eval uated

for |n|t 14 day paper
t ear %mm.}ﬁ%@kﬂ rgﬁ@%e ?ﬂs% et RFCP Hiin an ang. ub?ﬁ'e mzli'%y{oegs we’g B¥ftat i ons
of t he hibe Wa Istpresenian py amouny of ﬁamé)do SQSVC!@I pereqnt,ahdthd gackifisbisarased in ar e set

]I;CC)EI'} [‘JS'g?/niagn?)oggtT S X36 30 wei ight percent, with tﬁ@r%!oqgﬁr\’v@len the wax _ILs %rlesenw an

DI AGRAM@2mount less than 5 weight percent, the po_hl_ymer is present in ag amount less thar? 80 ;eight 9 10

I A 1Bpercenildnd more thab®Meizht percent 69 70 71
72 73 74 75 76 77 78 Pol ymer D

84. 83 32.5 41 4 (1800
cps, .872 9% The h(%?nelt aﬂZesRe)oq'zflaﬁm 24v¥9eri\n }%%mogeneousglﬁarg(}r cc)

9.98 1sixb$antgﬂg $inear 4thyE¢ne potyser is p@gent in apGimount of frofh 45 1030 wight percenf, Wt

ger cent )the wa:ibs ;ﬂ:s@ﬁt% af aﬁ'ﬂ&ﬁﬁ ()Wrorn‘?)rtg gakx)elgvt %ercent and thé t%gé' ris ijr’egzn( 77?er r2]7C)5
144210 WOMmem 515930 's*asht?efcemswh thmlsov'%b@ Whme& tackm"@w present in

cent i poi zﬁﬁn{cﬁhﬁrﬁﬁ{e(tﬁmmmbhrcem thé pdlydhpr i6 predet (rSan adlouhdiesd Man(789. 6) (7. 82)

( 7 65)2 0(\%381('201%?ex(c nt an)i g1(ore t’hé%)60 wetfbt perc%?\te Time (sec)

mai nt ai ned at about revol utions per mnute. The i ngredi ent s
wer e m:xed f or l mil ‘:@H , ‘ |5I5Hg[5{yHAgegaErt¢ nmol ten. The

20 20 Open Ti ne (sec)
30 45 40 15 10 10 5 15 50 PAFT
(C node) 27. The hot melt adhesive of I0ai8i71, S5¢lerein tBGombgidreous 1ihedt/ @ 93

]1‘ é?lga gstarﬁgﬁgixﬁ?é ?\9 efte polymer (9’ cﬁﬁﬂaﬁ“n&@i s %%@gﬁ? f&b.}SO to 0. 895|:ﬁ1°m initi aI

( per Bent wherein the hot melt adhesivg3s charapgmized aso@rrespogging to B¢ followd inequaliyy: 10

100 40 PT[ 14 - 1l4days 50[err] C (percent) 88 100 100
77 15 9PT > 1027902 *A2(0,96395€6C + 300Q846*B + 1B |o44+B4days at room
95 100 100 90 98 100 25 50 100

tenperature ( refers to r

Preferred hot WHUEE %H*es.‘*vdég roQ ety e MR 20 A BB € 28 U gigh g0

per cent penéent off the polymep dgkifiet ,exmd waxnp thedwt ekt adiebive addpestivelys cor r espondi ng
to the following diagrampoints in Table 5 Xv: 1, 1B, 2, 5, 6, 7, 9, and

10. The data st f ki Rod el Sved! ESIPNSINEALR thettdRiopdrebisiibefor

20  substantially linear ethylene polymer of component (A) has a density of less than 0.880
g/cm3, and wherein the hot melt adhesive is characterized as corresponding to the following

inequality:
PT 2 101.746*A + 38.2428*C + 86.0133*B - 56.2418*A*C + 55.2941*B*C + 1350.15*A*B*C,

wherein PT is the 14 day room temperature paper tear, and A, B, and C are the
25  weight percent of the polymer, tackifier, and wax in the hot melt adhesive, respectively

29. The hot melt adhesive as set forth in any of Claims 14-28, wherein the
homogeneous linear or substantially linear ethylene polymer is an interpolymer of ethylene

with at least one C3-Cpq a-olefin.

30. The hot melt adhesive of Claim 29, wherein the at least one C3-Cpg a-olefin is
30  selected from the group consisting of propene, isobutylene, 1-butene, 1-pentene, 1-hexene, 1-

heptene, 4-methyl-1-pentene, and 1-octene.
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percent tac Pf%s@i‘ 03 i 't

tche tpr 8vi 80 t hat V\heREPh‘tCED acki fier
present in an armunt | ess than 5 wei ‘/mer._1s present. in
an amount3 lgr ealherhot sl adhesiye p&&{ambg? d@mem thg homogeneous linear oy gybstantially
pr ef er r ed jjRedr efBidne polyAst i@Substdntihlly Bneai fibpene/dolfin @érpblyine Athalae &esize Bk
per cent 14 day room tenperature paper tear, include hot nelt
adhesi ves "P¥BFesent ed by the fol | owi ng di agram points in Table XV: 1,
2, 5 6, 7, 9, 10, and 1C. Such preferred hot nelt adhesives wi ||
general ly have 4 he f oimelbRbwgaticohywib2t5.@: 0 to 50 wei ght percent wax, 25 to
85 wei ght percent polynmer, and 5 to 50 weight percent tackifier, with

the proviso thaf \Ahepmbﬂeunmzfe &1 disRributioR MASARL, dbfhea%r%%d;ﬂlmdnesﬁlwtllblark(1%/12)
wei ght “percent, the poé'}ltawé is present in an amount [ess
n

wei ght percent and about 60 wei ght percent, and when the
tackifier is present in an anmount greater than 40 wei ght percent, the
pol yner is present idcriticabshedtiite @ @Béteirl sirfies m2h fracture ofweleght 50 pateaent and

