FI LM COVPEI™ @Y The i nvention relates to a film cﬁﬁdsiﬁ@@ﬁh@éﬁﬂ’i’s’ 9/

capabl e of being netallized. Mre specifically, the invention 5 relates to
a polynmeric filmsubstrate having a polLyyinyl alcohol: W [ er
which is capable of being netallized. The invention alf%’g re at@zs‘bw .
metallized filns. Oriented plastic film specifically biaxially oriented
pol ypropyl ehe filmis wdely use W,ﬁ% roducts 10 particularly

f oods. No single unnodified pol fh'gl C owever, has the gas and

nmoi sture barri epnehdngehtiont i cslakesiedd on Mgmgpmims@mch is
invention is ec 10 Ci%oggﬁm e G0 1 1RE] Rhd BRIt
conpri si n %b]; rﬂats%c Li)l’{éé{ﬂel aving a surface mh]%iﬁ q?ls nodi fied by a
mal ei c &n hyelkat:&s e inf peliypenig | Ll SuRstaakfehayingod PYHEY Iny halahal ed

surface Of 0&% ry 92§t LRienhdy Reapasid ot aueingf mRehY 1iigwd .al ekl .
The film c rrp05| te 'S invention offas e$c€1 ent netal 20 adhesion. It
is resist a#ﬂ"Wi‘P'a\R)}s%cfé?lpﬂ e LR 3R als. Wthout priner,

the film adher Sridhted opmlstan:d fﬁlmnk speicitfisiadly BRaxfallm edzsi;nted
provi des exc Ient av o] SWET éﬁg‘?
%ﬂ? (y §§ b@{&éﬂ i kb%s fl i}ﬂ'gtr cture of

strength The nul til ayer
this i awemamimmlxefqid@lmst r‘éﬁ?es’tﬂqlﬁol popedified, paplyperic film,

pol ypr opyl ghgaver | ad tllecqas hid muisttiec barrieri chaphetenl sbhos trieeded
fol |l owi ng characterlftlcs density of 0.91 g.cc;-nelting point of
160[ err] C SPF PRFEIILIABtt flow rate of 2 to 4.

The present invention is directed to a film composition

: capable of being metallized comprising a polymeric substrate

15 having a surface which is modified by a wmaleic anhydride
modified propylene homopolymer or copolymer, the modified
surface of the polymer substrate having a skin layer of
polyvinyl alcohol.

The £ilm composite of this invention offers excellent metal

20 adhesion. It is resistant to flavor scalping and protects ink
decals. Without primer, the film adheres well to ink and is ink
printable. The film also provides excellent flavor/aroma
barrier properties, lamination bond strength and optical
clarity. °

a5 The multilayer f£ilm structure of this invention comprises
a substrate of polyolefin, typically polypropylene. The
preferred polypropylene matr.:ix material has the following
characteristics: density of 0.91 g.cc; melting point of 160°C
or higher; melt flow rate of 2 to 4.

3a The polyolefin substrate is modified by a maleic anhydride
modified polypropylene. The maleic anhydride modified
polypropylene skin layer can be prepared by any process, for
example, the process disclosed in U.S. Patent Nos. 3,433,777 and
4,198,327. A simple process for its pzepatatzon is described

35 in uU.s. 5,153,074. The maleic anhydrxde modified polypropylene
can also be interblended into the substrate, by melt blending
it with the subst‘r;.ite polyolefin or it can be coextruded with
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30 - The polyolefin substrate is nodified by a nmal eic anhydri de nodified
pol ypropyl ene, The naleeic anhydride nodified polypropyl ene skin
| ayer can be prepared by any process,~ for™ exanple the process disclosed in
U S. Patent Nos. 3,433,777 and 4,198 _327. A si rocess for its_ |,
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Usually, if extrusion coated, the modified substrate is
stretched in the machine direction 4 to 7 times and then flame
15 treated. R
A layer of polyvinyl alcohol (PVOH) is applied to the
surface of the modified substrate. In instances where the
substrate is coextruded with the maleic anhydride modified
polypropylene, it is important to apply the PVOH to the modified
20 surface, otherwise, the PVOH will have difficulty adhering ta
the substrate. The PVOH can be applied in a thin layer by any
effective pracess. The layer can range in thickness from 0.01
mil to 0.20 mil. Three processes of note are 1) coextrusion of
a PVOH skin and the modified substrate with the use of a
25 selectar plug or multicavity die; 2) extrusion coating the PVOK
layer onto the surface of the modified substrate between the
machine direction orientation and the transverse direction
orientation; 3) co-lamination of a thin film of PVOH onto the
surface of the modified polypropylene sheet between ths machine
30 direction orientation step and the ‘transverse direction
oriantation stép. Usually, when the PVOH layer is extrusion
coated onto the substrate, the film is stretched 5 to 12 times
in the transverse direction and flame treated.
Tor extrusion coating and co-lamination, it is preferable
35 to corona or flame treat the bonding surface of the substrate
prior to application of the PVOH.
A heat sealable film can be applied to the substrate on the

