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t her nopl a nms and nore particularly to filns of netallized oriented
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netallized | ayer and a pol pr op Iene | a er e.d. extru5|on | am nati on bond
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present pneposegﬁhaseonhogeoﬂhﬂendséeﬂdapharﬁpﬁe#aﬁﬁsgﬂ. t enper at ure bel ow
tge d'StOﬁﬁigﬂaﬁffﬁfgatBgﬁnﬂﬁbﬁQEEybﬁﬁﬁ bikl H@ éaﬂerating hign'he

present invention a ates to_an ori n .ed pgegﬂer filmwhich conprlses
a) a treabenduppEengkhs bsfween,fhe petald eEbé%@eﬁ5|vely adher ent
to the upgsl ﬂéﬁ?&&n&f 1a h&seel qyereédt)msa.m daminatddntiond i zabl e
surface, s€ Fgﬁ 5 Fg 1 *f “é%@ consisting essentially of

et hyl ene-P 5 e- rbﬁ RELYS QPBglﬁ ° ‘l ow density pol yethyl ene
(LDPE), b) a b!he pagsentb)nwenﬂnpalmglhtgh G@nptpyipdeEBhﬁi@me havi ng an

Hpper sur n u e ¢l r VAC] a surface
adherent ﬁQGSBG GOBBWHEag F%%grp an%%B o?&;%agyég %ﬁian exposed
surface, Shim PSREPrEKPﬁrI59§r9?9F EeFeRtAVASYato Beda i®d-yner sel ected

from the grouprrengrésent ahvehl&%aneemteaykwe- i@ &£l higghpol ymer,
et hyl ene- 8&8£¥L§ngoiyeggniene (BDPE) that can have coextruded skin
resin, laminated film or coating on at least one side,
1s preferably both sides, of the HDPE base layer. Preferably
such skin resins are heat sealable skin resins which, for
present purposes, are those which seal at a minimum seal
temperature below the distortion temperature of HDPE base
layer film.
20 The present invention also relates to an oriented
polymer film which comprises:
a) a treated upper skin layer (a) having a surface
coextensively adherent to the upper surface of a base layer
(b), and a treated metallizable surface, said upper skin
28 layer (a) consisting essentially of ethylene-propylene-
butene-1 terpolymer and low density polyethylene (LDPE),
b) a base layer (b) comprising high density
polyethylene, having an upper surface and lower surface,
¢) a lower skin layer (c) having a surface adherent to
30 said lower surface of base layer (b), and an exposed
surface, said lower skin layer (c) containing at least one
polymer selected from the group consisting of ethylene-
propylene-butene-1 terpolymer, ethylene-propylene random
copolymer, ethylene-propylene block copolymer, isotactic



copol yner, ethyl ene-propyl ene bl ock copol ymer, isotactic WO 96/ 38299
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| ow densmqegsizyet hyl ene (VLDPE), |inear.|ow density polyepopsssnssisl DPE) ,
medi um density pol yethyl ene (MDPE), said | ower skin |ayer (c) further
conprising a conponent 5 sel ect.gd_fromthe group consisting of i) a
particul ate cross-|inked hydrocarbyl -substituted polysiloxane anti -
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particul a&f slhiipk@ae d'r%\é@ituﬂmétiﬁédﬁ!uﬁéﬁ %&%éﬂ&:ﬁ% antged 20
oriented ?yner ]gprl es Q&, upper skin layer (a) havi ng
an i nner EEPF§é§9a696P§an§)% ﬁﬁ;ﬁﬁ° of a base layer (b), and an
outer treated gHef pge 3 s%rtcﬁmnﬁtailfml e:sarenaxmerw? md BtykYayen |
consi sting,esse t|a r ene- utene-1 terpol ymer
and | ow dgﬁ&ntﬁ ﬁ&Fff ﬁylw I;{L ﬁs%oga base layer (b) conprising high

19ensity pol yet Ayl antxeladnadﬂgmpem @Eikdn shayer e(anconwisting f ace, c) a | ower
skin | aye §!t'9ﬂﬁr fg.;@r a cpy@ gce of
base Iayé%ségétQQX%QQOEn eﬁg{ﬁer surtace, g%&é; %&é ayer (c)
cont ai n| tden31ty polyethylene;

b) a base layer (b) comprxsxng high density

polyethylene, and

15 c) a lower skin layer (c) comprising ethylene-
propylene~butylene terpolymer and an antiblock component
selected from the group consisting of silicone oil and
silicone particulate.

The present invention further relates to a metallized

20 oriented polymer film which comprises:

a) an upper skin layer (a) having an inner surface
adherent to the upper surface of a base layer (b), and an
outer treated surface which is metallized, said upper skin
layer (a) consisting essentially of ethylene-propylene-

25 butene~1 terpolymer and low density polyethylene (LDPE),
b) a base layer (b) comprising high density
polyethylene, having an upper surface and lower surface,

c) a lower skin layer (c) having an inner surface
adherent to said lower surface of base layer (b), and an

ao outer surface, said lower skin layer (c¢) containing at
least one polymer selected from the group consisting of
ethylene-propylene-butene-1 terpolymer, ethylene-propylene
random copolymer, ethylene-propylene block copolymer,
isotactic polypropylene, low density polyethylene (LDPE),