| ess than 50 ref | t
adhesi ves &rffat agéft'e ‘It)ﬁﬁglesgﬁﬁlrat at % Pn5et Of SprTace "l\éﬁ{%%ﬁ&f)eeorf%é'ﬁlg e eqlﬁboﬁym%fay
paper t eathavhg bSksially the samelpahel MafMpel t adhesi ves represent ed by the

foll ow ng diagranlpoints in Table Xv: 1, 2, 5, 6, 9, 10, and 1 C
such ppeter red eho% ﬁ%hﬂ&ﬁewfela.ﬂ% ecvﬂérk.é éﬁ@u& r more utciaﬁ.eisoilmeCw
f or nul t|on o 50" we rcent per cent

and feom @CRG)OWOQﬁﬁ“‘}Bé’f elél?ha“'f 56 Iz?smseﬁf"yteﬁpffr? rEsiRS, ddvﬁe%‘e‘é Ffatﬂsméﬁ“i‘ffﬁ*e

wax is presgdticlaforddlicdBimiNfosin@Strs, hydrogehdtedirodil evweisOdid ap@iiatie o, redife pol yner
is present In an anount |ess than 80 wei ght percent and

-52- 98/ 03603 L
PCT/ US97/ 12366 33 WPH@F@”?%’(QH PEYeRe D! H?S'?)%r cent, and when the tackifier
is present in an anount |ess than 10 weig ercent, the polyner is
present in an am)untregﬂmatbmcor!tMMg@Glmeﬁmat&Ftéé 0‘I -olefins U"defs"l“tw“lt is
not abl,g t&%‘ mefSathdh ctopﬁn&%sﬁnﬁ)é prefacda d&"ﬁit?anféﬂ? aﬁf sIMﬂoEﬁ\ﬁSﬂﬂtxh on
cont ai’hi ng & ss _than

having a d nS|
0.880 g/ crif lnﬁaﬁ]onarﬂactar,ﬁ%Pﬂod%eééag'PPng "&e"fgsﬁ'[ﬂ'ée???rﬁu?si%‘f& ET“&} of 5000
centi poi sg,o(ymr %@dﬁﬁé ﬂﬁm@mﬁﬁm‘)or ethwlefdiard thoityemet onb avolefin, shedtmnmigeneous of

from 0. 86 cnjerr f,hat
t he range 'Bfarorsu S‘%g‘gb‘e*%‘i Rl ?rw1"§tc¥]%ﬁ°§?rén?%§¥a?glgadte" °?)§'§§‘?}1§§bd‘ over
t he accepteadsise/emahge when a pol yner havi ng a h| gher density is

enpl oyed. Hot Melt Adhesives Conprising A Honogeneous Ethyl ene
Pol Yef, having @ Mel Ifé{kn%}%?%bﬁt)(culﬂ ethyfne %ﬁpb&'{d’n]ify,ﬁtllz%[t@ fdz@a-@feﬁﬁ-z 000

Centi poi se (120 gramns Second and a nsi t 95
g/ cnf err] under solution PO‘Y'""”"‘HH'@“ PUIAIRES N “’Fé’é??F‘?‘ieé’}(a °‘?/V§Sfa’"%ijrﬁf°5‘ﬁ’tr?' 8@5?*53{nt wer e

si mul t ane%ﬁlpﬁsnﬂ&d éflatl 18ast bR other reactor, to produce a solution of a homogeneous wax having
a density of 0.920 to 0.940 g/cm’;

c. combining the solution of the first reactor with the solution of the second

25 reactor to form a solution of a blend;

d. removing the solvent from the solution of a blend of step (c) and recovering the

blend; and
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 (b)

' 30  wherein the resultant composition is characterized as having a viscosity of less than 5000

centipoise (50 grams/(cm-second) at 150°C.
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amounts indicated in Table XVI to a Haake Rheocord 40 m xer using a 200
gram m Xi NGy owm nmumintained at about 130[err]C at 95 rey@},ygg-,ga_%‘;per
m nute. The PRE{P%G(?Pents were mxed 15 for about 5 minutes, until they

becane nolten. The antioxi dant enpl oyed was |rganox[err] 1010
hi ndered phenolic stabilizer, and was enpl oyed in an anmount of 2000 ppm
based on the total formulation. The resultant hot nelt

adhesi ves were evaluated for initial,l14 @ay paper tear at room
tenperature, and 14 day paper tear at 50[err]C, close tine, open tine, and
PAFT. The 20 formul ati ons of the hot nelt adhesives evaluated, as well as

the data obtained, are set forth in Tabl e XVI.
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DI AGRAMH 4 | 1
Sanpl e WQ 98/03603 79 80 PCT/US97/12366
Pol yner E (13300 cps, .893 g/cc) 43.5 43. 4
wt. percent Wax A (400 cps, .937 g/cc)
43.5 34.7 wt . percent
Pi ccotac 115, wt. percent 132/ 6 21.7
Viscosity at 350[err]F (177[err]C) 2260(22.6) 2740 (27.4)
centipoise (granms/(cm second)) Cl ose Tine
(sec) 5 5 Open
Ti me (sec) 25 (1 20
PAFT ( C/ node) 100/ c, 107.5/ co
DENSI TY (g/cnferr]) 0.9 0.92 ©
Crystaliinity (percent) 0 35. 6(
PT - initial&(percent) g(ﬁ 72.00 o
PT14- 14days tg0[err] C (per 98. 00 S
PT14 -14 daya at room e o
(percent) ~7"~A preferred hot nelt adhesi t% at
| east 80 per-den 'ry'ztl’al paper fear 5 corresponds to O int 4 set
forth in Talf e Xy. 'gi?_ t me]t adhesive further exhNQf'ts @1 | east
80 percent 14 dayJRaps! _tﬁqr at] room tenperature and at 50[err] S The hot
mel t hesi ve Ft}‘mespondi g to diagram point 4 contains 43.5 yweight
percent pol yRer, 43.5 Wi ghlt » percent wax, and 13 wei ght percefpt
tackifier. The hot nelt ;atllesi vpeSgorresponding to di agram poi pt 11 of
Table XVI, while it passed n®y the initial paper tear test nor f{he 14
10 day paper tear at HO[err] gnst, passed the 14 day paper tear &t room
temperature. The hot nellt hesi ve correspondi ng to di agram p¢int 4.
while it did not achievl 80 pefkent initial pape te it _&¢hie
100 percent 14 day pa@etl i€ar, both at r]%d
i ndi cating acce/Bal et ce as a hot Ent i O@N.
The hot nmelt Y ' F espondiag te_di agr f ns ¥3. 4
wei ght e&cegt S o k}t/ﬁercbnt t BRN  &esght
per cent “Vias. w SAd e sl | Sng:
Pol yrrergvi ng \ SI Lyl . >osat 8ol 3,008 t o
25, 000 tipoi sRPRIY Bg;fg_r_qg___/-_(:g s of &
0.865 tpLl ess than B/p8&lglentet+F —— A fieg
wax, and anti oxi danteowdrdNsi nmul o
indicated in Table XVIN thw\a~abke Rheo®ord 40 4 fm
m xi ng bow maint 3fA&Y at Br
m nute. The ingredients were nixed for about 5 mnutes, until |{they
becane nolten. The anti o?<i d bpl oyed was | r ganox
54 o

