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pol yet hyl ene, having a density of about 0.86 to about 0.93 g/nL, and
havi ng net hyl branches and at least 2 other different |engths of branches
of 6 car- bon atons and | ess, form hé&iTis®al s at exceptionally | ow 10

tenperatures, there | QW o] f or, ‘raps idly. This is
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different pieces or two diff TPz _ sanme 20 pol yol efin.
This may be d@ndyaedieddnsdhegsiefsralily pelyethylenembaivingore densdipyt yi ng
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commonly used to join thernoplastic parts._See for in- stance K. R Gsborn,
et al.,.ppasatems ams lesehndiaxn figrt sealni A esceptdenally deaster, PA,

e, encyETBSEAs Sy SR gedt SRp Mot by Fo pradl Wi

Book 30 €dly.NeWhier kis Bantagddys wineni bedt, s¥aling, stO&Al1ledl17. Most
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surfaces with hot air or 1

- - TECHNICAL BACKGROUND

.15 Polyolefins such as polyethylene and polypropylene have
.been used in many applications, for example in packaging
such as bags and cartons. In many instances in order to
form the'package_it'is necessary to éffect a seal between
two different pieces or two differentuparts made of the same
20 polyolefin. This may be done using adhesives, but is ﬁore'
commonly done by applying heat to the surfaces to be joined
to soften or melt them while applying some pressure to the
place.where they are to be joined to form a single pieceﬁof
thermoplastic. This operation is called heat sealing, and

25 is commonly used to join thermoplastic parts. See for in-

stance K.R. Osborn, et al., Plastic Films, Technomic Pub-
}ishiﬁg=Co;j-Ihc." Lancastérl'PAL;U}S.A.; l9$2;.espécially_ﬁ'
p. 152-153 and 173-175; H. Mark, et al., Ed., Encyclopedia

of Polymer Science and Engineering, Vol. 1, McGraw Hill Book

30 Co., New York, 1985, p. 527; and ibid., Vol. 7, 1987, p.117.
Most commonly the heating is carried out by contacting
the surfaces opposite those to be joined with a hot object

such as a hot bar, or heating the surfaces with hot air or



WO 01/ 18097 PCT/ US00/ 24401 infrared radiation. In any event the speed at
whi ch” OW@ W4B097heat the surfaces to be joined to the propTVeMFddHt ure for
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surfaces S | ticularly_true for ther astics spgh as
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is typi- ca one owering the ng poin e- ing
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Nuner ous attenpts have been made to find polyners with inproved heat

seal i ng ropeipneas aperabionpfsvhsEe 2dowshesdr sralisss wmsds SEI27807,

US5462807 US5741861, US5770318, US5773106,
u55773129mé$g%?'8%24 nc#ﬁgggséétz’!tsvw%szz% and W9728960. None of these

ref etences useGné eapotynibnsrdaser hbatd kemding \MREHE 2 ) IPWEB 4 he
W9905189, US5714556 and 65 U85g66663 and US6060569 aII of which are
mcorpora‘i%‘ﬂp%fla VEFRENFRIGR, EPR FERLlaMeYpBepssE Thif 138 SePFort h)

de- scri b@al@l@j}‘eaéﬁéYbf}'eléﬁéf‘lﬁéaﬁﬁaeﬂ\e&@ﬂ@ %Bl'ih% c’amctﬁ&?élyméﬁsbel he

specific polymers used herein are not particu- larly noted in these
publ i cati g ferlede buthkeas ital 1ARi%Ee sapiciecdtt cmse e MG /pSoYy of

PCT/USOO/@ﬁéOﬂolymer is lowered too much the seal itself may be too
15 weak or the polymer characteristics may be detrimentally af-
fected. Therefore ways of forming satisfactory seals at

lower temperatures are constantly being sought.
Numerous attempts have been made to find polymers with
improved heat sealing properties, see for instance
20 US53587%2, US5372882, US5427807, US5462807, US5530065,
Us5587247, US5741861, US5770318, US5773106, USS773129,
US5792549, W09303093, WO09532235 and W09728860. None of
these references uses the polymers described herein.
W09827124, W09847934, W0S9S505189, US5714556 and
25 Us5866663 and US6060569 (all of which are incorporated by
reference herein for all purposes as if fully set forth) de-
scribe generally certain branched polyolefins, and their
uses. The specific polymers used herein are not particu-
larly noted in these publications for use in heat sealing

30 applications.



SUMMARY COF THE | NVENTI ON Thi s invention concerns a process for |owering the
heat sewoaigsvenperature of a pol yol efi n-based t her nopl astd@usooRasir i si ng
the .step of replacing at | east a portion of the 5 polyolefin in the .

thernoplastic with a branched polyolefin having a density of about 0.86 to
about 0.93 g/nL, and hav- FcENVENITEON | east branches of two

other dif- fer . le of _Si r. l.ess rovi ded.,that .said
met hyl branchegf%lfé'e {a}?& e%ls nl%énn%%ggeracg%tg%ggst gf)gfl 1 eﬁrlélﬁcﬂ:lq"?g%}eﬁtsai d
branched paialdlref i tembéustirey enf | anpbliybhef inehbaseds taskinosll axdiic e havi ng
a first thernoplastic surface suitable for heat sealing to,a second

t her mopl a§i9™® g g THP s BP--&fdPHePtar fREFed DRREIOM it i r st
ther mopl aydi6,SIEf A 61 6 i | SeSrRopPabtarchednral vehatheahawingizdensity
of about 0.86 to about 0.93 g/nlL, having nethyl branches and~at | east
branches d&aving atdrpsity fef eplpovengt BS 6P sbrutaPhon gvods end day-
provi ded t, ' n s_ar I ml.e _per-..cent Qof. total
br anchi ngrj'lt})? ﬁaeﬁ:ltﬂf%nzél{%%%?%%l%%?e??n?egﬁtégglkﬁégﬁt Pgntsf) i PERFRE tdI?nLefr'
concerns Eeyeresierdigthdref ik i dgrioonaatbomkeoolpssSi pgotlidedt epatf heat
sealing a first thernoplastic surface_to a second thernoplastic sur- face,
wher ei n t &4 MEEHRe EANCRST Axtr#hcieafll LRe™edBoRBYCEREr RbpERSEALC

surfage CYRYMEfirdy biRneded E’ﬂﬂ&ﬁ@éigoﬁ@&h%iﬁg’ a density of about 0.86 to
about 0.93 g/nL, having nmethyl branches™ and at |east branches of two other
different | endilhiss oinegt ien bbwrthensconceens, apfbvstedrthgil eshaginget hyl
branches are-, . pe f b ching in_said branched
pol yol ef i ?fl %g}sﬁﬁg%ﬁo%ﬁ%tﬁl%l %%Pg%ﬁge?‘tﬁlg&%lgr??gl geﬁadgeg‘ ngagP %in
part fromsedoddttidmiomdstsic cowrfdaeecofindha samendr &hethepl astielsayrface

j oi ned together, by heat sealing, rein the first therr.mgl astic surface
and a sec 588 pid first thermoplastic surface comprises a

15 branched polyolefin having a density of about 0.86 to about
0.93 g/mL, having methyl branches and at least branches of
two other different lengths of six carbon atoms or less,
provided that said methyl branches are at least 10 mole per-
cent of total branéhing in said branched polyolefin.

20 The invention still further concerns a process for pre-
paring an article comprising the step of heat sealing a
first thermoplastic surface to a second thermoplastic sur-
face, wherein the first thermoplastic surface and the second
thermoplastic surface comprise a branched polyolefin having

25 a density of about 0.86 to about 0.93 g/mL, having methyl
branches and at least branches of two other different
lengths of six carbon atoms or less, provided that said
methyl branches are at least 10 mble percent of total
branching in said branched polyolefin.

30 This invention also concerns an article made at least
in part from a first'thermoplastic surface and a second
thermoplastic surface joined together by heat sealing,

wherein the first thermoplastic surface and a second thermo-



3 WD 01/18097 PCT/ USOO 24401 plastic surface conprise a branched

pol yol ewopinassd7’ng a den- sity of about 0.86 to about 0. 93PGT/HE00/34481 ng

met hyl branches and at | east branches of two other different |engths of
six carbon atons or |ess, provided that said 5 nethyl branches are at |east
10 nol e péresic ennfgcs canRmEIf iy Presahed ppriyréefan baVARGED den-
DESCRI PT T F INBCIL VENT po erein are
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pol yner i behincheel amde dti Nieadinrisamthemecbr twor ethpdr dififeaend] ef i ns.