3as very low density polyethylene (VLDPE), linear low density
polyethylene (LLDPE), medium density polyethylene (MDPE),
said skin layer further comprising a component selected



| east one polyner selected fromthe group consisting of

et hyl ene- pwopsadsesne- but ene- 1 terpol yner, ethyl ene-propyl ene gpne@dossse
copol ymer, ethyl ene-propyl ene bl ock copol ynmer, isotactic polypropylene, |ow

density pol yethyl ene (LDPE), 35 very | ow density pol yet hyl ene
(VLDPE), linear |ow density polyethyl r3ne (LLDPE) medi um density
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hydr ocar byahyds 433t igdiutiedrolasdi | oxane anti - bl ocking agent and ii) silicone
oil. The present inventiqgn (s fyrther, directed to oriented high density
pol yet hyl ene flq%f% iinyen 1§ further, directed to oriented
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treating Skinmdayen shereby a;hatmomm irh dond, sshirengtie batweedn

metal | i zega3ld {1 s w?ext T PO EHd Ofllhdgﬁbenal)s iy %y n layer (a)

havi ng an |nner surface nsively a t 1o t surface of a
base | ayePreyiding a Jow density, palyethy n:rpxriﬁ:rretm li zed,

sai d uppeltzdﬂﬁid awhid ﬁ,@tﬂqrmrufg ng et hyI ene- propyl ene- but ene- 1

t er pol ymer, bas risi i Sity et hyl ene
havi ng an uppellans 3%% ffé’q" elates ‘P ’X eikl n

| ayer (c) olra.mltgdalpallmr Sl compdtisimyg: t o sai d | ower surface of base
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upper | ayéPextensively a erent to the upper surface of a base layer

15 (b), and an outer treated surface which is metallized, said
upper skin layer (a) comprising ethylene-propylene-butene-i
terpolymer, -

b) a base layer (b) comprising high density
polyethylene, having an upper surface and lower surface,

20 c) a lower skin layer (c) having an inner surface
adherent to said lower surface of base layer (b), and an
outer surface, said layer (c) containing ethylene-
propylene-butene-~1 terpolymer,

whereby bond strength of the metallized upper layer

25 (a) to polypropylene is increased by providing an upper
skin layer containing 5 to 25 wt% of low density
polyethylene, based on the total weight of said upper layer
(a).

In another aspect, the present invention relates to a .

30 method of making a multilayer film whi¢h comprises:

i) coextruding a multilayer film comprising a) a skin
layer (a) having a surface adherent to the surface of a
base layer (b), said skin layer (a) consisting essentially
of ethylene-propylene-butene-1 terpolymer and low density

33 polyethylene (LDPE) and said base layer (b) comprising high
density polyethylene, -



25 (a) to polypropylene is increased by providing an upper skin lLayer
containing 5 to 25 wt% of |ow density pol yet hyl ene, based _on the total
wei ght oQ¥¥2%pper |ayer (a). In another aspect, the pr EEIASM}38ht i on

relates to a 30 met hod of making a nultilayer filmwhich conprises:
1) coextruding a multilayer filn1canﬁrrsing a) a skin | ayer (a) having a
surface adherent to the surface of a base é ,.said skin |ayer (a)
consi sting esdehk itFeating e?’?ﬁll%’mpﬁﬁ%rﬁﬂ Raid 1| 1ANET and | ow
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(a) by ccopm_bonhnyl.arge or flane treatment, and-iii) metallizing said
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pol ypropwmmtep@ﬁgin B'@,E{aﬁ} 2 pelypropylene laye®d from i nbal anced

biaxially oriented fil mbase |ayer nade froma nmjor proportion, say, 10
at least 50 wt% of the total base layer, of a high denS|ty pol yet hyl ene
(HDPE) hRASR-JA¥RRsity of at |east 0.96. Suitabié high density -

pol yet hyl ene rmélsléperp(hpaiatdmwédtfmﬂamammed)fbitneimlment filns
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of the base layer .of the present films are described in .
U.S. Pat. No. 4,870,122, incorporated herein by reference
18 in its entirety. The base 1ayerufilmrgdhfbe~comp03ed '
exclusively of a single HDPE resin, a mixture of HDPE -
resins, or of HDPE containing a minor proportion of other
resource polymers,erhese-high:densitygpoiyethylenes*
typically have a melt index from 0.5:to:10, usually from
20 0.7 to 2. The mixture.of HDPE resins gives better
processing characteristics. in the extruder :by reducing
extruder torque. Films made with_aablendaof"HDPE resins
reduce splittiness of the film which manifests itself as
the tendency of the'film to break in:the:TD direction
25 during operation on vertical, form, £ill - and seal (VFFS)
machinery. SRR : _ P
The blends of HDPE palymers can comprise two or more
polymers all of which preferably have densities of 0.96 or
greater. Blends of HDPE polymers advantageously comprise a -
30 major proportion of HDPE having .a melt-index of 0.5 to 6
' and one or mdre'pblymerSQhavingﬁa”differént]ﬁélt index.
Terblends'have:begn found particuldrly desirable.
Suitable terblends generally comprise 50 to 98 weight
percent, preferably 84 to 96 weight percent of HDPE having
35 a density of 0.96 or higher and a melt index of greater
than 0.5 to about 1.0; 1 to 25 weight percent, preferably 3



20 " 0.7 to 2. The mxture of HDPE resins gives better processing
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of 0.1 to ghdEerdtdinvdrit{on iidide et BDN I #f €2 5 bdnd okcifenem ght
percent, Q DPE having a density of 0.96 or higher and a nelt index of

greater t 2 to about 8. Preferably, the second and third HDPE

pol ymers which are mnor conponents are present in about equal anounts.

5 itable Wur poses of the present invention include Fina BDM
25 and 10 Upper, Skin Layer According to the

present invent |M¢°ltd@mmm¢hﬁ<mr¢% invention arthestpper zskinconpri ses

ethyl ene- 1y | §¥erdyities any tﬂm;ym %ﬁmg@ngﬁw%&et hyl ene
(LDPE), ver Iom1den3|t Iyet | ene d IJnear | ow
density p&® ‘Tﬁﬁ) %&&P%ﬁ Lty polyethylene
(LDPE), very low density polyethylene (VLDPE), and linear
is low density polyethylene (LLDPE). The blend of ethylene-
propylene-butene-1 terpolymer and low density polyethylene
comprises 3 to 30 wt% low density polyethylene, preferably
5 to 25 wt% low density polyethylene.
Suitable terpolymers include those containing 3 to 5
20 wt% ethylene and 3 to 6 wt% butene-l. Such terpolymers are
available from Chisso, under the tradename Chisso 7700
Series. oOther suitable ethylene-propylene-butene-1
terpolymers include those containing 0.5 to 3 wt$ ethylene,
and 13 to 20 wt% butylene. Such terpolymers are available
25 from Chisso, under the tradename Chisso 7800 Series.