(=]

2

o
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1010 hi ndered phenolic stabilizer, and d
in an anount 0198/3%?86 ppm based on the total formulati o%’ﬁgm}l%s -
The resultant hot nelt adhesives were evaluated for initial, 14 day paper
tear at room tenperature, and 14 day paper tear at 50[err]C, close
time, open tinme, and PAFT. The 5 fg;n}n@ti ons of the hot nelt adhesives
eval uated, as well as the data obtained] ‘are set forth in Table XVII.
Tabl e XVI | DI AGRAM#

1 5. 9 Sampl e

81 82 83 Pol ymer C2 (25, 000 cps,
. 871 g/ cc) 84. 83 o (wt rcent)
Pol ymer C (23,000 cps, .871 g/cc) o 62. 416 47.

(W percent) - w Wax A (400 cpsb.937 2y (W
percent) ol 9.98 9.99 L. 38 o

Piccotac | 15wt percent) X 4.99 27.

Viscosity atg®@50[err]F (%77 B genti poi se 171Q 440
(grans/ (cm sgond)) 4 - - (88. 8
Close Tinme (gec) i 5 5 <
pen Tine (s8e) g ﬁ 25 50 -
PAFT (C/ nmode} & e 110/c 110/c 110/a

PT- initial 8er Y ,.OIL 100 100 100

PT14- 14days 50[err » t) 100 100 100

PT14 -14 days at room e at ur g percent) 100 100 100
* PT refers to Paper Teaj Preferred hot nelt adhesives, that
i's, those which exhibit gt t {80 percent initial 10 paper tear

i nclude the hot nelt adhgsives Cbg¥esponding to the follow ng diagr§m

points in Tabl e - 5,8and 9. Each of the hot melt_adhesjve

correspondi ng to diagr anﬁ!p urt her pasg both{t hg=14
day paper tear test bidt h 50[ err] C." The 7
data set rth in : ity ofShot _kelt aghefves
havi ng t Nes : ymerep O
to 40 t pe As>no
further 1t atid [
XVI, ithls expe %EE
extended to that 18).§70
g/cnerr] and a o
o

o

o

«

0.890
0.880
0.870

POLYMER DENSITY



(177[err] C) of 5000 centipoise (50 grams/(cmsecond)), that is, 0 to 50

wei ght  per cgiyf ogiR¥os 25 tO 85 wei ght percent pol yner, anq,c‘i-,‘g@-,,@,“
wei ght percent tackifier. 20 Hot Melt Adhesives Conprising A Honbgeneous
Et hyl ene Pol yner having a Melt Viscosity at 350[err] F of 5,000

Centi poise and a Density of 0.875 to 0.885 g/cnferr] The

pol ymers, tackifier, wax, and antioxi danft Gwere sinultaneously added in the
anounts indicated in Table Hto a Haake Rheocord 40 m xer using a 200 gram

m xi ng bow - 55-

WO 98/ 03603

PCT/ US97/ 12366 mai nt ai ned at about 130[err]C at 95 revol uti ons per
m nute. The ingredients were mxed for 5 m nutes, until they becane

nol ten. The antioxi dant enpl oyed wasgd rganox[err] 1010 hi ndered

phenolic stabilizer, and was enpl oyeg in an anmpunt of 2000 ppm based on
the total formul at i on. 5 v The resul tang® HVA's we
eval uated for initial, gl4 day papeﬁﬁ r at roomteg@er re,
day paper tear at 50[ef]C clg &, open tine, d PAFT.

e
formulations & the o s qvalkrated, as wel | fars 0
are set forthyg n Table ﬁ
Table XVIll > 1 &
7 8 &1 1C Sanpl e 8 84
85 86 o 9 90 91 %900
cps, .88 (wt MR .5 43 4 25.0 47.5 . 43.5
100.0 70.0 = 00 cps, 0.93 g/ cnB) bt )
17.5 43. 4 35.0 30. RC¢ot ac
115 (W percent) "4‘3 0 27.5 4.8 0.0 21.5
30.0 Vi scosity at 8 cps (grans/(cm second))
3822 782 1300 666dz 3@ 1455 1220 2610 2610
Cl ose Tinme (sac) 0.0 5. 5.0 5.0 0 5.
40. 0 - 10.0 k&en Ti g 20. o & OE
15.0 15.0 i (8o
75/a  87. 5/a 3085 QO
DENSI TY g
CRYSTALLI TY pr B 1o
32.9 @ 4 S uiv
20 @ =
(perce LL_ 100 15
100 o
(=]
B
o