Preferably the pal yners are made fromone or nore. oner ol.efi ns) of

t he forrrﬂrle&g§gﬁ09%—<@:x VRS 330Me, OF b8P e 858K1H% egg‘ﬁ%- (s&ﬁy hydr ogen
or alkyl me¥bha DRty ambelei Tese 06 Md1erpdbcBati sEhydiegen, and the
other is hydrogen or n-alkyl, and es- pecially wherein both Rl and R2 are
hydr ogen brelmehaing iim isaidtpRd ¥ Lin: specific preferred polyner is

pol yethylene, that is a polyner containing about 80 nole percent or nore

of repeat units derived fromethyl ene, and another specifi 20 cally
preferred pol y DETANILED DESHIRERTEON BF THE CPREPBRREDSEMBODIMES®SNDI €

percent or nore of repeat units derived fro et hyl ene. The polyners useful
herein are obt@%ﬁﬂlégﬁ%ﬁﬁi ‘f:ﬁ‘%&el?%’-’ebﬁ‘yaﬁﬁtg]YﬁEﬂng;oBoP?ﬁ'é(ﬂ&ﬁ %ol ef i ns
in t{ie PRESANGR (ﬁolﬁym@:?s GRd B VIS§ @H@Q&@ﬂ&iéﬁggbn%agiﬁak%% Jrarsildd on

metal cata |lyst such as, for exanple, disclosed in”previously incorpo-
rated WS hongmga7o3ae oW I90se soydussarhes6o 186886666 Frefietab8d060569,

D006, 37110 WOSEE £ 00 40550" 900 Va7 5 Eeto BFAdBLS T Wbda Froas,

W98/ 479%he MM INE G HC=CNIG)/ #8868 inWBI944d2RD ane &VOR/ 6R86Behdll of

which are also_ inpcorporated by reference herejn for all purpose s if
ently hyé}og n or alk%l; more pre eraLTy w ereinpon% osta or

15 R® is hydrogen, and the other is hydrogen or n-alkyl, and es-
pecially wherein both R and R? are hydrogen (the olefin is
ethylene). A specific preferred polymer is polyethylene,
that is a polymer containing about 80 mole percent or more
of repeat units derived from ethylene, and another specifi-

20 cally preferred polymer is homopolyethylene, which contains
about 98 mole percent or more of repeat units derived from
ethylene.

The polymers useful herein are obtainable (and prefera-
bly obtained) by polymerizing olefins in the presence of a

25 catalyst component comprising a late transition metal cata-
lyst such as, for example, disclosed in previously incorpo-
rated WO9827124, W0O9847934, WOS905189, US5714556, US5866663
and US6060569, as well as US5852145, US5880241, US5932670,
UsS5942461, WO98/30612, W098/37110, W098/40374, W098/40420,

30 W098/42664, W098/42665, W098/47933, W098/47934, W099/30609, .
W099/49969, W099/41290 and W099/62968 (all of which are also
incorporated by reference herein for all purposes as if

fully set forth). Preferably, the polymers are made by po-



fully set forth). Preferably, the polynmers are nmade by po 4 WO 01/ 18097
PCT/ USOONDI610180971 yneri zi ng an ol ef i n conponent conpri si ng pcwoswadagiant
anount of ethylene, in the presence of a catal yst conponent conprising a

| ate transition netal conplex (nore preferably wherein the late transition
metal is Nymsrizinofam ofiefimecoupnent. conprigdhap re beedeinatne
transitio ' S th | anpl.e nded hereto. The
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publ i cat | SRETeAT gy %ﬁﬁrﬁ%ﬁﬁ?%ﬁlﬁﬁfW%ﬁgizéFiHﬁ Brofedsofyas ddgadae

slurrys or isRidy | Obnd QLdHYOMSTePALE M £F e SEPRARE ENon"R¥CRE cBﬁxgﬂeSco's
prepare the branched pol yol efins suitable for use herein, becalse ofl t he

rel ati vel petoantih iiny e exaplersronsngedybeceétas, Thei sapréfrecred to
ke th ' ' f bl | uti
rocess. R HAP g ontien 8 SGar Eh VEFEGRETY cap1e, faka”

process. ranc I TS
about ' 0. 93 y@/tmactineltesad | ahd i cdk &by $10s aborhroh8t dgtailsardgagpeaal |y
about 0'.88 to about 0.90 g/nlL, at 23C. 20 _The density, as is usually done,
i s nmeasur &S FARALYE H FIGOGRENE TG e 1had PY oFeEeReRCRuter FRESPEEXRept

for ngy malgy3RAlin et 1 x4 dagts) using the nethod of ASTM D1505.
Consi stentouvm{iﬁlt%e requi rerrepi}{gs for density and as 25 otherw se set forth

above, the pol yditdfdugh wany itame iof elywrdireeiont hrobespr egeat phasent i on
contai n aljlgas), SQITEoREANGH g MEASNILTENL e CHSUB! Ly bt 136 NV gnd

cal cul ati on "off ‘branchi'ng TeVel s i n ese’ polyners i S descri
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For furth%&éﬁ?ﬁflg%cause of the relatively low melting point of these
15 polyolefins, it is preferred to make them in a solution or
slurry process, more preferably a solution process.
The branched polyolefins have a density of about 0.86
to about 0.93 g/mL, preferably about 0.86 to about 0.91
g/mL, and especially about 0.88 to about 0.90 g/mL, at 23°C.
20 The density, as is usually done, is measured on solid poly-
mer without filler or other materials (except for normal
small amounts of antioxidants) using the method of ASTM
D1505.
Consistent with the requirements for density and as
25 otherwise set forth above, the polyolefins utilized in ac-
cordance with the present invention contain at least some
branching. Measurement (usually by **C NMR) and calculation
of branching levels in these polymers is described in the
previously incorporated publications, and reference may be
30 had thereto for further details.
These polymers have branches of at least three differ-
ent lengths containing 6 carbon atoms or less, or in other

words at least any three of methyl, ethyl, n-propyl, n-



These pol yners have branches of at |east three differ- ent ﬂ%t hs
cont &i rW@@1/8808ar bon atons or less, or in other words at ?‘é’%ﬁﬁ 24401t hr ee of
nmet hyl , ethyl n- propyl n5 W 01/18097 PCT/USCE¥24401 butyl, n-anyl and

n- hex I X i's Lu e |, + Jfean n- hex
pl us )a/my HFM’ |' }/‘o ﬁ' Bfiaﬁ’cﬁ’éan?p Qﬁl‘g %ﬂ}’p%s )r/é'lsn H"W&?J;I% rreansy
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and all hexyl+ branches are considered to ,contain 6 carbon_  atqgns. It is
pr ef er r ebrehgheshat For [thes PWRISYE fReFRAR nbhsmfﬂ meagehdexgiraiddis®y si x

or fewer %%'ib?:%s?fcﬁ’{é% li%n%{)resent In%ﬁgszf Pt RE_ROLMIEELS %mltt@gcg for use

in accoréance tion, and prepared in accor'dance
WI ths t heangdr aullom@yhmmmra@carefe@eacésredavg grnsadn 6 @aetborn ng,

i.e., they have npre or ches e . ex t for. "normal "
coor di nata?é&l‘f‘spol ﬁsz%qﬁﬂ?grr%‘éa{&ﬁ%t 5#’%? ?ﬁo? ﬁ% ngg'f%r%rter% br anches
I's differgahdy qrér{dms Horfeeaeigg, s ardorbfanebesagbobr atehes bamredl-so
present. By this i's meant that a branch fromthe main chain on the poly-

mer may iergel f cont ain one or nore branches. It is also noted that the
concept of a " " | |fo there are
sufficient brane es on%h)é?%gﬁgaé.%ﬁfgﬁggéaf§?gﬁgh qpolyner %%, a
"branDW'wﬂﬁﬂehhukyrdsénrsnnvantnenhyhngrpnppawadeaheadn@ndanadﬂwﬁthn

guat ernary carbon, at or rou cansecuti ve, net hyl enes erm nated at
e end IR HRHASSb A AP EAT AT SPHES  oPRYE PRIALS s HREHIG o
quat er naryp£arhan atiay %@%&ﬁegbb gbwkhebkaattilsi thdef Werdl Bpd he
nunber of carbons fron1and i ncl udi ng the nethi group to the nearest

met hi ne espepirdriey y RAFHH’ a‘F%ﬁdeb{}Pth@F PR&VISTAGLHEONTet [HThEhst
quat ernary; oarion Alome1d; 108 JENPRE BLaGOASECYY W8 FFR Nt from that