The low density polyethylene provided in the upper
skin layer may be a linear low density polyethylene (LLDPE)
or a non-linear polyethylene. These polymers typically
have a melt index of 1 to 12. The low density

30 polyethylenes should have a density of 0.88 to 0.93 while
the linear materials may have a density as high as 0.94,
usually in the range 0.90 - 0.94, e.g. 0.918 or 0.921, with
a melt index from 1 to 10. The linear low density
polyethylenes may be derived from ethylene together with

3s other higher comonomers such as hexene-1 or octene-1t.



propyl ene-but ene-1 terpol ynmer and | ow density pol yet hyl ene conprises 3:to
30 wmt % ity polyethylene, preferably 5 to 25 wt% Ity

pol yet hwgéw tabl e terpolyners include those contai n%?g"%&{}@”é‘yzo

wt % et hyl ene and 3 to 6 wt% butene-1. Such terpolynmers are available from

Chi sso, under the tradenane Chi ssU"ﬁ?O’O Series. Oher suitable
et hyl ene- provaI ene- butene 1 terp ners |ncI de those containing 0.5 to 3

wt % et hyl ene, ler%I’%ﬁf@r]suérjé‘Qaval | abl e 25
from Chumatunier ﬁﬂw&miersﬁmfaﬁe Scmumi- Sxiregaydie (W idensity

pol Yot e e oty SR ol i FRearidad B mandba ypi cal |y

have a rdischangs and: fltamel‘&rémrlg)wqj@mqnca(surface ranem}h.yl enes shoul d

sgg\r/lgl ?y%% asiq}?ag'f[ ‘iﬁ%ﬁéﬂlﬂ %ﬁéange 0.90 - Id?"lgt} 918 or

10

0.921, W% fdid®s ndex from 1 to 10. The Ii near | ow densi ty poI yet hyl enes
may be der| ved from et hyl ene :t'ogether. with 35..:-. - - ot her -hi gher -conononers
such as o_r LQctene-1. .- WO 96/38299..

PCT/ US9 order to enhance its recepti vi ty to metal lizing
treat nent, ttﬁwmmnwﬁmdayemmnarmmdqua)a u:andmt ed by such

known a gl,%c ﬁnsg? treating to
enhance surface r%l @Bﬂﬁ@% trelaisﬁ ng: |s pr erablycarri ed out
after oeth¥leneang one on mare seomonANensy o Thenh@ropykensin | ayer (c)

can CoNpidriteri rdam@maﬁ vt RGOy R B call %I&dﬁtw ggleri ved
from 10 ﬁ hyl ene and one or ‘.@lre CO- NDNOITET S. r.o ene cont ent

of t hes@ﬁ tc RRFCHREs Bare JuaLY, 5o 7R %9, 85 perden

the balance of ethylene and any other comonomers such as
butylene. Suitable copolymers of this type are random

15 copolymers of - ethylene ‘and propylene’ ‘or random “terpolymers

30

of ethylene; propylene and butene-l, especially terpolymers
of the type- employed in ‘the ‘upper ' skin layer (a).
Preferred copolymers of -this type include the following:

Ethylene-propylene copolymers Contafniﬁg”z*--lbiweight

percent random - ethylene, e; g. I -7 weight percent

ethylene. 7' - TR e '

Ethylene-propylene-butene=1 randém- terpolymers

- containing 1-- 5 weight percent ‘random ethylene, 10 -

25 weight percentfrandom"bﬁtylene; ‘The amounts of the

randonm ethylene and butylene components in these '

copolymers are typically in the range -of 10 to 25

percent total ‘(ethylene plus butylene). Typical

terpolymers of this type include those’ w;th 1 -5

percent ethylene and 10 - 25 percent butylene.

: These ‘copolymers typlcally have a melt flow rate in
the range of 5'to 10 with a density of 0.9 and a melting
point in the range of 115° to 130°C.

Preferably, the- lower skin layer (c) comprises
ethylene-propylene-butene-1 terpolymer._ In an especially
preferred embodiment the lower skln_layer*Contains said
terpolymer as well as low density polyethylene (LDPE) in



85 wei'ght percent, nore usually from75 to 85 percent, with the bal ance of

et hyl ene yeeagyooot her cononomers such as butyl ene. Suit ablreesebisser s of
this type are random 15 copol ynmers of ethyl ene and propyl ene or
random t er pol yners of ethylene, pr ogy_ggge and butene-1, especially
terpolynmers of the type enployed in the upper skin layer (a). Preferred
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18 to 25 fmwventtidmitas (ldtly|ibe ypper skin clayer {(piand lawewiskins of

butyl ene. Lager o) Waiipildihd o sRA0GE e Sdiy e At ene> POLCET

t he range byttene~i qum@fﬁptkp‘bfd@%{%c?%lMYW%deh the range
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gmgd?rrem%"?%il%s &9 P2 M’p aﬂ%?’%ﬁi Pt S !%E,"%‘r?“%'g | ow
donsity poutenadicterpdiimer and SMR2OABIAMW, say 10 wti low density

(). Indebeivartiend "GARET, | HReh  Khe fher WclaAPRE wiled, 0T

as those dmspnotemetalkizabimerunkike |the rtreated mpper rskinedayenent, the

filmof t %(Prc%iﬂuid RIS LA B fvdd adWAET1 SKIBeddUd b1k OVer

SKIN |y e e i ven ‘dan thterfere with met8liisabiriey *Khey are

15 either not added to the upper skin layer (a) or are present
in very minor amounts.