0.890
0.880
0.870

POLYMER DENSITY



PT14 -14days at room tenperature (percent) 91 11 69

28 098;()? 100 41 0 100 10 PCT/US97/12366

Pr eferred hot ? adhesives, that is, those which exhibit at |east 80
percent initial paper tear, include hot nmelt adhesives correspondi ng
to the follow ng diagram points in Table XVill: 1, 2, 11, and 1C. The

data set forth in Table XVIII denonstrg ¢sGthe utility of hot nelt
adhesi ves having the following fornulation: 30 to 85 wei ght percent
polymer, 0 to 35 weight 15 percent wax, and 5 to 50 wei ght percent

tackifier, with the proviso that n the tackifier is present in an
anount | ess than 10 wei ght percentithe polynmer is present in an anount
greater than 70 wei ght per ceflt and when the tackifier is present in

an anount grgater than 35 weigh c,o percent, the polynmer is present in

an anount grEater than 35 wej 13)§cent and | ess than 60 wei ght
percent. e prteferred hot nelt adhesives, that is, those
whi ch exhi bi® at percept 14 day room t enperature paper} tear,
i ncl ude hot 1, repréesented by the foll owi ng di agram
points in TdDl e 1,‘° 1 11} and I C. Such preferred hot nelt adhgsives

wi | | thef)llovm'ngforrmlation: 0 to 50 wei ght gercent
wax, 45 to qt polymer, and 5 to 30 wei ght percer
tackifier, Vth t |sqtha1 when the wax is present in o

- 56- 03603 e
PCT/ US97/ 12366 Le than 5 wei ght percent, the pol ym&Y is
present in an anount Ie§s t 3 wei ght percent and norqg than
about 65 wei ght percent h e= I\/bst preferred hot nelt adhesi|ves,
that is, those which exlﬂiajt at | east 80 percent 14 day ‘gaper tlear at
50[err] C, include hot | tv: agbregi ves represented
points 5 i n Tabl 0 and 1 C

—

wi ||l general |l ¢ havs ' > |l owi ng for
wax, 45 to 85gei gh v poljymer
tackifier, wth wh

nore than 20 W

75 wei ghlfberc s T

These an t her en | TBLE-S—WH T} Be iy
the art. S e_quhfect I

the fol | py¥ng O ais. {

2500

[ = Q
] -4 S
m »

c o o
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charactort zed oy: I IH ARINAHR " &5 oo f”eaﬁf‘pﬁﬁi"’ﬁéﬂogiﬁiius; 3

li near or substantiall y li'nedr fnterpol'ymer of ethylene w-th . ve

at |east one ( err]a&behé adh&ivelfooflihg cdrdtogidRe byﬂgﬁfoarﬂrfﬁ:gé ﬁ'ﬂac\f\érfzg'd

constrai ned geonetry or single site net§1locene
Faigerr] Gng DRV daRBbh RSO e BB e B
resin; and at least one C3-Cyo ogglefin interpotyimen piepayedawith aconstrained gemmetry or
‘é"p:rngi/ ?Cﬁnhgegg; d;f;v" sté tgfl’éi'{gcgﬁﬂe\’aﬁf%ﬂéca@alyﬁ %ﬁquvﬁ&g OJenJu%%mzé‘% g5c QQo 85"55[
adhesisve of O ai m Ycmihaed ei n t he conponent (a) conprises

o Lgast Lo hgmooeeln, oL AASLLALEL et o pol yers, at | ﬁﬁf;?f?
wherei n the demsi tyopubnaillyat lbdlseomt waxnges from 0.850 g/cnferr] to

whor ei 1 ¢ RBHBHseh BBl &Rl sghesibe e Py fhsnangrams Eriseconas af 10
i nterpolynmer has a viscosity from 2000 cPs (20 grans/(cn1second)) to 18000

cps (180 %ﬂ nms/ (cm_ second)) The
adhesiPve of aZi m 1Thghat melt 3ghesiveiah aya 1h8?ﬁ5@%ﬂ’§6&‘§”"i¢ﬁé%)r¢°6‘lpnﬁeﬁbst antially

20 linear inter poityeaﬁrtw@ﬁ&n@erveo&ca@l&wdf asma @Q%nﬁ&% (30 sOSrRIB b/Ridh has a

mel t

2

second)) to 15000 granms/ (cm second)).

5. THensiy g %spo(g/crm?o@?s ere’ yh@re'edhemgn%wif e blené Faakes frome0-BredgeTieous
| i'near 015895 o/em?’. substantially linear interpolynmer has a density |ess

t han 0. 875 g/gcrr[ err]. 25 6. The adhesi ve of any

of the preceding clainms wherein said tackifiying resinis a

hydr ggar bon b &S ed t’ﬂ'ﬁ lﬁhﬁe¥fv99f (Elgr?d p?r 2 whert;,,i\;rl_lthe homo%eneo s linear Zr su agnhxll:l}gllmear

adhesive of any of e preceding clalns erern d wax s t p0|nt
wax. interpOlymer has a viscosity from 2000 &s (20 grami$i@masdtnad)) v 1 89P0 am)(lm‘ t he :
preceding cl ai ms wh ein the 100 gram peel val ues (PAFT) are
gr eat er t%Fﬁi‘?’??( on).

4. The adhesive of Claim 1 and 2, wherein the homogeneous linear or substantially

20  linear interpolymer has a viscosity from 8000 cps (80 grams/cm-second)) to 15000 cps (150

grams/(cm-second)).

5. The adhesive of any of the preceding claims wherein the homogeneous linear or

substantially linear interpolymer has a density less than 0.875 glem’.