15 expected, and ‘“branches on branches” may also present. By
this is meant that a branch from the main chain on the poly-
mer may itself contain one or more branches. It is also
noted that the concept of a “main chain” may be a somewhat
semantic argument if there are sufficient branches on

20 branches in any particular polymer. Thus, a “branch”
hereunder refers to a methyl group connected to a methine or
quaternary carbon atom, or a group of consecutive methylenes
terminated at one end by a methyl group and connected at the
other end to a methine or quaternary carbon atom. The

25 length of the branch is defined as the number of carbons
from and including the methyl group to the nearest methine
or quaternary carbon atom, but not including the methine or
quaternary carbon atom. If the number of consecutive meth-
yvlene groups is “n” then the branch contains (or the branch

30 length is) n+l. Thus the structure (which represents part
of a polymer)
~CH2CH2CH [CH3CH2CH2CH2CH (CH3 ) CH2CH3 ] CH2CH2CH2CH) -

contains 2 branches, a methyl and an ethyl branch.



yl ene groups is "n" then the branch contains (or the branch 30 length is)
n+1. Thuaotonasostr uct ure (which represents part of a pol yPRETYUS00/24401 '
- CH2CH2 CH( CH2CH2 CH2CH2CH( CH3) CH2CH3] CH2CH2CH2CH2- contai ns 2 branches, a

met hyl and an et hﬁl branch. 6 WD Q1/18097 PCT/US0024401'" . At | east about
10 nol e per cenBtofeasE &%Qh’é:hé@ P PHOTSHer OF pFRe PERRGRSE EBatheabout
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met hyl branches. By this is neant that the total length of the 5 branch

(as defi npgefboablyf pbmleasthaci: 6t ke percent, ane wakhph atom In
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is pre 10 ferred). It is also preferred that, the polyner have (in :
conbi nat i BREWFRROPRe 3&58Ve) 13hdTde Rt ign) eéfﬁg aBouthaips ndre

percent, pore,REA! qkintRled GRY) ,ARMIINg THO! RuRsdr £PEags hbEebhBRENES

are ethyl; at |east about 3 nole per- cent, nore preferably at |east about
5 nol e pewedghtofletipamifes: HyclGed Hexrmgalpyon Ghromategmdpy, uabhg a

percent, not refer t | e he_ branches are
butyl; at SPéggPP'-ng‘ tagga)r%odlae(éﬁgﬁ}e&rﬁﬁ%#{orb pqr)]é(f}ét?a%ﬁ?a;{ga?giﬁl%ag B%Dt 4
mol e per cearrefl)t he thr drch@sapredvdredndiay tlid pEhabhenbioake 3(DRl e

percent, nore preferably at |east ZESEabout 5 nol erﬁggrcent of the branches
are hexyl ¢PmPﬁn6ﬁé°EréF§|hré@eer?§ﬁ¥| RRe (e HAS e : RntAEPRE BB 30 to

about 150, Br apgRepehelent00GdrR! Mg MRS Pouke W& contrbNs HoF-every
100 branches that "are nethyl, about 30 to about 90 ethyl branches, about 4
to about genpr ofythes byemehiess argp QRIS (3 ARt OB \3 ThadkeS; about

3 to about 15 gyl RLANENEH1, MY A 3BdR AU 4NN Tor the

15 branches are propyl; at least about 3 mole percent, more
preferably at least about 5 mole percent of the branches are
butyl; at least about 2 mole percent, more preferably at
least about 4 mole percent of the branches are amyl; and/or
at least about 3 mole percent, more preferably at least

20 about 5 mole percent of the branches are hexyl+.

In one preferred embodiment, the polymer contains about
30 to about 150 branches per 1000 methylene groups, and
which contains for every 100 branches that are methyl, about
30 to about 90 ethyl branches, about 4 to about 20 propyl

25 branches, about 15 to about 50 butyl branches, about 3 to
about 15 amyl branches, and about 30 to about 140 hexyl+
branches.

In another preferred embodiment, the polymer contains
about 20 to about 150 branches per 1000 methylene groups,

30 and which conéains for every 100 branches that are methyl,
about 4 to about 20 ethyl branches, about 1 to about 12 pro-
pyl branches, about 1 to about 12 butyl branches, about 1 to

about 10 amyl branches, and 0 to about 20 hexyl+ branches.



branches. I n another preferred enbodi nent, the polyner contains about 20

t 0 aboutvoldifiste7ranches per 1000 net hyl ene groups, 30 and ROTRISO@2MOLI ns for
every 100 branches that are nethyl, about 4 to about 20 ethyl branches,
about 1 to about 12(}pro- yI branches, about 1 to -about_ 12 butyl _branches,

: py
about 1 to abdutisiFurhiehrerehetrednihatt Shepdranshah Brlypiehtis. 7
......... |7 1 P i it referre
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for by ertF gttt egictige Lrliatn il A, dhaa s, gy res U o
homopo! y ety crmneosd af s BPoshd2gebupsnr e of (XXVI1) per 1000 net hyl ene

groups. In accordance with one as g_‘ct of the present invention, 10 the
heat sealing tenperature of a pol yol3efin-based therno- plastic can be

| onered by replacing at | east parti . th gl.yolefin in the

thlerrr})p:c astic with tlhe Eranﬁ% 2D l‘o&éﬁ@%sﬁﬁ d&g\’!' efj abf)vel. The branched
pol yol efip can _s e_us original_ p in, or can
15 be bl eénded ?ﬂevé.\??%% %ﬁ%goﬁ’ﬂ‘&ﬁﬁgﬁgﬁ: ytl ﬁél%orcloé’iq: r?a%lnspoé}qi/&/o"ﬁéa%i?\ri n order
to repl aagore pOft (XXVDL) tPersaceo methydeblechdougan be a standard physi cal

bl end, nelt blend, or even a re- actor blend prepared by polynerizjing the
desired ol ef i n50| RACCPHE2PFRsEAER BRet REPEStar)s thcoMIES o PR+ t o

abovgy 203k oG, W ;Qafiﬁgceeﬂgeeameep%ygeg:ga%mmt@alg/éa £ e S5 -

catalyst) such as a Ziegler-Natta and/or nefallocene-type catalyst known
in the arplastid canppephewerfd byi gepdlecing at least a portion of,

the polyolefin in the thermoplastic with the branched

polyolefin as described above. The branched polyolefin can
simply be used in place of the original polyolefin, or can

15 be blended in various proportions with the original polyocle-
fin in order to replace a portion of the same. Such a blend

_ can be a'standard physical blend, melt blend, or even a re-

actor blend prepared by polymerizing the desired olefins in
the presence of the catalyst composition referred to above,

20 along with a second active polymerization catalyst (a co-
catalyst) such as a Ziegler-Natta and/or metallocene-type
catalyst known in the art, used to prepare the original
polyolefin. See, for example, US6114483, WO97/48735,
WO97/38024 and W098/38228 (all of which are also incorpo-

25 rated by reference herein for all purposes as if fully set
forth).

The resulting thermoplastic can be used to form arti-
cles with surfaces possessing a lower heat sealing tempera-
ture and, thus, improved processibility.