Prior to incorporation in the film, e.g., before
extrusion, lower skin layer (c) can be compounded with an
anti-blocking effective amount of an anti-blocking agent,

20 e.g., silica, clays, talc, glass, and the like which are
preferably provided in the form of approximately spherocidal
particles. The major proportion of these particles, for
example, anywhere from more than half to as high as 90
weight percent or more, will be of such a size that

25 significant portion of their surface area, for example,
from 10 to 70 percent thereof, will extend beyond the
exposed surface of layer (a). In a preferred embodiment,
the anti-blocking agent comprises particulate cross-linked
hydrocarbyl-substituted polysiloxane anti-blocking agent.

30 Particularly preferred particulate cross~linked
hydrocarbyl-substituted polysiloxanes include the
polymonoalkylsiloxanes. Most particularly preferred are
non-meltable polymonoalkylsiloxanes characterized as having
a mean particle size of 0.5 to 20.0 microns and a three

35 dimensional structure of siloxane linkages. Such materials
are available from Toshiba Silicone Co., Ltd., worldwide,
and in the United States from General Electric Co., and are



butene-1 terpolyner and |ow density polyethylene (LDPE). For exanple, the

upper SW(? A,_fiy - and | ower skin |ayer can conprise 85 to pdynrbodpissey 90
wt% of e % ene- propyl ene- 10 butene-1 terpolyner and 5 to 15 Wt %

say 10 mﬁ@bIOM/denS|ty pol yethyl ene (LDPE). However, the |ower skin |ayer"
which is not netallizable, unlike T reat ed upper skin |ayer, can contain
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(a) or asaurmesent similay . auhbnbbgﬁnnterials@areoalaeokpqwntten in the
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an anti - ect |ve am)unt of fntl OC I ng ent
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silica, @?%9§1b?@J%5 BPBSEelﬁﬂhl?hﬁrPﬁﬁé Rﬁ?@h°59§nﬂ ¥ﬁB?yrﬁF§9|ded in
g he for pefaers’ e DBEe! Pateher 2 769, pa81 i cEEgectiivenapmounpsopsr then of

t hese t hgl f t hi gh 90
melghtpgéﬁggi %?éﬁn?§°sﬁﬁ#ihﬁﬁayﬁggﬁeﬁaﬁgg}gg“ﬁﬁééggg a4 Os?;nl;?caﬁf
portion pélystioxaneflantiabkecking ageupleenfrangeOfrom7m0petoeﬁooohereof

'l ext expgac o er a d
2Lbod|ﬁe§Pg ﬁ%gg%F%BEYO §§9Q33g2§6 §ﬁ§ Eﬁg pg%t?ca g?etgigégb[?nked
hydrocarpph.shaseﬂteneaopéiyslP xEhe EﬁﬁinbeEPlﬂﬁ Shefkhe ypper.
&hft|cuIg&#grpgejeigegrggagéaulate cross i nked. hydr ocar byl - subst i t.ut ed

et ot on-ay cTRoRPRFRRARBATE, ERBuiYRE BRER: LavkRS (R ERRERIRELY oy ng o
nmean pargiticonezeilf. OTﬁetsiIQcBnEIoimnaduantagebnséyS§ossessed|aenS|onaI
el Gefbod by 88 gl 336" e, 20500, EphBBLRRGE" AL 2hE gy o= b
EIectr|caQQOOanenaustokeacbgangaggpecially preferred. Examples of
§KHYU896§Q§é§ﬁ1e §1licone oils are polydlalkylsiloxanes, :
polyalkylphenylsiloxanes, olefin-modified siloxane oils,
olefin/-polyether-modified silicone oils, epoxy modified
silicone oils and alcohol-modified silicone oils,
polydialkylsiloxanes which preferably have from 1 to 4
20 carbon atoms  in the alkyl group, in_perticular
polydimethylsiloxanes. . Of the'foreqoing,-the
polydialkylsiloxanes, .in particular a polydimethylsiloxane,
are preferred for use herein. . . : -
The silicone 0il can be added to lower skln layer (c)
25 generally in the form .of:a. dlsper51on or emulsion, the
silicone being present within, as ‘well :as on. the exposed
surface_ofrthis_1ayer_as_dlscreteimzcroglobules,.frequently
of an average size of from 1 to.2 microns. The silicone
oil, which is generally substantially uniformly distributed
a0 on the exposed surface of layer (c), is responsible for
imparting a reduced coefficient of friction to this surface:
as well as to the eqused surfage_of-layer (a) when some of-
the oil is transferredlthereto-afterzthese surfaces have
been placed in mutual contact,-e.g., as will occur when the
35 laminate film has been wound.on a winding coil.
Polydimethylsiloxane or other silicone oil can be.
present at from 0.15 to 1.5 weith'percent.of lower layer
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pol ydi al kyl si | oxanes which preferably have from1l to 4 20 car bon
atons in theiehkihgaroup, in particular polydinethylsiloxanes. O the

f oregoi ng, the ydial kyl giloxanes, in riicul ar ol ydi net hyl si | oxane,
are preferred f%§¢d§5333¥e ﬁgr?ﬁe°§i?rﬁﬁﬁ€ag49ncéﬂ gggagggﬁ to 1 ower skin
| ayer (c) e@ntributeenteathe desibedfphysiéad preperties,oascwdllii ag, the

ig | cone | WwWER i bk D exp d rface this
I&adyer as (tﬁés‘g?ete m'e%&?%\g?% u|E‘g?aféﬁ@%%%ﬁ??%f%?@ﬁ-a\,gﬁggsigpg eof9 romlto
2 ni crons.hasrkeen | detexnined thathfilmgewith| aythivkneasi affl §.anktboani y

di stribut efif) will néVe !S6ceyeaBLd WYIRAF4-AL1) 6T 1h%)z4l firf e5RONSi bl e
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to the exg® e3% than 0.2/p1l yhereas R semewhat; heavieraganger ed
thereto af(Ess ttimes sthiickes doveobepnis| néedednifiva UBLowANDSE. £€14 . aS
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due to the improvements obtained by orientation below the
HDPE melting peint. Although higher density HDPE resin
having a density of 0.957 or greater can be made directly
into thin films by cast extrusion, problems of curling,

20 uniformity, flatness and high WVTR remain as obstacles.
Accordingly, thin HDPE films of 0.8 to 1.5 mils having the
best balance of properties, particularly for VFFS
applications, are obtained with oriented films prepared
from films having a cast gauge of 12 to 20 mils reduced to

25 the desired gauge by orientation. The final film gauge
will typically be not more than 2.5 mils.