25
6. The adhesive of any of the preceding claims wherein said tackifiying resin is a
hydrocarbon based tackifying resin.
7. The adhesive of any of the preceding claims wherein said wax is high melt point wax.
30
8. The adhesive of any of the preceding claims wherein the 100 gram peel values (PAFT)

are greater than 40°C

9. The adhesive of any of the preceding claims wherein the viscosity of the adhesive is

35  less than 2,000 cps (20 grams/(cm-second)) at 150°C.
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9. The adh’jﬂl"H”mfugHm”ﬂ he preceding clains wherein the viscosity of
aggcédhe5|ve | 'Sy e e dl'eds t han 2,000 cps (20 grans/(cnlseoond)jzéfa
.- B o NN s s I 8 '
Bl|29‘528 10.  The adhesive of Cldinh 2 wheT¢im thedlend iof/knearf orGhbstamiiddlywinearei n t he

end of .linear or substanti.all i ne [ rs has a
Vi scosi t&“‘ﬂ?&f'%%h%ﬁ“@ﬂ ‘t@ﬁ”ﬁ%@%@‘?ﬁ? LRTYEBTSOrY ‘fé%@rc%g?% 150
granms/ ( crySRKemdddond)). 5 11 The adhesive of Claim?2
wherein the blend of honbgeneous |inear or substantially | i near
I nterpolyners has a density less than 0.875 g/cnferr].
12. 5 A cartqn, cageaBesiVé 0CIkk 1 WEdr&8 1R bkl oMInogattb@sSliné® P futaytidly t he
preceding cl ai ns, . Wherein the hot nelt adhesive has a
vi scosi t yinedr intergelymprs hassssnsitydoo thae 873 oMgr ans/ (cm second)) at 10
150[ err] C and can be applied at tenperatures of |ess than about 150[err]C.
13. A package conprising at |east one substrate bonded with the hot nelt
adhesi ve 12. A cagon.zase aptray Hdizipgadetineladhpsyernf any of the preceding claims,
14. The ,hot t hesi.ve . of I I
Conponent™ t%)" t|E'résal“<’31t r%gr?ggeéﬂlgggssa ‘i%cggé ro} 5t é,\{'sHu %Itogrnstoio%qu)gsq %rﬁrgg(rcmésteﬁcilﬁd)e)r? e
pol ynmer 150°C antizan beappliedgt engperasirds pf bfs tBarBBOuttic0T. 895 g/ cnferr] and a nelt
viscosity at 350[err]F (177[err]C) of from 3500 to 6000
centi poi se (333to 6Opaykzpesttipmsingat tad pe whtratesbopdegvyithebe has meliadhigsive nel t

adhesi ve kLo of the preceding cldis@mount of 25 to 100 weight percent;

ggrrponent ( g I's provided I1n an amount of fromO to 50 wei ght percent; and
onponent (c) is provided in an ampunt of O0.to 35 wei ght percent; 20
with the provildo tﬂ&?hmtaﬁdﬁﬁ“?&g&%méw'}%ﬂ%r esent in an anount |ess than
20 wei ght percent, the honogeneous |inear or substantially

l'inear et hyl emmpohenii) isiashopiogenedts linear ansubstantially linear ethytengipolygfer at | east 50
el ghL Per Gen! density of 0.885 to 0.895 g/em’ and a melt viscosity at 350°F (177°C) of from 3500

to 6000 centipoise (35 to 60 grams/(cm-second)) and is provided to the hot melt adhesive in

an amount of 25 to 100 weight percent;

Component (b) is provided in an amount of from 0 to 50 weight percent; and
Component (c) is provided in an amount of 0 to 35 weight percent;

20 with the proviso that when the tackifier is present in an amount less than 20 weight
percent, the homogeneous linear or substantially linear ethylene polymer is present in an

amount of at least 50 weight percent.

15. The hot melt adhesive of Claim 14, wherein the homogeneous linear or
substantially linear ethylene polymer is present in the hot melt adhesive in an amount of from
25 30 to 100 weight percent, the wax is present in the hot melt adhesive in an amount of from 0
to 25 weight percent, and the tackifier is present in the hot melt adhesive in an amount of
from O to 50 weight percent, with the proviso that when the tackifier is present in an amount
less than 5 weight percent, the polymer is present in an amount greater than 80 weight

percent.

30 16. The packaging article of Claim 14, wherein the homogeneous linear or
substantially linear ethylene polymer is present in the hot melt adhesive in an amount of from
60 to 100 weight percent, the wax is present in the hot melt adhesive in an amount of from Oto
25 weight percent, and the tackifier is present in the hot melt adhesive in an amount of

AMOUNL — .o o em e =,y

from O to 30 weight percent, with the proviso that when the tackifier is present in.an
s
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15. The hot nel me u, ”ﬂ’, ﬁ'ﬂl m 14, wherein the honbgeneous Ilnear or
substantially lin is present in the hot mel-t - adhesrve

in an-anount of from 5 30 to 100 wei ght percent, the wax |Snpre~s'ent

in the hofesdWRld 5 REBRSIeMEntl Me AMEIRISRS h&far drls@QMially linear ethylene pélyrder ivei ght
percent, and the tackifier is resent the hot nelt adhesive in an anount

of present mfaf’&WPE“ttcEFa?Dt%?tGH't ‘téfi‘%béﬁ‘fme% th the proviso that when the
tackifier is present in an anount | ess than 5 wei ght percent,

t he pol yner i smr ese'ﬁé hdt meindiesive of Clgire tndereinhan 80 wei ght

percent . 16. The packaging article of Caim 14,

V\Iher el n the hOI'E) %rcl)ggl fﬂ%ks aﬁl%ﬁi"o e%r ?US ha?_leor substantﬁﬂgﬁﬁegpétfﬁﬁérle bh{gpar et hyl ene

pol yner is presen sive I n
60 to S.LOOhaNeﬂggmenpe'er@@ﬁO totl¢re than R.87 % glomeandri melivischuty o3 S0FB (7 74D9Esi ve i n an

amount of ferlh%@b@totG@OO centipoise (33 to éara%Y(&H%ecBEJ)Fﬁﬂtls protided iNGn hdGlek bt er i s
present in the mel t adhesive i'n an anobunt from0O to 30

wei ght pefre®?d ‘OﬁWﬁg‘Btﬂ’émEﬁow so that when the tackl fier is present in an
anmount 59
42952B Component (bEiS providadinzn webghbf fiehGen5( weibl pagemgadeous | i near or
substantially linear ethylene polynmer is present in an anount

greater than aegrﬂbﬁm%gt r#\ﬁ's gxmndgc?{n%ﬁ Bfnount of from 0 to 50 weight per(%ontl7 The hot

melt adhesive © nent (a) is a
honobgeneous |inear or substantlally | i near ethyl ene pol yne 5
havi ng0 a densi with #fe pooVEwWEhat yheneibe tagkifier ipprasest @Féﬁ?@%ﬁ]es%‘hﬁl@‘fﬁéﬂﬂ vi scosity

at -350[ er {)elrgen( lt?eﬂoﬁ&ﬁel‘ €9)pr&Ent in an amount of af eAIBBREIGhipercBMO0 centi poise (35 to
60 grams/(cm second)) and is provided in an anmount of from25 to