30 In preparing articles by heat sealing thermoplastic
surfaces, it is preferred that all of the respective sur-

faces comprise the branched polyclefin as described herein.



pol yol efin. See, for exanple, US6114483, W?97/48735, W97/38024 and
W96/ 382%® 0gasde7of whi ch are al so i ncorpo 25 rated by ref eaviussohengi n f or
all purposes as if fully set forth). The resulting thernoplastic can-be
used to formarti- cles with surfaces possessing a | ower heat sealing

t enper a- More pmeferialdy.i rproowed iprnss essifates yar80madepespantglayti cl es
by heat sealing.thernoplasti urf.ac it i referred that al|, of the
respect i vé’négr ! lfk’glcgg%cg’rﬁ?ﬂcg’gqsl?@lr}’ro St p%?§%¥:b}f’?ﬂ 3ROYBBP %58 her ei n.
8 WO 01/ 1888#mBpladta@d 24AQAned\brat idrlefntyd | pre fdeabBy i PHSMSHaERCES are
made essentially _only with the branched@gfl yal efi ns descri bed above as the

t her nopl aSEPECHBAY RELYCdEH NS R eRARSIE AN the nsane ieRameréa) porydl ef i ns
preparsed LLpELineg 1520 RAM 6P ’t}@%uﬁ%?.f‘l L ¥e SR ﬁgamzsrt he

surfaces is"the saffe polyner. O course, In addition to t nched
pol yol ef i B Conaseqt hey addatiom &<t ithedinanchedmpoheotafinghéasdr f aces can

contain other additives_and adjuvants conmmonly f.ound in _heat sealing
t her mopl a??’?‘(‘% g gﬁmggia's(gﬁceﬁgﬁﬁ'lnée,r é:rﬂ“fpogﬂ%gtrﬁ)s' 1 %rﬁuggﬁﬁ??i %P s,
col or ant s coptagas stheraiaddlidiidrdshard kRljuvdht® ddifod P SORRACES RaY: be

seal ed together, for ex- anple three filnms nmay be seal ed together, and
pr ef er abl ealindothegaopdesidss sy asealiaF freamRle haarhexidaneded pol v-

mer deéfxlfii Redphenskhs, 12 | LG 6 35 4018 Wn@Whyafigly of

net hods we known to those skilled in the art. See for instance Plastic
Fil ms, TechnonMeorBubhaghitmy Gewrfaoes mayadrastesxrledPAodether, A9O%ex-

copect | tufisglRErASS AUl Lo (3 sl Worctle heal Iogkelthe, g 0
seal i ng baf( $heokurfaklesr belihg Realedy evmy oihadid hmdliwtaedied meBEi Ng,
and mer as described herein.
15 Heat sealing may be done by any variety of methods well
known to those skilled in the art. See for instance Plastic
Films, Technomic Publishing Co., Inc., Lancaster, PA,
U.S.A., 1992, especially p. 152-153 and 173-175. Preferably
the heating of the areas to be sealed is done by thermal
20 conduction from a hotter material (e.g., sealing bar(s) or
roller(s)), by microwave heating, dielectric heating, and
ultrasonic heating. The amount of pressure used may vary
from that needed to contact the two (or more) surfaces to be
sealed, for example finger pressure to pressure applied by
25 presses or rollers, for example up to 700 kPa (100 psi).
The heating may be before, or simultaneous with the applica-
tion of pressure. Although pressure may be applied before
heating, it will normally not be effective until the heating
is carried out. Generally speaking, the temperatures of the
30 polyolefin surface that is being sealed will be about 50°C
to about 110°C. This temperature will depend to some ex-
tent on the amount of pressure used, higher pressures allow-

ing lower temperatures, since higher pressures cause more



ultrasoni c heating. The anount of pressure used may vary fromthat needed
to contv@O148087two (or nore) surfaces to be sealed, for BCTAW02440Inger
pressure to pressure applied by 25 presses or rollers, for exanple up to
700 kPa (100 psi). The heating may be before, or 'sinultaneous with the
appl i ca-inhtdmatk poessate beAlwseougiealbss userfagebe appl rédobdepends

heating, it wll norpaldy n e effective until -the heating, .is carried
out . Geng’f’aF)ﬁA? Eﬁg&'ﬁg%é%t ﬁ%t ttz"fﬁ) ea%‘r%%a%?’n?hgu?:; 365r y8PEF iTK8Sr f ace t hat
i s bei ngwseal edwel Bebeizhes widQ dsualbDyt hd+80Cowdhi Beheiper &lewie Wil |

depend to sone ex- tent on the anmpunt of pressure used, higher pressures
al | ow | RgTREWEES:emFdngemch Qi ddhiprE prasingedorgusemmsreially |

PR A o .Q17 ; 4 l.ngq b l'ing
surf gc es F’Llsl £ n\all\?s} gﬂid %%%%? S aq(g{nelé?'ﬁxez%%@%?%# P%h%?{:tgﬁégﬁégtﬁgg egﬁé?%&s Zt%?ac e,
and t hosgivei th sealepfdendifiicient |dtvsugthy btheefhoter sbel ildiget amy

t .. Si h _of t, heat | i d i al 51 hi gh
peod | | REESR, R omramd b dhpeh Aaire TRseHiPs 08, beak the ssRldie o ent
strengt hgubFRadedstt®y tHe ddifi r@y t&fipShatube.Since it will take less tine

to heat the sealing surfaces to the required ten‘Eerature. The materials
whi ch may be gt md@rRla ehdgh iRRg Paoheakf aealed prehany wb@sed is of

th I ' jn. Al ' g d
ol Hae” BHEErRe, B BT e T e BETAS Fol0bfarTiy Bociletal s
paper boatidge fuiomadeafiial < odtiach meal bé ohéat wheahedannbtudensiideied andrul -

25, R, LS S A et B
mol ded pyhiSolREhedRt dRinstal SEGDI (VeaEhsSeahi B8 abAssbBeed anchul -
mul tilayer blown and/or oriented filns and sheet, coated paper and
paper boatd,layer fiidgtle @rlyolefin coated articles made by injection
15 or blow molding, polyolefin injection or blow molded arti-
cles, rotationally molded parts. Preferred materials for
heat sealing are single and multilayer blown and/or oriented
films and sheet, coated paper and paperboard, and single and
multilayer films are especially preferred. A single layer
20 film will simply be a layer of the polyolefins described
herein. A multilayer film will have two or more layers, and
one or both of the surface layers will be a polyolefin de-
scribed herein. For example other layers may be present for
the purposes of increased barrier properties to one or more
25 materials, for added strength and/or toughness, for decora-
tive purposes (for example to have been or be printed on),
adhesive layers to improve adhesion between other layers, or
any combination of these. These other layers may be poly-
mers such as polyolefins, polyesters, polyamides, polycar-
30 bonates, acrylics, or mixtures of these, paper, and metal
(foil).
The present process is particularly useful to form

packages, which are also particularly useful articles. By a

10



multilayer filns are especially preferred. A single layer 20 filmwll

si nply bwoeowiggeyr of the pol yol efins described herein. A pai/usdiegent il m
will- have two or nore |ayers, and one or both of the surface |layers wll
be a polyolefin de- scribed herein. For exanple other |ayers may be present

for the piyROsRfeofisNGEQIcCEnParbhehiRE@PRhbIteS & theiit Yo BY Sedled
materials, for added strength and/ or toughness, for decora- tive purposes

(for exanpiast cohdvkee betre of speepimascgadhpd “maietsiord veaypackagingfpr.ove
adhesi on bq%y@ r o] ogbinatl f__t.hese. e ot her
| ayers matye e %@’hﬁ‘é?ksggﬁcﬁhﬁs{:%@%%f g%% , %tf);o yes gﬁlrsh%scpcﬁ“;;arﬁ }es,
pol ycar 3Gdmiitams asughi s, abr ahdy oremodbtulrese angdjpar loaad ofettdle

(foil). The qq{ese,nt rocess is gart i cul arl é/{ usef&b3 to form pack%gs whi ch
are aldo R# %Qﬁa?lgo’ﬁ%%’f‘ﬁlaﬁr Y cP¥RPOERLLON1o WPS0P) 5162 &74401
" package” digARdNdo FWa€0Phal B8A1t B8hihs8t"BABLE ch® RenAdlidths MRS} i the

tinme (sonetines called "protective packaging"), especially before the
cont ents deoksredemmpnentlinbrelken asnbyt FBESingcPradeaningnd/oOnes & ur e,

and/ or | os f p ' t y aparatian.. may
be de- si géneea es%nﬁét ?ﬁ%gs %?kgggi ﬁ%’ g{%&p’eﬁﬁ gc%%dﬁgl&%nsl n-r%? %%% r%ken
per manent lyutrekentasstyreuvat magepial eahahgmhy bpeaddedseal etidyax The

package nay, haye one_or nmpre inlets and/or  outlets to stqre a_nmaterial

Phat - Ny B CHRIGRIE £ S000) DS 1BRGRRR, KARDPEET PG DSEc PREEIME: M BASeher

openi ng t hggdac Krhé’éhe-pJBEé?&laQaﬁkégﬁﬁeﬁéﬁaBR?f feakl ¥ropde ih6a@ Snaha -or
ns

mul - tilayer filns, especially nultilayer fi , .in which the present
pol yol ef i isilka¥entfilms: efpecsadlynyulbgepyernidlms, drevwhdgdr theat forns

L LS L e Tt o i
cont ai ner stfe€etayer that forms a heat seal. These include flexible
15 bags which are sealed, such as solid or liquid food contain-
ers, intravenous bags, pouches, and dry food containers (ce-
real and cracker liners in boxes).
In the Examples, the following tests were used:
Tensile properties, ASTM D882, Method A (MD is machine
20 direction, TD is transverse direction). -
Film density by ASTM D1505.
I, and I,, by ASTM D1238.