The HDPE base film is oriented either before or after
the skins are applied to a degree of 1:1 to 2:1, usually
from 1.15:1 to 1.50:1, in the machine direction (MD), and

30 to a degree of 6:1 to 12:1 in the transverse direction
(TD) . The films exhibit improved dead-~fold, and other
physical properties which are markedly better than cast and
blown HDPE'films, even when the total f£ilm thickness is
reduced to less than .025 or .05 mm (1 or 2 mils). When

3s provided with a skin layer as described below, the films
are particularly suited for use in packaging, especially of



present at fromO0.15 to 1.5 wei ght percent of |ower |ayer WD 96/ 38299 |
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on the g{((gose?surface of layer (c). The anmount sel ect edi,g"%l F(gos?.ﬁs any
event be sufficient to provide a coefficient of friction of layers (a) and
(c) (following transfer of 5 ==X37% cone oil nicroglobules to the
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W/TR an Fe ‘&rg\g e et erm ned
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(g- ni | [ twisth[£9ldimg, packaging Rachinesss than 0.2/ ni| whereas a somewhat

heavi er gaugepdel gxir "lﬁ?éﬂt e e 1e5)ed a;dwemaedmpn POV HPPE film 15 .
to achi e t he sane The benef| s of ‘ﬂ'& e due to the

i mpr ove %tﬁ"&?‘?ﬁ-ﬂ?% iRARNRY rfﬁg 9%i nt. Al t hough
hi gher chueattméﬁ?E juasu rbéﬁmrm@nd dﬁtsmt ymifentaﬁbmro:grh;atanathtg be nmade

di rect! y.i ing, 20
ulnlrfegrm y?tﬁﬁqﬁ?ness an %)hﬁﬂ%ﬁ{efn%%bansm‘%tac es. %Hcolrggngly, thin
HDPE f i Itangverse tdinets:mn orientarion openatjangce Ganerally. i es, '
parti culyajd xstﬁ{ féF;Fe%é‘FH%'ﬂ?é PEn - 6¢ P BIVETE 18 fedip ﬁuédlédﬁto -

Phe" deo VN (3L g by ERSARRARTn eoh ham 18 WSS mapiLgd WY 98 (Fh8 |y be
not rnwetdﬁxnlﬁithnl s. The HDPE base filmis.oriented either before or
ST o0 Kol PP bl At s gy oM 115
to 12: 1 donventionalkwannexi r dhenkhaBkimikayern ks oresent omraned
asdead-folgly Kth Aids of the HDPE film, cast extrusion is generally

accomplished using a standard cast roll ‘and water bath

system. . _ L S EREE
In the usual manner the film is heated to its
orientation temperature and first subjected to MD
orientation between two:sets of nip rolls, the second :
rotating at a greatér speed than the first in an amount
equal to the desired draw ratio. Then the film is TD
oriented by heating and subjecting it to ‘transverse
stretching in a tenter frame. Typically MD orientation is.
conducted at 60° to 120°C and TD orientation at 110° to
160°C. . _ -

The skin 1ayersmand/or_ba§evlayér may contain
stabilizers to minimize oxidative and thermal degradation,
as well as other additives to achieve other functionality
including, but not limited to, static reduction, ease of
processing, ink receptivity, etc. o
The addition of LDPE to.the upper skin layer (a)

terpolymer provides improved metal to skin adhesion upon -
metallization as compared to upper'skinrlayer (a) which
contains terpolymer alone.- The tesulting metallized film
also exhibits excellent bond—strengthgin'both adhesive and
extrusion lamination, especially with polypropylene films.




physi cal properties which are markedly better than cast and bl own HDPE
filnms, evawodmapest he total filmthickness is reduced to | eSsciiegnifdgd> or

.05 Mmm (1 or 2 mls). Wen 35 provided with a skin |ayer as described
below, the filnms are particularly suLjged_for use in packaging, especially
of WD 96/ 38299 PCT/ US96/ 03556
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di% ect i on PFoReXEies P metablhized serientedi Silw; | sucht asp gpedavabtes.

Ceneral ly, r barride, skin layers of the filmof the invention conprise

| ess than 50 wt % preferably |ess than 15 wt % _say 10 wt % of the total
film The fil w%}%ﬁ@ﬁ%%dl@%rﬁmihyw itsnhehieved| tovbecr .

Wien the suitédyfor iSormdigto GFapheidédd materPa1Po§enéraedyOf 118, HDPE

film cast trusi on i s general,y. acconpl i shed using,a standafd casf roll
and wat er ’bog‘%<h° iiadt ?‘ﬁ ’ me ek YaPorized materialsias

d0i ent at i reklenpeiont Urglassl, fplasmsubeteeti ed to VD 20 orientation

bet ween two se fs 1 ce b ty eater speed than
the first in atrllﬁ.:atér)mltf{r}{&}a%ugf .SJESO {@é%%df aévvﬂ?a?§lof°‘9§r“%rp?ﬂ'é filmis
TD ori ent ddMAEIN eXAPRIRE sibjWtich 1) parts ;ane dry eweight ctnbesén a

tenter fratherwidd Gpdaifdedsientation is 25 conducted at 60 to
120[err]C and TD orientation at 110 to 160 C.