85 wei ght percent rovid in an
anount of fro ?Q, to%a%ﬁ‘%qfcbaérpégn‘?hereérhg‘g REiRGEendodd tibcke & Bk %8’ onent

(c) is prindacablylene patynenipndseryin draproutt of GroB2Swe B tigteesentt the wax is
wi th t he ﬁ)rreé%\ﬂ{ %%%&%&m‘@/ﬁ%n}d‘% 56%? e?crené SndthES8Eer! 1@pr@§3n@ﬂb’£‘rﬁodn@ss 1 han

20 we ITEI’ IS present I'n an anount of at
| east 135 Q\fefmﬁw tqﬁ;}‘@@gﬁtt percent 'with the proviso that when 11'3: tackifipR s PESFR &1 MmO ai m

17, wher ej Mﬁld\@é’@fg%&%@ﬁ Sthé l'ldi‘&@éne&!is 15k Sublstadidlly linear ethylene polynhep@ar
et hyI ene pol yner is present mount of from 25 to 85 weight percent,

t he wax i Bresent ma“amo‘mtﬁfeé%"é%“ (ﬁwﬁa’%ﬁ’iﬁfmt of fromO0 to 50 wei ght percent,

and the tackifier is present in an anount 15 of from5 to 50 wei ght
percent, with the pThaadiesited(Clamnd, wheeein the hohogsnedus lipracersnbstantialbh anmount

L,‘te?lsl ;22”1 aﬁg: m*l%tspowe? & reserkt NEn ARSI ERHS 5!t AE REighperURShaRKL &l | y | i near
Y 20 gresent in an amount of from 0 to 50 weight percent, and the tackifier is present in an amount

of from O to 50 weight percent, with the proviso that when the tackifier is present in an amount
less than 5 weight percent, the homogeneous linear or substantially linear ethylene polymer is

present in an amount greater than 50 weight percent.
20. The hot melt adhesive of Claim 1, wherein:

25 Component (a) is a homogeneous linear or substantially linear ethylene polymer
having a density of 0.885 - 0.895 g/cm® and a melt viscosity at 350°F of from 1500 to 3400

centipoise, and is provided in an amount of from 40 to 85 weight percent;
Component (b) is provided in an amount of from 5 to 30 weight percent; and
Component (c) is provided in an amount of from 0 to 45 weight percent;

30 with the proviso that when the tackifier is provided in an amount less than 10 weight

percent, the polymer is provided in an amount of at least 50 weight percent.

60

AMENDED SHEET




429528

present in an anﬂi"ﬂlﬁﬂﬁjlm}”mw 40 wei ght percent. e
19. The adhesi erein the honobgeneous linear or --73+ s

substantial ly | ! netar *et hyl ené pol yner is present in-an amaunt--of
from25 to 70 wei ghtThpe6tGRINadhdsive of@inh $, wherein t?lghom&g’eﬁ&ﬂﬂtmdaﬂoran amount  of

Y X T C

present i prea¢nt anmmuaniount of from 25 to 8§ w&ghttplammt,&hmwgismrqsm eentamotitef romogeneous
| i near or | h [ t in an
anount gr e 0%(? 9@ &I?ﬁﬁt rP% 61¥t Andr?%q[lck%er % ﬁ)?&gntﬁ) ryarx%aounf SF from 5 to 50 Wftghp perc'lseﬂg hot

mel t aﬁiheswll‘héhe(ﬁrmd}oahm“men mqe‘faéllsmresent in an g2gpunt less than 10 weight @aeepbhent (a) i s

a honmogengoyset i Bf-%e@e!nt leansa%ﬁﬂt%E thﬁxlx kO’ w&gmep@{ceﬁfahw Jn@&thﬂ%bWht ercent
having a depsjity of 0, 5 g/cnférr]. and a melt viscosi at

350] er r ] Fa Whenghs ‘f@@@ert‘ﬂ’@&@‘on a“ amount greaterthaniabpiy 48 @reighiRprgest, B‘Fow ded in an

anount of pbliymer 4 Prebént han\aRioGitigraa@f MEMLS weight percent and less than S0 weight pdegapoNent
(b) is provided Iin an anount of from5 to 30 wei ght percent; and

Conmponent (c) pr rom ercent;

30 V\/I!Z?h tﬁéﬁ g‘?cﬁ‘x‘ﬁ“s“% Fhart %ﬁ%?‘{ REeTFLd ‘E °m°rge‘}egusp}gl Vi%Ged in an
anountlo| ewsmtimﬂylmemthghne polymer is presentpee prcamaunt ¢ffeonp2s tp 36 weight geraswi, ded i n
2-8 angtgglgfwaﬁgs ér@éﬁtﬁnﬁx@ar‘ﬂ@dnggftfrot?ﬁé ﬁ)eﬂ)twexght Ji)_ﬂcent and theltq[cklgarhlg gfe\s/eent g)f daim
1, wher ei A" tRJTHEHERYR AUV é%FFe“érW“h the proviso that @ﬁb&em‘ iLSRIESPNY iR A ar

et gyl ene RabuHIeks has 1(aw@lgm§>bﬂcm Qhe pol@fer@ p‘i&?mtn@ att @6Gunt R&hA. %&&xgﬂ cnierr]

and is nt, of fr 25 to 85 wei ercent,
The ve i BeppkantpoR R B0 sioh o B ppeR e ieRBefR pieent o i e cone
and t he t éekild weight mroentethe polyiner ispresembinnt amburft greatebtharo6Gb@eighe ipefatntper cent