by
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surface of the nodified substrate. In instances where the substrate is
coextruded with the mal ei c anhydri de nodified pol ypropylene, it is
inportant to apply the PVOH to the nodi Bi ed 20 surface ot herwi se, the PVCH

will have difficulty adhering to the SUbS'&{xS PVOH can _be ap, Iled in
a thin | agtdebyorpsiks e&a vghﬁrc%‘&% Th aye‘Fa’ea % aRGE P15
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onto tﬁje gug*:%gg of t)ﬁf!y%'?&fl 93°S§|)5§’7 po %gene %Qie% E_ﬁt ween tlh cﬁi ne 30
directi oncépl de 2Mplo¥edp afyRIFAk ’gﬁ'ﬂ?%? &t PEE@P 9 3%t éingng’E‘ep.
Usual |y, ?eg-hecgygd,_ €lpal e@iﬁxﬁuswﬁm)mia,t exirognt otihpe sthserat goldhe
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corona or fbregeingeaethlie berndomy 1Be|ti-aoetb¢rt?-h§ +subbt Adumipumogoating,
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substrate on Bosﬂetothe PVOH hi s C?HE
acconpl i sydeldg eoenpibsﬁiaﬂgd&nﬁé&'t’ QéaFa IE°p6I’§ﬁerThEoEBF'9fFBF35r of, Fher
such aluminum coating needed to meet this optical density is,

typically, from 50 ta 1000 angstroms. The PVOH surface
adequately adheres to metal. Although we have found that it is

15 advantageous to surface treat, by flame or corona treatment, the
PVOH prior to metallization, this is not necessary.

We discavered that extrudable grades of PVOH which can be
melt processed avoid the blocking problems which are experienced
when PVOH is applied through a solution coating process, as

20 described in EPA 461,772. Since PVOH is melt processed there

are no block:.ng problems and the film can be easily wound into

a roll. Also pecause of the extrusion process, a layer ranging

from 0.01 mil to 0.20 mil can be applied, this cannot be

accomplished from the solution coating processes disclosed in

25 EPA 461,772 or U.S. 5,192,620 which usually achieve a layer

ranging from 0.02 to 0.06 mil. A commercial source of

extrudable PVOH is Vinex resin ~max'nxfac‘l:m:ed by Air Products and
Chemicals, Inc.

The advantages of using 100% PVOH in multilayer films, as

30 disclosed herein are extensive. Since 100% PVOH is employed,

the film is a better oxygen barrier than previous films made

with PVOH copolymers or blends. We have alsc found that the

surface properties provided by the PVOH are responsible for

superior metal adhesion, ink printing and lamination. The

35 surface tension of PVOH is high. Without flame or c¢orona

treatment, the surface tension is about 37 dyne/cm, as compared

to the surfacd tension of polypropylene of 29 dyne/cm. After




as et hyl ere~prgzypl ene-but ene, onto the substrate. The PVOH skin is then
netallized by deposition of a netal 5 thereon. Any typical process for
nmetal lizati on known in the art can be enployed. Typical netals

contenpl ated are alum num copper, chremum magnesium nickel, zinc, tin,

silver, gold, titanium silicon, bisnmuth, or any cog‘\gound cont ai ni ng the
f or egoi ng snmfaqg mrmmm e (suntane ReNaLoRi ASPYOHE: CAG, D) JRAASET

nost typi G Qévﬁ 1‘ cman bew;eiém£k9¢SSthah yyond @éls@ﬁé@alan
density of 1 5 to 3 he _t

i ckne al un ngm coat j ngﬁoedidi t 0 neet
this opti @ftramely high “P}ﬁ 2 # ?? Yﬁms’éqt%‘”?
PVOH sur f agguridqereat ety aﬁher@.nno exhdbital thoughemlhaﬁamétmnd tduting is