Exanple 1 (COMPARATIVE)
15 A three-layer oriented film having a 1.15 mil final

thickness was prepared by coextruding:
a base layer HDPE (M-6211 obtained from Oxychem of
Houston, Texas) comprising 90% of the total film thickness:
an upper skin layer on one side of the base layer
20 comprising 5% of the total film thickness which is Chisso
7510 or 7563, obtained from Chisso Corp. of Japan,
consisting of ethylene-propylene-butene-1 terpolymer, the
upper skin layer being subjected to treatment by corona
discharge; and
28 a lower skin layer on the other side of the base layer
(Chisso 7880, obtained from Chisso Corporation of Japan) ,
comprising 5% of the total film thickness, whose resin
component is a blend of about 90% ethylene-propylene-
butene~-1 terpolymer, which lower skin layer further
30 contains 3300 ppm Tospearl SR-344, available from GE.
The film was prepared in a standard cast roll system
and then oriented 1.2 times in the MD at 115°C, and 9.0
times in the TD direction at 110°-160°C in a tenter frame.
The film was then corona treated to a surface energy of 42
35 to 45 dynes/cm and then metallized with aluminum to an
optical density of 2.3'1 0.2.



The skin layers and/or base |ayer may contain stabilizers to mnimze

oxi dat i WyogMsdober mal degradation, as well as other additj, hi eve
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as, goodm ﬁﬂ'ﬂé’bm é’lgo .09, ’fﬁ”r’g‘ upper skin layer is
bel i eved to be suited for bonding to vaporlzed mat erials generally, i.e.,

not only i netals, but other vaporized materials as 10 wel |,
e.g., gl B, etc. The invention is |Ilustrated by the follow ng

non- | i m& ithresciaven himmléw &Hlm In havidigyia QuAgmm ot-her wi se
speci fieqa @fﬁ'ﬂl 1fi é=s Was prepared th t&lf&?rd wEnted
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strengths were significantly improved to 45.3 g/cm (115
grams/inch), which directionally indicated a significant

15 improvement in metal adhesion - ' The addition:of LDPE

improves the film's ability to accept.and maintain a higher
level of surface energy treatment. ' Adhesive bond strength
increased to 124 g/cm (315 g/inch) over that of Example 1.

Example 3 S . o

20 A three-layer biaxially oriented film havingi'a 0.03 mm
(1.15 mil) final thickness was"prepared?inféécordance with
Example 1 except that 25 wt% low density polyethylene
(LDPE) available from Mobil Chemical Company was compounded
with the resin used for both skin layErs;*'The-extrusion

25 bond strengths were significantly improved*tb 130 g/cm (330
grams/inch).._Adhesivelbond'strengthﬁincreaSed to 108 g/cm -
(275 g/inch) over that of Example 1: - = -

Melt StrengthS'of the films as measured by viscosity

were also improved for LDPE-containing;ékins; resulting in

30 improved processability due to the additional melt strength
from the die to the cast roll in the extrusion process.
Film appearance was more consistent with. less defects, such'
as TD haze bands. S



7510 or 7563, obtained from Chisso Corp. of Japan, consisting of

et hyl ene- pVOpP¢B8282- but enes- 1 terpol yner, the upper skin | ayRCTAISIGMISSE

subj ected to treatnment by corona di scharge; and 25 a lower skin
| ayer on the other side of the base Jayet- (Chisso 7880, obtained from

Chi sso Corporation of Japan), conprising 5% of the total filmthickness,
whose resi Examplendnt is a bl end of about 90% et hyl ene- propyl ene- butene-1
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96/ 38299 coextruding. PCT/ US96/ 03556 --12-- The
filmwas then | am nated to an oriented pol ypropylene film 70 SPWL

avail able from Mobil Chem cal Co. and its adhesi ve and extrusi on bond
strengt hs Wured using a Sutter tester Extrusi on bond strength of 5

this fiIm r /c nd strength
was 39.4 g ﬁ%@g ?ingﬁfk ts%rzee hg?e?/ Iaxi a*f?%%zﬁz‘(?i S m havi ng a
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| ayers *extrusion bond strengths were significantly inproved to 45.3

g/ cm (115 ghenrésalby, avei setdoutCbedod lin ithdi aabgd.a significant 15
i mprovenent in nmetal adhesion. The ﬁgghi'kon of LDPE inproves the films

ability to accept and maintain a hig
Untreated Skin COF

1is EX.2 (3300 ppm Tospearl) 0.30
EX.4 {0 ppm Tospearl) 0.75
Based on the above Examples, the addition of
particulate silicone reduced coefficient of friction (COF)
from 0.75 to 0.3. The lower COF would most likely improve
20 the machinability of this metallized OHD film in some
applications. In addition, this anti-block additive did
not scratch the metallized surface when rewound after
metallization. Thus, no negative effects on barrier
properties were observed by adding this additive to the
25 untreated skin formulation.



.l evel of surface energy tr*ﬂl“ﬂﬂﬂ"!mﬁﬂﬂkkﬂﬂg bond strength i ncreased to 124,
g/ cm (3LpoYshidey) over that +0 le 3 20 perrudoeioBésge- | ayer -
bi axially orlented filmhaving a O 03 nm (1. 15 ml) final thickness was
prepared in accordance w th Exanp %bexcept that 25 wt% | ow density
pol yet hyl ene (LDPE) avail abl e fron1ﬁb Chem cal Conpany was conpounded

W th thegﬁ%éhg’used for both skin |layers. The extrusion 25 _ bond
strength significantly |nproved to 130 g/cn1 330 grans/inch).