Elmendorf Tear by ASTM D1922
Heat seals were formed by ASTM F88, using a 12.5 um
25 (0.5 mil) Mylar® film slip sheet, 138 kPa (20 psi) sealing
pressure, a 0.64 cm (0.25”) wide sealing bar, and a 0.25 sec
dwell. The heat seal strengths were measured on an SP-102C-
3m90 Slip/Peel tester supplied by IMASS, Inc., Box 134, Ac-
cord, MA, 02018, U.S.A., at a 25.4 cm/min (10”/min)
30 crosshead speed.
The commercial polyolefing, all believed made with met-
allocene-type catalysts, used in the Comparative Examples

were obtained as follows:
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real and cracker liners in boxes). In the Exanples, the followng tests
were useWOOITHO%1 | e properties, ASTM D882, Method A (MD i sPRAAHIHR440D0
direction, TD is transverse direction). Filmdensity by ASTM D1505. 12 and
110 by ASTM D1238. El nendorf Tear by ASTM D1922 Heat seals were forned by
ASTM F88, usi ngERadl®5 3028 ,25nd Exant® ApBar are fddponrdediysheeiyl-138 kPa
(20 psi) sealin ressure, _a 0.64 cm (0.25") wide sealing bar, and a 0.25
sec dwel Ien#l% FEan§e§PPQ%Y@ﬁ§?h§E\E€§lé‘e§e "é@’&’ﬁoléncgg‘-“iﬁﬂ%: CerBo-

Sli p/ Peel ﬁgﬁgggnsu:@gl hedsbyyl MARS, Inc., Box 134, Ac- cord, MA 02018,
US A, at a 254 cmmn (10"/mn) 30 crosshead speed. The commerci al

pol yol efi ns, al Exbet®e\aad;zmﬂﬂi Hxtdct®t sLal Boeﬁna-rteym&zpmﬂzﬁd/sﬂcs beaisgth+ n
t he Cowparat|ve Exanpl es obtalne as, 2%£§%? 11 VE)Oé/18097

PCT/ USBQ 2¥4ene/ Exa%ep? §9E§ ayn AR EXXIBr FREMGCRL hy |

ene/ 1- but eegr%c_()pol ynmers obtai ned from Exxon Chem cal Corp., Houston, TX
77252 U. S A act(r) 3132 and Exact(r) SLP 9095 are reported to be eth- 5
yl ene/ 1- hexene a@gohyay®s Ploltss nelk fremoixednt&hba aal etGylp. Affinity(r)
PL 1880 is reported to be an ethyl - ene/l octene copol ynmer, obtained from
Dow Cheni cBRefd-OCtpRe. COpPdvERY . MPtgised fmpme,low| eBemioal Eaer al

Pol yneri za n P e e | ut i on pol yneri zation systemused for this
wor k  was %hgenlhgg?g & EE Pzgc?br and consisted of an 8-L (16.4 cmIl.D.
x 36. A0cm hi gh) vertlcal stirred stﬁxamg_essleél re'

General Polymerization Procedure

The solution polymerization system used for this work
was a semi-batch tank reactor, and consisted of an 8-L (16.4
em I.D. x 36.7 cm high) vertical stirred stainless steel re-
15 actor, gas purification systems, solvent purification sys-
tems, an online mass flow rate detector to measure ethylene
feed rate, and an online GC measurement system to analyze
- the head space composition in the reactor. The reactor was
equipped with an agitator; an internal coil and a jacket in
20 which circulated a mixture of steam and water. The reactor
could be operated in a temperature range of 20 to 115°C by
adjusting steam and water flows in the internal coil and
jacket. Process temperature, pressure, and mass flow rate
of ethylene were measured and recorded online. Research
25 grade ethylene monomer was further purified by passing spe-
cially designed moisture and oxygen traps to remove residual
impurities. Ultra high purity nitrogen/argon were further
purified by passing through their own series of two gas dry-
ers, one carbon dioxide absorber, and one oxygen trap. High
30 purity solvent was further dried by passing three specially
designed purification columns before added into the reactor.
The following materials were used for the solution eth-

vlene polymerizations:
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15 actor, gas purification systens, solvent purification sys- tens, an
onl i newm@aigbd7ow rat e detector to neasure ethylene feededptisoorafd an
online GC neasurenent systemto analyze the head space conposition in the
reactor. The reactor was equipped with an agitator; an internal coil and a

jacket in 20edhydene matoniead ArdBedticle §fagépagyandovabel . sThaatpact or
could be operated in a tenperature range of 20 to 115C b adj usti ng steam
and wat 8P Cifs FrRdurs s fa@ada ., JdiF- anffrithrketN PrBadasitenperature,

pressure. angifBesel] QUIRHL nidh PGPS Y81 6o 9TRSH cdpALY &,%Ce%ﬂed _
online. Research 25 grade ethyl'ene nononer was further purl?l ed by passing
spe- ci adey desi-gnd&eldsivitldies N Qozyada) traps to renove residual

impurities. U.tra high u_fi.t nit en/atg were, further. purified by
passing thr ogﬁﬁotnhgi ¢ hslg‘(} @su]{)ogfm%agg%r%}?f%‘r s?r%’ﬁ%lfaﬁﬁﬁﬁdﬁi'oxi de
absor bermncang one oxygen trap. High 30 purity solvent was further dried by

passing three specially designed purification colums before added into
t he react or. TORNENEo| (F9wiSh Ftifat SFHHEEMT o SEFoR tAFAXHeh serBadadN et h- yl ene

pol ymer ik zat i oORS sk 1/ B3P Yarddae)US00/ 24401 ~ Et hyl ene nononmer (research
gr ade, %'S’ 999 rr[')sls. ﬁatﬁ% son Gaas Pro)d'ucts Canada, Inc., Witby, ON Canada);

Ni trogen (ul Modifiigd Metiyylaldgigoans %¥MNACHGAY Cand9 awe ¢fical in

Bel | evi | | N ada). .5.Argon (ultra hig urity, .99 d, Praxair
candda, toﬁ'Hg?ﬁe;' z&e#@b . eﬁ%a%&%v'oﬁlﬁ%ﬁ?ﬁ i%ﬂ&ﬁada Ltd.,
M ssi ssauga, coiichexdak, (Mudid igaehdédt hgd aAd4ingimxame 1 M Shem{&a D9 W % of
Al in 10 toluene, Akzo Nohel Chemical Inc., Chicago, IL US A);

Oycl ohekgR@arwur Bagtd@sviddegs Ol 94- 1) i ps Chemical Conpany,

Bartl esvill ey JcReA kompound used in the catalyst system had the

formula as shown below:

15
The following preparation steps were taken prior to po-

lymerization: _
e Toluene was distilled in the presence of metallic so-
dium and benzophenone.

20 ¢ Catalyst was dissolved in the dried toluene.

e Reactor body was dried at 115°C for over one hour un-
der vacuum then purged using dried argon.
Unless otherwise noted, all pressures are gauge pres-
sures.
25 Typically, an amount of pre-dried solvent (5.0 1) was

added into the reactor under a reactor sealed condition.
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The ni ckel conpound used in the catal yst systemhad the formula as shown
bel ow. wed 61718097/ N 15 The fol |l owi ng preparation steps wer BCTAIS002448% or to
po-- lymerization: :nd Toluene was distilled in the presence of netallic so-
di um benzophenone. 20 Catal yst was dissolved in-the dried toluene.