15 adva tagﬁous fo s rfacet rﬂatus{y%f lﬁﬁelﬂﬁ g&éogssgreaqgnggh,.?t he I?Hg—i

prior t RIS s no ecessary. covered t hat
ext rudabl achm@frm whirtesentDed nEOPRRGEOs ceetwesrn the melddng

probl ens yaﬁh: a4 5d EEEA ] CPESCube noPVﬂﬂlti-iﬂglelr%@ tp*alqmpm%?wtﬁms

coating p

ocess, as 20 descri bed E is nelt
processed RAEHRT el LAV eFki Ay %‘H%bl eé%f? h%n‘? f&r&taﬁ% easi |y wound

into aroll. A so because of the ext rDABDE process, a |layer ranging from

0.01 ml can | Segca |shedfromthe
sol ut rg'rh n processe?lw osedt% 25€E .S, 5,192,620
whi ch usu o lgve a | aygggranging from g& 006 mil. A
conmer ci alp rce of extr e PVOH i s Vi nexxég&i n manuf actured by Air
Products ahdefiidsél Seryfc ddRd advantages of using 100% PVOH in
multilawer filnms, as 30 disclosed herein are extensive. Since 100% PVCH i s
enpl oyed, Any grade of PVOH can be employed for the skin layer,

In general partially hydrolyzed grades (ef about 88%
hydrolysis} can be used and even PVOH with 70% or higher
hydroxyl content can be used.

20 The heat sealable layer ewmployed herein and applied
during coextrusion can be an ethylene propylene (EP)
copolymer or an ethylene propylene butene-1 (EPB) terpolymer
which, as noted above is, typlcally, 1located opposite the
PVOH skin layer. The ratio of ethylene to propylene to

25 butene-1 can be from 0 to 15% ethylene, 70 toc 100% propylene
and 0 to 15% butene-i; that is, 2% ethylene, 94% propylene
and 4% butene-l.

A printable surface which is adhered to the metallized

. film by an adhesive such as low density polyethylene can be

30 any polymer ‘such as polyolefin homopolymer, copolymer or
terpolymer, polycarbonate or polyester. The characteristic
of the printable surface is one with a surface free energy of
34 dynes/cm or higher.

As demonstrated in the following Examples the PVOH in

35 combination with the metallization and coating with an
appropriate lamination film will improve oxygen barrier,
moisture barrier and aroma barrier properties over other
structures. while, in these examples, metallization is
accomplished by conventional vacuum deposition,- it can also



the fil'm iFs-7@02eilf er oxygen barrier than previous filnms nade with PVCH
copol yners or blends. W have al so found that the surface properties

provi ded by the PVOH are responsi ble for_superior netal adhesion, ink
printing and | am nati on. The 35 surTate tension of PVOH is hi gh.

Wthout flame or coronpa treatnent, the [ ensign is aboyt 37 .dyne/cm
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littl e-none PV 9 - - &0OH >170
Cﬁé@% r comparative Péfﬁ@s s

None * et hyl ene y’f?%]é? dl%gp ny grpade of PVOH can be e Ioged for the

skin | ayer. A polypropylene homopolymer film was coextruded to make

10 a 0.90 mil film, using maleic anhydride grafted polypropylene
as a tie layer and an ethylene-propylene-butene terpolymer as
a heat seal layer on the other side. The film was metallized
on the maleic anhydride grafted polypropylenes side with
aluminum in a vacuum to an optical density of 2.5. The film
1S was then extrusion laminated with 75 gauge polypropylene film
using 10 1lbs/ream LDPE hot melt. The properties of the
multilayer film are set forth in Table 1.
Example 2
This expmple demonstrates a process for making a film in
20 accordance with the present invention which has superior air
and moisture barrier properties.

A polypropylene film was made by coextruding a
polypropylene substrate with an ethylene-propylene-butene
terpolymer sealant on one side and a tie skin of maleic

25 anhydride grafted polypropylene skin on the opposite side.
The film was stretched in the machine direction five times.
The film was flame treated on the tie skin side. PVOH was
extrusion coated on the treai:ed tie skin side and the film
was stretched in the transverse direction eight times before

30 it was again flame treated on the PVOH side and wound up in a
mill roll. The film was vacuum metallized on the PVOH side
with aluminum to an optical density of 2.5. The aluminum
coating thickness was 300 to 500 angstroms. The film was
extrusion laminated with 75 gauge polypropylene film using 10

35 1lbs/ream LDPE hot melt. The properties of the film are set
forth in the following Table 1.