Adhesi ve bondlstreﬂgmmlﬁddﬁ§$§é 1 BfFugting vhdcly ceaprises t hat of

Exampl e 1.- Melgly Q&*kﬁegﬂidﬂi uugﬁgggﬁﬂ 05|ty were al so
| mproved for 5PE—conta|n|n

ski ns, uIt| i.n 30 roved
pr ocessalﬁqqeﬂt ¥ 8% ne-NEAPY; ‘&éﬂtﬁ'}? f‘ﬁﬁﬂ% &N, the cast
soll in uhw«aeusﬁuy) qmy!hhyiedaﬂrnappearance was nore consistent with

| ess defects /

PCT/ USO6/ 03558). Cal?f%-ss i‘%?-%‘%l a&“’ﬁﬁq’? qéifsity palyet X80 4 0.03
mm (1. 15amd ) final thickness was prepared in accordance with Exanple 2
except that ng,T (3€y5¥3§3 ? 4 he resi-n used
for the Iomer%gk%?\%%g/éé %piri?g?to coext ruding eﬁh(?’! e films of
Exanpl es Propyd enpenhutylene: terpolyman |4:n4:(ﬂ=!?f4'l§jé?i|t°‘ﬂ? WRR‘?W val ues for

100t h t heigelldctRice Ertif tHe group Winsistekhd koh s iixsornt il ardie procedure
of ASTNIDjé%?4 78§ﬁ¥¥3re ults are set out below in the Table. TABLE
Unt r eat e® %X, 2 (3300 ppn1TospearI) - 0.30

2. The multilayertfilm structure of claim 1 wherein
said upper skin layer and said lower skin layer comprise 3
to 30 wt% low density polyethylene (LDPE) and said
15 antiblock component is silicone particulate. .

3. A metallized oriented polymer*filmswhich~
comprises: ' _
a) an upper skin layer (a) hav1ng an inner surface
adherent to the upper surface of a base layer (b), and an
20 outer treated surface which is metallized,: said upper skin
layer (a) consisting essentially of ethylene-propylene-
butene~1 terpolymer and low density polyethylene (LDPE),
..b) a base layer (b) comprising high density"
polyethylene, having:an upper surface and lower surface,
25 | c) a lower skin layer (c) having an inner surface
| adherent to said lower surface of base layer (b), and an
outer surface, said lower skin layer (c) containing at
least one polymer selected from the group consisting of
ethylene-propylene-butene-1 tefpolymer, ethylene~-propylene
30 random copolymer, ethylene-propylene block copolymer,
isotactic polypropylene, low density polyethylene (LDFE),
very low density polyethylene (VLDPE), linear low density
polyethylene (LLDPE), medium density polyethylene (MDPE).



EX. 4 (0 ppm Tospearl) dl“ﬂllﬂ%l“”(ﬂ“l"“’l above Exarrpl es, the addition
o

of parti cuwewe3sgisdi cone reduced coer ki chent friction hﬁ;sm;@s(;?S to
0.3. The lower COF would nost likely inprove 20 the machi nabi l ity of
this netallized OHD filmin sonme appkpgations. In addition, this anti-block
additive did not scratch the netallized surface when rewound after

metal | i zati on. &hus, The nﬁgmtb!ectéiﬂCBSwhérbﬁhrsﬂidplaﬁéitbﬁin“@&?er

observed b d to upt reat ed skin
fOFﬂU|atIOﬁ°? g&@ﬂf%%%%8§g€&iéxg-proépfe%e-butene—g Eerpo ymer and
PCT/ US96/ 0bew cdensiity n°1Yeﬁhntenelaydran|antithNOCHrefﬁbcthveoanbuaes a) a

treated u I 399 Ki ( t n I
ety ene propst e%g*ﬁ"s@e‘n%"’?%?ﬁ%é EPTeBheq Ekdn' ¥hd group
pd yet hyl e?fé‘e 9 {lbyerpeﬁ%w%ﬁg silicenesand p&bysug&cene and c)
a | owner sk¢{ulayer (c) conprising ethylene- propyl ene-butyl ene terpol yner
and an anti bl ock conponent 10 sel ected fromthe group consisting of
silicone oil and silicone particulate. 2. The nmultilayer filmstructure

of claim1l wher®in sPhe fibmrofkébaimysrwhereini daiavappéki sxkay s Eg a@gnpri se

3 to 30 Mﬁo t d d 1 t Kk
corrgonent }{s ?%2%%&&::'0%1:%& ;g%t&ﬂec&ﬂ;i rree?zg;I Fﬁagg gé?eﬁ?'éddggP (I’)Cfl I m
whi ch ccwwﬂQ¥¥£¢hﬁée%ﬁ (BPEE) sandy saidraptibhackngomponentrisurface

adherent tiiiwon@Psareichpsee Of a base layer (b), and an 20 out er
treated surface which is netallized, said upper skin layer (a) consisting

essentially of ethylene-propyl ene- butene 1 terpolyner and | ow density
pol yet hyl ene (L6PE) An oriented polymer film which comprises:

a) a treated upper skin layer (a) having an inner
surface adherent to the upper surface of a base layer (b),
and an outer treated metallizable surface, said upper skin
1s layer (a) consisting essentially of ethylene-propylene-
butene-1 terpolymer and low density polyethylene (LDPE),
b) a base layer (b) comprising high density
polyethylene, having an upper surface and lower surface,
c) a lower skin layer (c) having an inner surface

20 adherent to said lower surface of base layer (b), and an
outer surface, said lower skin layer (c) containing at
least one polymer selected from the group consisting of
ethylene-propylene-butene-1 terpolymer, ethylene-propylene
random copolymer, ethylene-propylene block copolymer,

28 isotactic polypropylene, low density polyethylene (LDPE),
very low density polyethylene (VLDPE), linear low density
polyethylene (LLDPE), medium density polyethylene (MDPE),
said lower skin layer (c) further comprising an antiblock
component selected from the group consisting of i) silicone

30 particulate and ii) silicone oil.