5 with the proviso that when the wax is present in an anount |ess than 10
wei ght percent 53t he ehotmeltadhestQi‘dlgf?r[l'“ﬁlen‘l{nesent in an anount |ess than
80 wei ght percent aTa nore than 60 wei ght percent, and when the
tackifier is present in_an armunt greater than i’;lbOUt 40 wei ght percent, the
pol ymer is preSEOmPORsht &) isghomegengpusdingar of srasfaigllydnghethyjeneRmeang | ess

t han 50 V\Bi\@'igtadbﬁﬁ@eﬂﬂ 860 to less than0880g/cm and a mal@viscosithe3509F (176¢Q) cfidhesi ve of
Cl ai m 20, eous, | i near 2L subst al | i near
ot iyl ene. BERGHERTsD0SUBRROD BRI R R Do mrprided o 8T HBSUERR 8L, cont.

t he wak |sptﬁ§rvw9npem¢nt,an anount of fromO to 50 weight percent, and the
tackifier is present in an amount of fromb5 to 50 wei ght
percent, with tbﬁg&feﬂt"@ﬁi@ vk WhRmbike o‘f\@ifm'ﬁo B0 G8ightipeicBntddhd

anount | ess than 10 wei gh F percent, the polyner is present in an anount

| ess than 80 ercent a 60 wei ght percent, and
when the tackva‘ngieEt ()} ig Broyided aﬁﬁmﬁ?ﬂfﬁﬂg‘”{g@ &5 welghtfgrce”tthan 10 wei ght
percent, the polymer is present in an anount greater than 60 wei ght
percent. 24, The hot melt adhesive of Claim 1, wherein

Component (a) is a homogeneous linear or substantially linear ethylene polymer having
25  adensity of 0.875 to less than 0.885 g/cm’ and a melt viscosity at 350°F (177°C) of from 3,500
to 6,000 centipoise (35 to 60 grams/(cm-second)) provided in an amount of 30 to 85 weight

percent;
Component (b) is provided in an amount of from 5 to 50 weight percent; and
Component (c) is provided in an amount of from 0 to 35 weight percent;

30 with the proviso that when the tackifier is present in an amount less than 10 weight

percent the polymer is present in an amount greater than 70 weight percent, and when the

;

' bR AN Ao
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g:gﬁpone-rl;?e(g? Ilmu I“EMBHH[E“WI ani'i;n gr \Qﬂggﬁagt ially linear et hylleﬁe.”!
pol ymer ¢ havithg sa density of '0.860 to | ess than-.0.880 g/ cnferes]

and a nel chaﬁéqsoa%%m ifin gtﬁ]glgle{%%})%w rcé?,t the polymer is pres ALY L han

6000 centi poi se gr ans r'ovVi an anount of from
25 qnount g;ezgg thasi 351 vreighe pereant and less than 60 wexg tpercent.  Component (b) is
provided in an anount of from5 to 50 wei ght percent; and

Oorrponent (C) 255 prmer@eﬂlxemﬁwﬁﬂv@dﬂmmzafwfﬁerramtﬁhb@ogeﬁiedwhgéa}odoer cent.

24. EEL\ sive, of Claim
Camponent sty lteat SR S5 Eer s Blan SRRt FPES o B Heitht PR ene
pol ymer hhwivagis present 2ban angudenf Siotny) 10150 eEpetant, ersishd tackifidd iGB&eg/inn] err]

and a melt, vis ﬁﬁto(ﬁr{@ﬁl fh 3@%@&%{ é‘?}lgf?t( \]V?lz[h% H&% o wt'léndtg%éaéggresent in an to

6, 000 centi poi se nt of 30
to 85 weidgkunt less than 5 welg}pgerg@qtthe polymer is present in an amount I¢xs 50 48 melgpb) is

provi ded jefrefihnd Mk haPbs féigipercé® 50 wei ght percent; and
Conmponent (c) |s prow ded in an amount of fromO to 35 weight percent;

30 rovi 59 th t he . t cklfler I s present in an
amount | ess t 0% g‘ﬁ?“ adhesive o Cla‘mgg'r ﬁéo'ﬁﬁge?‘ﬁ’é‘? lipear o esent in an
anounto grsebdtaitiallhinear/dihylene gblympeis pesint inaandmatve of frbv 45 to 85 weight percent,

61 421g5wax is {eserit hn an an}ouﬁt%? kriom OEio Sb @EF pserec%t anra B SR rﬁ)&%r?tat er than

35 wei ght perce T greater
t han 35 welagmntpéfre@rﬁtt0éﬂd/eigésar;rcpmamtlsme\nmvghtthapeh@etm tackifier is present in

25. The BRtnt et s b@abm p@IcerQ Bl ﬁal%er iW\WiedeRi if ah BgolioRABREBUS | i near or

substantially |inear, et h%h engﬁp Is present in an anount of from45 to
85 wei ght™§ig peRgnt and moreighan 6 r‘iegt present in an amount of fromo0 to 50
wei ght percent, and the tackifier is present in an anount of from

5 to 130 wei ght27per CERrthot mélt dhedive of Cbtirnd pwhereih thathemogdneousiixear sr present in an

amunt | %ﬁl?stak)? glﬂl l‘lisnex\feetlgji'etne gglg&gpotf ’co:hpo%eﬁgAyﬁﬁra dgisxtge o6 ﬁ%‘& to 'O%9?‘ c%ﬁmu nt. Less

t han 80 erce
26. Th@let‘m thnévttmeimﬂé@smes praglergedagdorrespvadiag o ttuhf@ lh@%g@ﬂ@@us | i near or
10 substantially |inear ethylene polyner is present in an anount of from

45 to 85 wei gIHT PRINIAA - 9,96395*C + 80,2846*B + 164,944*B*C,

where PT is the 14 day room temperature paper tear, and A, B, and C are the weight

20  percent of the polymer, tackifier, and wax in the hot melt adhesive, respectively.