React or hogdy pasctht achfthddbdfap oyen deeiledr palynieriaacibin tdwn pur ged
using dried argon. Unl ess, ot herw se got ed, all pr..._es/sures are gauge pres-

sures. 2PeRARWER 1 y Mol e iPebRY bRV REFRDS VY NS OF BO%WR00hd®d into

the reactors URAGI & IRast Oh 8686801 A0RAEHEOReackd RN /0 Yontent s
PCT/ US00/ 25’401 'I%e reactor” was heated up to a desired polynerization tem

per at ur e irvodhid i mzhoehyWetemibseanwithl AN aghits00-g0@Epesd of stV erprer was
i njected jint he. rea r..and the_contents . i.n,the.reactor_were mxed with
an g ¢ atih MpdB of B0 I shRe: TISSRTRY EPR SHE R ST ECR PRt o ¢ he
react or tfhfiiats athe aselvaat satvanpraksarpgr efsw.@ ofpal. 0 MPa. N ckel

compound (2-20 ng) wth 50 m ?f sol vent (tolu- ene) was m xed with
modi fi ed net hyFeFked neEReURAl LRir20588) ¥a68) SOomis af Pditeitas(fedect ed

into the geactolg Urﬁﬂegde&lf“:ﬂom&i?f‘EedAﬁle%ﬂ%tah%ﬁlnoJ;%Q:\éﬂ (I-Eﬁc NEYEl Hhgxane

was used to was any catalyst residuals ih the catalyst charging port. The
react or r@&GUrEonas milpusthddwas anjestedd ipites $iree deamiohyus imy s + ng

oL LETe e o SHRNL P 130 OR! BoB ot o el s e
Tenper at WBy aPge HT SEUF8siduals in the catalyst charging port. The
reactor pressure was adjusted to a desired pressure level by
regulating ethylene flow rate. Ethylene was continuously
charged into the reactor under agitation. Ethylene mass
15 feed rate was recorded online. Temperature and pressure
were maintained at a constant level for a given polymeriza-
tion time (1 to 3 h).
At the end of polymerization, the residual ethylene in
the reactor was vented off after ethylene supply had been
20 shut off. The reactor pressure was reduced to 0 Pa. The
residual catalyst was deactivated by adding a small amount
of methanol into the polymer solution.
The polyethylene was separated from the solution by
evaporating the solvent under a nitrogen purge. The result-
25 ing polymer was dried at 60°C in a vacuum oven over 24 h to
. remove any residual solvent.
The polymerization conditions for the examples in Table

1l are as follows:

Cyclchexane: 5.01

30 Nickel compound: 20.0 mg
Al /Ni ratio: 1000
Reactor pressure: 1.38 MPa

Temperature: 65°C
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were mai ntained at a constant level for a given polyneriza- tion tine (1 to
3 h). Awohwvigsszl of pol ynerization, the residual ethyl enepcwvustéimgoract or’
was- vented off after ethylene supply had been 20 shut off. The reactor
pressure was reduced to O Pa. The residual catal yst was deactivated by

addi ng a Sl | ragouRk polyRBLISEOEXRENd o MOISHB S WotthedlEs.

pol yet hyl ene was separated fromthe solution by “evapora
under a n¥ieBgeveparyun, TArdr kgl progmatsy qeubimed vt ira eslirgl€0C in a

ondi t1 oreoHENEF B4cTary) BREUEABRL LI e Yo e W SR s 01

30 Ni ckel emenpoasdur@0wlsnty. 0AMPAI. rati o: 1000 Reactor pressure: 1.38 MPa
Tenperature: 65C 14 WO 01/18097 _PCT/ USQO/ 24401 For the Igg)l yner, of Exanpl e
1, 8 3eparate pBFyhEri PQIYPEhsOReFERTE #nd & RERFRER (OB IRREI®R 0 a

single pphygeRepat flde PoLYRRL hZatbORNOSREFoMe & akpd &1 Atk &Y | g0 N
pressure was 1.0 MPa. 5 For the polynmer of Exanple™2, 4 separate

pol yneri zafi ehoseunungethengadvestnivigr iseociane fand Bampite owxdept for
3 of tho S e | (@ e and for the, fQurt cl ohexane,
t he terrpeé}g?%%Q%QSGO%gcgégﬁg%?Eéggt %%er@ %Er g’s@rn gi \/\tg%e f&ﬁyﬁef‘%a. The
product s pteathrd pabyhesiza7lMPhi onThenprodueteod rAd inimplamsdnigles- bat ch
of palymer, For Exanple 1, the mer fragm acQEPf t he 8 %9' meri- zation

ol,
runs 'fas THPTi AYBSsYPFBsCafa BREr 48R £hPdHGHa teh of @y TKillion
single screw epbrUgRimaNd €Ul th8t Bol@ner from each of the 8 polymeri-

zation runs was cut into strips and extruded through a 1.9
cm (0.75”) Killion single screw extruder and cut into pel-
lets. The pellets from all 8 polymerization runs were then

15 blended together and mixed with 500 ppm of Irgafos® 168 and

500 ppm of Irganox® 1076 antioxidants (Ciba-Geigy Corp.),
and the entire batch extruded through the same extruder and
- formed into pellets. For all of these extrusions, the rear
zone was 180°C, all the other zones 190°C, and screw rpm was
20 60 for the individual batches and 75 for the combined batch.
For Example 2, the polymer from each of the 4 polymeri-
zation runs was cut into strips and extruded through a 1.9
cm (0.757) Killion single screw extruder and cut into pel-
lets. The pellets from all 4 polymerization runs were then

25 blended together and mixed with 500 ppm of Irgafos® 168 and

500 ppm of Irganox® 1076 anﬁioxidants (Ciba-Geigy Corp.),
and the entire batch extruded through the same extruder and
formed into pellets. For individual batch extrusions, the
rear zone was 170°C, all the other zones 180°C, and screw

30 rpm was 61.5, and for the single combined batch the rear
zone was 180°C, all the other zones 190°C, and the screw rpm

was 50.
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| ets. The pellets fromall 8 polynerization runs were then 15 bl ended
t oget herwond/1869xed wi th 500 ppm of Irgafos(r) 168 and 500PGEKH$H24401
| rganox(r) 1076 antioxidants (C ba-Geigy Corp.), and the entire batch
extruded through the same extruder and forned into pellets. For all of

these extrusions, theglgalieZ9NEniaeolBltatdhle HGpifes £opes 190C and
screw rpmwas 20 60 f ' - e conbi ned
batch. For Exahe oddydthyYeignef Exampiech ehdt Rbréepsiommarnciadatdn runs
was cut intq strips and.,extruded throu 1, ¢m (0. 75") Killion single
screw ext Hﬁ’&éﬁmed?% Qﬁte‘%qﬁ)&oerbila-m efs. g?ﬁgaﬁgalegtlg %’F&% ael)’Tt add

pol yner i zahj,Qmidhing yeswh tHETm 281 8| eadadwbagat ber. amheniesaduddh w0 ppm of

Irgafos(r) 168 "and 500 ppm of Irganox(r) 1076 antioxi dants (C ba-Geigy
Corp.)s dnd tdwe €13 Riaretstr Riedirhr 304R LMD SARIIS( SRR SFid

formed intQ 1P£e|011t efftté:@rwilf}gg%i sual chatgh) extiLpsi-ags ,Kitﬂgmrr Bl okO"EL RS

170C, all SRS Her~ zones and screw 30 rpmwas 61.5, and for the
singl e corgrideghdal ciuthee rB8EigaoBetwEa®liG 1 addr thengt heTh@onear190C,
and the screwrpm was 50. 15 . ......... ;lid: WO 01/18097 PCT/ US00/ 24401

Exanpl e 3 zonk Goamak8@i0e EranprBsTAbBITRE Bongst RPN e dheadarten and
th | al 3 t | - ' t ruded
ree cogr%((gﬁ' faﬁfx’%}xgé?%,&?ésﬁﬁeg Q!Beaﬁﬁg%gx%%dat@@ LA, r&#ﬁ”@o extrude

t hrough el and wound"up. truder was a 5 7 cm (0.75")
di ametgr Kild i oM 30dgd/ Pasi AGMEnaEN oWseX umt r(adeiildi,t etk iidyEra2.dicm (1")
dianmeter Killion blown film die and a Future Design Saturn(r) mni air

ring. The memsionoweswh2- 180T, (#Rd580 heRNBallaw-phertignE: k he adapter
220C, and the die - C.. . \ T i
¥3Sg%1%§?§g§?%?g %%g Péy ﬁaEQ?T%%ﬁ%Wlﬂpmf¥£léih esd 11 mgage

was noni na t di- nension was 12.1 cm (4.75"),
and bl ow upesfit §@aB: dtrengths and densities for the various polymers.