7. The film of claim 6 wherein said lower skin layer
(c) comprises ethylene-propylene-butene-1i terpolymer and
low density polyethylene and an antiblock effective amount
of a cross-linked hydrocarbyl-substituted polysiloxane.
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of base |adherénhy, tandaad lower surface of base layer (b), and an

outer surface, said: layer (c) containing ethylene-* :
15 propylene-butene-1 terpolymer, : S -

whereby bond strength of the: matallized upper: layer

(a) to polypropylene is “increased by providing an upper:

skin layer containing 5 to 25 wt% of low density

polyethylene, based on the total weight of said upper layer
20 (a). : - :

10. The film of claim 9 wherein said lower skin layer
(c) further comprises low density polyethylene and an
antiblock effective amount of a cross-linked hydrocarbyl-"
substituted polysiloxane. '

25 11. A method of making a multilayer film which
comprises: D : e )
i) coextruding a multilayer film comprising a) a skin
- layer (a) having a surface adherent to the surface of a
base layer (b), said skin layer (a) consisting essentially
30 of ethylene-propylene-butene-1l terpolymer and low density
polyethylene (LDPE) and said base layer (b) compr151ng high
density polyethylene, :
ii) treating the exposed surface of said skin layer
(a) by corona discharge or flame treatment, and



outer surface, said |ower skin layer (*MI%MEIWM!}EHI east one pol yner
sel ect ed PW%%*F#@ group consisting of ek - e- bwrornsedoasse

terpol ynmer, ethyl ene-propyl ene random copol yner, ethyl ene-propyl ene bl ock

copol yner, 25 i sotactic pol yprepykene, | ow density pol yet hyl ene
(LDPE), very loy density folyethylgne (VLDPE), linear |ow density
pol yet hyl ene (LibPE)mekallizingnsaiq pveatedyskin LAPEE) (apai dngover skin

| ayer (c) éptibsalrrepprising an antiblock conponent selected fromthe group
consi sting of iiﬁf' éﬁ@fe 30 articulate and ii) silicone oil. 7.

The filmof clat¥l cPAPLIRG the; petaliized; surfgce ¢f)sabdpmetadlized

et hyl ene- ptogated eskin chgydrt oty NEr ggﬂéi | yet hyl ene and an
anti bl ock effective anﬁﬂﬁ% ofggpcrogg-??ﬂﬁ%%eﬁg roca%%&F?éubstituted

pol ysi I'oxane. WO™96/ 38299

PCT/ US96/ 03556 --16-- 8. The filmof claim4 wherein said upper skin |ayer
and said |l ower skin |layer conprise 5 to 25 wt% | ow density pol yet hyl ene
(LDPE). 9. A netallized oriented polyner filmconprising: 5 a)
an upper skin layer (a) having an inner surface coextensively adherent to

t he upper surface of a base |layer (b), and an outer treated surface which
is metal lized, said upper skin layer (a) conprising

et hyl ene- propyl ene-but ene-1 terpol yner, 10 b) a base layer (hb)
conprising high density polyethyl ene, having an upper surface and | ower
surface, c) a |lower skin layer (c) having an inner surface adherent to said
| ower surface of base layer (b), and an outer surface, said |ayer (c)
cont ai ni ng et hyl ene- 15 propyl ene- but ene-1 terpol ymer, whereby bond
strength of the netallized upper layer (a) to polypropylene is increased by
provi di ng an upper



skin layer containing 5 to 25 wt % of
t ot al
wherein said

wei ght

| ow density pol yet hyl -';4

i d upper wha bk Bcruar rropird orchRizatiéle i1 m O
skin layer (c) flpereatiend Bereswpri ses | ow density

| SR A~ IR

AN
PN

a

& m 2 TP
oPY

pol yet hmiranNAmmuanApmmekpm EISHED\UNDERTME PATERT cowskhndmmmw (PCT)

hyd
makl

a b
et hy
and’
t he
tre
PCT
opt
ski

Alne.
Or i 9

o ysTtox

%MW?WM“M| ch conj

Y00, skin layer (a) hav
se |H\IPF (hy said Ql(l_n Im/pr

a\

é&" "'P‘f“ﬁ%&‘?‘ﬁﬂ?ﬁﬁ“‘%l*ﬁul ti
fd mu.ﬁem&,mnﬂtﬁm

consist LHHJQSP nil

il 1 Y0928

0 Ts*ﬁ%ﬁw Tﬁ&@s.ﬁfss)

??%%%@%Y@%PD(% corrprl Si ng gg
WO 96/ 38299
, --17-- 1ii1) nmetal

bondiingy i99€3 |11 zegs
to a pol ypropyl ene | ayer

ATION [US/US); 3225
37 (US).

(72) Inventors: BADER, Michael, J.; 41 Southcross Trail, Fairport,
NY 14450 (US). O'Brien, Jeffrey, James; 3215 Woods
Edge, Walworth, NY 14568 (US). RIDDLE, Kelli, Lee;
64 Fair Oaks Avenue, Rochester, NY 14618 (US).

ht nent, and
ﬁﬁ%%ﬁm
n | ayer

(71) Applicant: MOBIL OIL CORPQ)
Gallows Road, Fairfax, VA

(74) Agents: HOBBES, Laurence, P. et al.; Mobil Oil Corporation,
3225 Gallows Road, Fairfax, VA 22037 (US).

I zing $

EW

ennerastionsl FifispMateo f saudm&:m%ﬁe.m{a) bwmncmmsmcharge or flame

bﬁ@@e ég'@m

t
nlis%t ﬂq Mﬁ @gg 1EJE

eated skin layer (a), and
ur t acsish Obernamdndl seared rapoki zed treat ed

{57) Abstract

the group consisting of silicone oil and silicone particulate.

(54) Title: ORIENTED HDPE FILMS WITH METALLIZED SKIN LAYER

A metallizable multilayer film structure of enhanced bond strength comprises a) a flame or corona discharge treated upper skin layer
(a) consisting essentially of ethylene-propylene-butylene terpolymer and low density polyethylene; b) a base layer comprising high density
polyethylene, and c) a lower skin layer (c) comprising ethylene-propylene-butylene terpolymer and an antiblock component selected from
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