28. The hot melt adhesive of Claim 1, wherein the homogeneous linear or
substantially linear ethylene polymer of component (A) has a density of less than 0.880
g/cm3, and wherein the hot melt adhesive is characterized as corresponding to the following

inequality:
25PT 2 101.746*A + 38.2428*C + 86.0133*B - 56.2418*A*C + 55.2941*B*C + 1350.15*A*B*C,

wherein PT is the 14 day room temperature paper tear, and A, B, and C are the weight

percent of the polymer, tackifier, and wax in the hot melt adhesive, respectively.

29. The hot melt adhesive as set forth in any of Claims 14-28, wherein the
homogeneous linear or substantially linear ethylene polymer is an interpolymer of ethylene

30  with at least one C3-Cyg a-olefin.
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the wax is present inI im’m‘ﬂ” l",ﬁf”!{mmo to 50 wei ght percent, and the

tackifier is present unt of from 5 to 30 wei ght percent

with the proviso that when the tackifier is present: an -amount
more than 20 \#8i ghtThedwcmelt adhesdine of Qlammed, wissrdin msanreast dShe&'I} camumtmtsess t han
75 erce n

27. eleﬁecy\ﬁzr)rrgme aﬁ{g%gﬁgmﬂ%?f %?Ig cfie EJ%g‘tﬂty/\%er’er ngf1 ‘%1 1 egtﬁ%egenegﬂ%’ 1I'| near or
substantlhaptle‘}c fmeechyt-1oerigieesnd lsteperer of conponent (A) has a density of
0.880 to 0.895 g/cnferr] wherein the hot nelt adhesive is
characterized Bs C%@%ﬁﬂﬁé’lﬁddﬂ&l%@ftﬁﬁn@@lvlfﬁai’&rﬂﬂeh %éﬁéo'ug Mnear or

PT [err] 102 *A - 6395*C + 80, 2846*B +

wher e>PT SF‘?W‘H%I?YM‘%'&WW 158 Re Y BFRIS SHOSRRHATY Hagar ?‘éﬂF"e/%tﬁléﬁ‘A‘meB’Olm C are the
wei ght  chitfcterizpé ncteming @fbadkbenesabsyitaedd, withefedth 0.11 €5 3 loag chadbdradchesfae1dvot nel t
adhesr ve, Vé?ggspectr vely. 28. The hot nelt adhesive of
eréin the honogeneous |inear or substantially |inear
et hyI ene pol ymer of conmponent (A) has a density of |ess than 0.880
g/cnferr], and2wherlde hotmedt adbesivaef €laim B svhersin the ereanr awratadkifieds ars selected

COr T S PO Me bub BhsiE g 74
o 746*A I 368 22%8* 8 @ gl86 6%%t3mc resms po%le&%ﬁé’@ghg Ytgdro%enatgél? edinf, 8hd hixed

1350 195+ A @a&c -aromatic resins, rosin esters, hydmgériraéqdrfoqzq-eqtgrs tawéargqlatga@,g qegbsm t enper at ur e
paper tear, and A, B, and C are the weight percent of the

pol yner, t acki3i er A ;anyjnercﬂxridnrprdcbss chaprisiigt t adhesi ve, respectively.

29. The hot nelt adhesive as set forth in any of Clainms 14-28, wherein

the ahonoge g&gr% doh B8 AL eAYRH AL Ll L AR uﬁelp}fxllf!{]o%[ gO' yner

is an mterpolyrrer 0 one err
[err]-ol @¢liymerization conditions, m the presence of a constrained geometry catalyst composition, in

62 429584t one reactor to produce a solution of a r%glogeneo@hﬁeﬂ% subthdtiaff NSt ve of O aim
sel ected from

29, erei.n the .at.

The O ouBCIRBHSFEEY i g BFerp G R T SR e et S192,plse heitopoRtTERe:

1- hexenelinebr or substantially lineahy@ybyinten 8eindl etaeictayited s PN EEnsi6YE frbmargsone. .

31. TB.%9§‘Q/Em‘TE' t adhesive of Caim 30, wherein the honbgeneous |inear or

b. reacting by contacting ethylene and, optionally, at least C3-Coq a-olefin,
under solution polymerization conditions, in the presence of a constrained geometry catalyst

20  composition, in at least one other reactor, to produce a solution of a homogeneous wax having
a density of 0.920 to 0.940 g/cm’;

c. combining the solution of the first reactor with the solution of the second

reactor to form a solution of a blend;

d. removing the solvent from the solution of a blend of step (c) and recovering the
25  blend; and

€. 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 (b)

wherein the resultant composition is characterized as having a viscosity of less than 5000

centipoise (50 grams/(cm-second) at 150°C.
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(54) Title: HOT MELT ADHESIVE7

(57) Abstract

Disclosed are hot melt adhesives comprising at least one first homogeneous linear or substantially linear ethylene polymer having a
particular density and melt viscosity at 350°F (177 °C), and an optional wax and tackifier. In particular, disclosed is a hot melt adhesive
characterized by: a) at least one homogeneous linear or substantially linear interpolymer of ethylene with at least one C3-Capar-olefin
interpolymer having a density from 0.850 g/em? to 0.895 g/em?; and b) optionally at least one tackifying resin; and c) optionaily at least
one wax wherein the hot melt adhesive has a viscosity of less than about 5000 cPs (50 grams/(cm.second)) at 150 °C. Preferred hot melt
adhesives for use in adhering cardboard or paperboard are disclosed, as well as the resultant adhered products. Also disclosed is a dual
reactor process for the preparation of the inventive hot melt adhesives.