Table 1
Example 3 A B C
Polymer Ex. 1| Exact® Exact® Exact®
3132 4033 SLPS095
" |Frost Line (cm) 12.1 15.9 14.0 12.7
Film Density, g/ml 0.889 0.903 0.885 0.886
Thickness, um 50.5 53.3 55.8 53.3
Heat Seal Strengths,
gm/1.27 cm
- 60°C ¢}
65°C 121 0
70°C 302 11
75°C 325 0 227
80°C 290 203 313
85°C 317 265 307
gg¢e°C 336 0 241 348
g95°C 273 450 235 284
100°C 303 504 245 339
105°C 307 464 252 320
i1i1o0°C 299 439 252 363

15

Example 4 and Comparative Examples D-G

The polyethylene of Example 2 and four commercial co-
polymers of ethylene and an alpha-olefin were extruded

through a blown film die, and wound up. Extrusion condi-

16



Frostline heights are given in Table 1. Table 1 also lists heat seal

st rengtwe oytfp9Zensi ties for the various pol ymers. Tabl e PCEmsoptaaof A B C
Pol ymer Ex. 1 Exact(r) Exact(r) Exact(r) 3132 4033 SLP9095 Frost Line (cm
12.1 15.9 14.0 12.7 FilmDensity, g/m 0.889 0.903 0.885 0.886 Thickness,
m 50. 5 58; 5 3 i oSS | 0 70C
302 11 %%%ngzggéézgge ggg@zgggaé_gg 313 1?58%1@7}&:2 tg%?%éog%gfggg %§%41 348
95C 273 1303288 £87 Exemplgod sodl 245 B3m @S CRUTavsdivs 2E820p1440C 299

439 252 36 1 4 -Qgrrp t | G.T ol yet hyl ene of
Exanpl e § éhd ?gg)ré@gg#%érg%g%lc o ;a)cgkﬁyér%r?es%?g%% ﬁ};?%\es%al’\hﬁ %%r%qx%ﬂlgg ol efin
wer e extandedivehr anglfadllel aynahid mthex; pind veaincprgpedtidesisape condi 16
WO 01/ 18097 PCTNS%OL?$44 1' tions were the sanme as in Exanple 3, except the
| ayf Pat FA¥SR1373 18R For -Exanpl e 4 and 12.7 cm for Conparative Exanpl es
D-G Frostline, density, thickness gRgilkeat seal strengths are given in
Table 2, _apnd other physical properties are :

Example 4 D E F G
Polymer EX. 2 |Exact®| Exact® |Affinity® [Exact®
3128 3132 PL1880 4033
Frost Line (cm) 16.5 | 12.7 15.2 13.3 15.9
Film Density, g/ml 0.895| 0.903 0.903 0.905 0.886
Heat Seal Strengths,
gm/1.27 cm
70°C 0
75°C ' 60 0
80°C 296 180
85°C 354 276
90°C 368 ' 292
95°C 391 10 0 0 295
100°C 350 242 98 52 332
- 105°C 341 | 525 443 365 310
110°C 360 533 568 523 311
115°C 358 485 590 571 274
120°C 365 531 590 541 273

17




5 given in Table 3. Table 2 Exanple 4 D E F G Polynmer Ex- 2 Exact(r)
Exact’( rvorfifuses7t y(r) Exact(r) 3128 3132 PL1880 4033 Fr oSPCTAUS@0/Z4d0 16.5
12.7 15.2 13.3 15.9 FilmDensity, g/m 0.895 0.903 0.903 0.905 0.886- Heat
Seal Strengths, gm1.27 cm 70C 0 75C 60 O 80C 296 180 85C 354 276 90C
368 292 95C 391 10 0 0 295 100C 35p4rflK 98 52 332 105C 341 525 443 365
310 110C 360 533 568 523 311 115C73587485 590 571 274 120C 365 531 590

B 3 Exhortry BRRRBEE et doedk T G (o Biao Bh5s Frssool40daa]
0.940 1. p40-1-180-1-030-0--80& 21064600692 QT77Q 4450110/ 2
6.6 5.8 5.9 8.5P8l¥MeTens| | e |{Froper Exact B EXant® pASEinagy® {Bxect® |
47.3 43.8 49.2 MPa 3128 3132 PL1880 4033
I, 0.540| 1.140 1.180 1.030 0.800
I10 6.210| 6.600 | 6.920 8.770 4.450
T10/I2 6.6 5.8 5.9 8.5 5.6
Tensile Properties .
MD
Tensile Strength 42.0 43.1 47.3 43.8 45.2
MPa
Elong. Break, % 817 892 B56 840 B34
1% Secant Mod., MPa| 21.6 52.9 57.7 64 .4 16.7
TD
Tensile Strength 43.3 38.4 48.5 37.0 41.4
Mpa
Elong. Break, % 795 861 865 807 720
1% Secant Mod., MPa| 20.6 50.3 59.2 61.9 15.7
Elmendorf, g/25 pm
MD 93.8 144.6 193.4 262.7 40.9
_ TD 107.6| 171.0 233.1 263.9 25.1

Table 4 lists the branching levels of various polymers

used in the Examples, as determined by *C NMR. In Table 4,
5 EOC is ends-of-chains. Total methyl indicates the total
number of branches plus EOC, while methyl indicates the

amount of actual methyl branches, both as defined herein.

Table 4
Branching per 1000 CH,'s
Polymer Total |Methyl | Ethyl | Propyl |[Butyl|Amyl| Hex+
Methyl and EOC

Example 2 59.4 37.2 6€.3 3.4 2.8 1.7 5.8
Example 1 60.8 41.0 5.6 2.7 2.8 1.8 6.4
Exact® 4033 54.0 0.0 54.0 0.0 0.0 } 0.0 0.0
(£ilm)
Exact® SLP 43.1 0.0 2.5 0.0 39.2| 0.0 0.8
9095 (film)
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El ong. Break, % 817 892 856 840 834 1% Secant Mdd., MPa 21.6 52.9 57.7
64. 4 16 woolfi3odensi le Strength 43.3 38.4 48.5 37.0 41.4 ppausbwngol Br eak,
% 795 861 865 807 720 1% Secant Mdd., MPa 20.6 50.3 59.2 61.9 15.7

El mendorf, g/25 mMD 93.8 144.6 193.4 262.7 40.9 TD 107.6 171.0 233.1
263.9 25.1 TabhB1d bi sistkhenkr aeehinhe loFvels: adavart Suiss ok YWWERFSowsed in
t he Exanples, as determned by 13C NMR In Table 4, 5 EOCis

ends- of - chalYBersot aFhRetRE PHGCAC ¥ESs thfe TR LOTRIFhFe S rgdRAe’ pl us
ECC, whil jpdbgat t n f AChna thyl  pr s, both as
defi ned r%?%&¥%agfeh§aB§gﬁcE?ggﬁgg? %6%ba%H2 I;gﬁ%% yﬁ%g:gg%a " Met hyl

Et hyl PropPgisBuegt AayfeblexibelbtinyR.aiMd BOOtdEExanfurmbDnil Baftic3 3.4

2.9 1.7 5.8 Exa 1 60.8 0 6 2.7,2..8 6.4 Exact(r) 4033 54.0
0.0 54 0 BrH0? gg.ggeﬁftbng(fﬁ’%%)' E%ac%’('r?%ﬁﬁjﬁgi 10.02.50.039.20.00.8
9095 (film 18 WO 01/18097 PCT/ USO0/ 248Q& sTable 5 lists the results of hot
tack tests on various polymers. The test used was the "Packforsk" test,

using a ressure of | TS B a 0! g f sec. This test
is dgscri Eed in A M ESout ar, J ur&?ldél) 1of CEF’lﬁﬂsti C %Tgﬁ%rg)an Sheeting, Vol.
12, p. 304-334. Tabl p-5 4033
Temp., °C Strength, N/cm

80 1.6 3.0 4.7

20 5.2 2.6 3.8

100 5.4 2.5 3.3

120 4.1 3.0 3.9

140 5.1 3.0 5.0

160 4.8 3.0 4.0

180 5.1 2.9 4.5

200 4.0 2.3 4.3

220 4.1 2.0 3.3
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Pol ymer Ex. 1 Ex. 2 Exact(r) 4033 Tenp.,C Strength, NNcm80 1.6 3.0 4.7
90 5.2wo6r/®ey 100 5.4 2.5 3.3 120 4.1 3.0 3.9 140 5. PCI/4s09/24#01 160 4.8
3.04.0 180 5.1 2.9 4.5 200 4.0 2.3 4.3 220 4.1 2.0 3.3 19 WO 01/18097
PCTI USCQO' 24401 CLAIMS What is claimed, is: 1. A process for |lowering the
heat sealing tenperature of a pol yCLAIMS based thernopl astic, conprising

the step of' 5 replacgin t |l east a portion of the polyolefin in the
t her no pIastW%aﬁﬁ%g g£ﬁ?§ﬁ§hé8=polyolefin havi ng.- a density of about 0.86

to about 0. 913.glﬁt?raeésaafb&g1%@Mng3r@f&h®a@%@1inée@é&péfaﬂﬁbes of

two other different |engths of six carbon atons or |ess, provided that
sai d nevfiyh poivchefinrbaged] theraepledtist c qavREeiRing theastePanéhing in

sai d branched._ polyo Lpn. .2 ' 1n:clay

cha act BPPYRG Pl <P naBopR. 2o pettich ofErhe ROSRISE NuE O Ehermos, 1 o
15 ol ?fpmaéﬁibhiﬁiﬁheantanahedTﬁw]&qlﬁfmmmmﬂg acgatq_amfsﬁ:fygoﬁ abatie
transition netal catalyst. 3. e cess as reci inclaim?2,

char act Br Béeloi ALoHRaP 'Pﬁegﬁgg'b tarrgj;lg?at"l']cﬂg rf’é?rgl?yjtcgfﬁ?lePe? Saza§| aFe
transitignsr 20, 4BbAksCOPked Serdidif Nerdngarshgtns THE BLRCEEEHEA T eci ted
in claiml, characterized in

atoms or less, provided that said methyl branches are at
10 least 10 mole percent of total branching in said branched

polyolefin.

2. The process as recited in claim 1, characterized in
that the branched olefin is obtainable by polymerizing an
15 olefin in the presence of a catalyst component comprising a

late transition metal catalyst.

3. The process as recited in claim 2, characterized in
that the late transition metal catalyst is a late transition

20 metal complex of a diimine ligand.

4. The process as recited in claim 1, characterized in
that the branched polyolefin has a density of about 0.86 to
about 0.91 g/mL.

25
5. The process as recited in any one of claims 1-4,
characterized in that said branched polyolefin is a homopoly-
ethylene.
30 6. A first article having a first thermoplastic surface

suitable for heat sealing to a second thermoplastic surface
of the same or another article, characterized in that said

first thermoplastic surface comprises a branched polyolefin

o



t hat the branched polyolefin has a density of about 0.86 to about 0.91
g/ nL. 25wB.01/I8®™7process as recited in any one of clains 1-pET/USHoRssmet eri zed
in that said branched polyolefin is a honopoly- ethylene. 30 6. A first
article having a first thernoplastic surface suitable for heat sealing to

a secondnhiehgDRl @ess tSHIdRGbou J s SABaBsuanet 81 gAht. Chlving
characterized in that said first thernoplastic surface conpri ses a

br anched™g&hya| @P—’raﬁlc,i;w%ﬂ@lP1t1ﬂ%lmanchqqlqimmlqmem 8iffegent8097
PCT/ USOOL 440k daauing A0 D; B5-d0; ADGULL D, OFaghM, havi ng

met hyl hes and at | east ranc es of two’ ferent engt hs of

si x car bmathydrrrbmrnd‘rm any @d dehgthato swle petdyht bofincbealabeanathleast
10 | e percent of, t ?}? ch.5 ijng.in said branched polyolefin. 7. The
first artfel é%?aﬁ&: I§il|¥°61 Tacter- ized in that the branched

olefin is obtainable by polymeriz- ing an olefin in the presence of a
cat al yst conponent com 10 pri si Cﬂa alate transition netal catalyst. 8. The

first articl e7as IBe fdastn aéltd-l e6 asc:rfzﬁfcb?&%i .in kRim § hachahacterst
article 5 H}%
char act eri-§ ?zfg,? :Er}fat a:t%et he ran o y%%ﬁé\t%ﬁiaiaqgléebrg I?bf%lgerﬁout

0.86 to ahguanO:aQiafgjzmln The "ﬁ:rfes‘errcsa oHf tad cda:aalsrsteoedrﬂ;ubmenangzomne of

cl ai s -9, ar act ri zed | n_t aid branched pol yolefin is a ho-
mopdPyet ﬁﬁF‘@ﬁé‘g fl a[rep &%:Ssg. ﬁ'fe&@;r Shticle conprising the step
of heat sealing a first therrmpl astic surface to a sec- 25 and

t hernopl astic surface, characterized in that the first
8. The first article as recited in claim 6, character-

ized in that the first article is a film.

15 9. The first article as recited in claim 6, character-
ized in that the branched polyolefin has a density of about
0.86 to about 0.91 g/mL.

10. The first article as recited in any one of claims
20 6-9, characterized in that said branched polyolefin is a ho-

mopolyethylene.

11. A process for preparing an article cemprising the
step of heat sealing a first thermoplastic surface to a sec-
25 ond thermoplastic surface, characterized in that the first
thermoplastic surface and the second thermoplastic surface
comprise a branched polyolefin having a density of about 0.86
to about 0.93 g/mL, having methyl branches and at least
branches of two other different lengths of six carbon atoms
30 or less, provided that said methyl branches are at least 10

mole percent of total branching in said branched polyolefin.

\\ -
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t hernopl astic surface and the second thernoplastic surface conprise a
branchavo put808? ef i n havi ng a density of about 0.86 to al$IVUSIOBMOF/ i
havi ng net hyl branches and at | east branches of two other different -

| engt hs of six carbon atonms 30 or |ess, provided that said nethyl _branches
are at |east14p The| BrpepeenasoFecdtad BihfkaHy 1h sehararhaehzad in

I yol ef | | S 1S bidd1331111111111
21 V0 oTHBoSH PR FIRES o 1 4 TR R R oy R e A A 1

characteleféd in thet preeeprenciicd cladfalysts ohmpdment ecopppdsingr 8zi ng an

Cr ansi t FOReneraReasean Bpt8d Tatale e Crace "as Toti tod i clai m

process as recited in claim 11,
chagacterized in that the article is a single or multilayer film 14. The
process as recited in claim1l, characterized in 10 that said, branched

pol yol ef i n h&3-aTHenProfese AFoFeGtes tiP i blolchrrRCtesizeReipr ocess

as reCi{?ﬁgt!EhQn r20e108f 16l &l Wableldr r&l’ﬂ%?ﬁéﬁéﬂfﬁlxh[‘ that said branched

polyolefin is a honopoly- 15 ethylene. 16. An article nade at'least in part
froma first ther- noplastic surface and a second thernoplastic surface

j oi ned together heat seal_in characterized in that the first .20

| her mopl st he PRk BIRREEE S5 R RS ObISLT he {ahetoReEhPrdoin

br ajachednpel ¥akal brahated) pp19lefinh HasweRsB6ytor abeut 6.98 gbnl,
havi ng net hyl branches and at | east branches of two other different

| engt hsabpusi R -83r 8dAlat ons or |ess, provided that said methyl branches
are at least 10 nole per 25 cent of total branching in said polyolefin. 17.

The article as recited in claim 16, characterized in
15. The process as recited in any one of claims 11-14,

characterized in that said branched polyolefin is a homopoly-

15 ethylene.

16. An article made at least in part from a first ther-
moplastic surface and a second thermoplastic surface joined
‘together by heat sealing, characterized in that the first
20 thermoplastic surface and a second thermoplastic surface com-
prise a branched polyolefin having a density of about 0.86 to
about 0.93 g/mL, having methyl branches and at least branches
of two other different lengths of six carbon atoms or less,
provided that said methyl branches are at least 10 mole per-

25 cent of total branching in said polyoclefin.

17. The article as recited in claim 16, characterized in
that wherein the branched olefin is obtainable by polymeriz-
ing an olefin in the presence of a catalyst component com-

30 prising a late transition metal catalyst.

18. The article as recited in claim 16, characterized in

that the article is a single or multilayer film.

U



t hat wherein the branched olefin is obtainable by polyneriz- ing an olefin
in the preveHse7 of a catal yst conponent com 30 prising a lperasoe/z4aeiti on
nmetal catalyst. 18.' The article as recited in claim 16, characterized in
that the article is a single or nmultilayer film This Sheet Has Been
Replaced 22 11tl 1Ly 1S v rrererrerer reerererr W 01/ 18097

PCT/ US00/ 24401 19.. The article as recited_in_clai 6, .characterized in
that the brantfed EB?y%FEFFheh§§ §e&é%§ﬁtﬁan%ﬂﬁﬂ£9%;Eﬁya¥%§gﬁ%ﬁﬁe .91

g/nL. 5 20.tHBe BhtislandReBeplgdlieFianhaeNe Hertd iytofl aBSut 0.86
characterized in that said branched polyolefin is a honopoly- ethylene. 10

I 111111¢o]about @91 QYWL-JI-IIII *CLMS 23
5
20. The article as recited in any one of claims 16-19,
characterized in that lsaid branched polyolefin is a homopoly-
ethylene.
10

A
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