Each film was made to a thickness of 0.90 mil. The tie



I n generaF-pa®2tal ly hydrol yzed gratles (of about 88% hydrol ysis) can be
used and even PVOH with 70% or hi gher hydroxyl content can be used. 20
The heat seal abl e | ayer enpl oyed herein and applied during coextrusion
can be an ethylene propylene (EP) ébﬁblyner or an ethyl ene propyl ene

butene-1 (EPB) terpolyner I gh, as ted alove is,, typnically, |ocated
opposi te {’ﬂ%e%’VéPgﬁ?‘ﬁ Pﬁf}\ga.rigeTﬁga%gﬁgo po@&p&qﬂﬁl t V9T IRPERHEO 1P 25
but ene- 1 wah be bhotim &xampléss et hyl ene, 70 to 100% propyl ene and 0 to 15%
butene-1; thatgis,:2% 949% ar | a 9 Li%%l;l? PL i bl e
surface which ??"éﬁ%lé/r ggg%%gteﬁgsrrgtéglg I ?%gﬁ?i% Fm%g‘y%g/en@ a es{']\;iezﬁ‘ﬂc%dé}"égl ow
density pergdeeedene Wakene vaposhytransaissiaqcrate p6gfbrar iny/24 br)
hﬁnopoltfw@a?_ cmmf mth ak tmé?@#yrresfrot priycar hﬁdweex_t Otraﬂ][sﬁ@.?sfs]gbn fd€a
characteristic of, rintable surface s, oqge, a_sur e free energy
of 34 dynkSFERPBr iR gﬁgr?‘ri‘swagnﬂ‘ﬁ?f'?lgfgdaitngghg'f gﬁ ﬁ’nga%t%n{ﬁ‘é%l 1%
PVOH i n 38lusihimaaidhesionh tichethet shbstoatenwasdmeesureg by hreporting
appr opri afi 1 AThaEl1OB1ciddeR deblr | AP OHPLOX KA DAL indfDl Sl e
barrier and arona barr eégf_ro erties over other_ structures. IT€e, Tn
i

these ex¥ipheScoteshaBn 0 targccomhe sharingtienyoendontg/ inic was
deposilg Oleasiitedaby?d! SdhinatfingOthé metallized surface to a layer of

polypropylene film of about 0.75 mil in thickness using 10
lb/ream of molten low density polyethylene at a melt
temperature of 325 °C in a laminating machine. The film
obtained was then pulled apart to measure the lamination bond

15 strength in a conventional pulling machine. Typical
lamination bond strength testing machines are the Alfred
Suter Tester and the Sintech Tensile Tester. Properties

obtained are as follows:
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was _stret%'ﬁ'é%lo?'ﬁl't he transverse direction eight tinmes before 30 it was
again flane treated on the PVOH side and wound up in amll roll. The film

was vacuum netal lized on the PVOH side @i th aluminumto an_opt ] ANy
of 2.5. The alum num coating thickness was 300 to 500 armmﬁgnﬁi“gﬁﬁgmﬂ‘l m
was extrusion lamnated with 75 gaugegpiusr opyl ene film s *

| bs/ ream LDPE hot nelt. The properties of the filmare set forth in the
following Table 1. Each filmwas made to a thickness of 0.90 m|. The tie
F-7302-L 6- layer (maleic anhydride grafted pol ypropyl ene) was about 005

ml in both exappl en. Bilwi ecompapitions wikichnecouprisen tae pelymeéried
films produced. Water vapor transm ssion rate (g/100 in[ferr]/ 24 hr) 5 was
measur ed substoater haRingOwtRAeastOaNR SUFEAMER| WRish dgt & ipgh B[ &rr]
/24 hr) was neasured at 73[err. 0% RH. .The |.evel al um num adhesi on to

the sulfstpaieigaanhydzided mB?’-H-bGr PERRYLRBSHARIRO fF FORPLEPE! | S
(i) veEhaompaldiedd piF4are nar N9o e | F9BneriPF,bEVHR8, T LkPR G,
ol Lon | 808gan Ay 18 R, Htfe Heeallizid: ISy hsdne Sy ot |
imr;agulrgm;[ Egi&g%nﬁgflggﬁggg%ame filmobtained was then pulled apart to
10 2. A film composition according to claim 1 in which
the maleic anhydride modified propylene homopolymer or

copolymer is a discrete layer.

3. A film compasition according to claim 1 or 2 in
15 which the substrate comprises an oriented homopolymer or

copolymer of propylene.

4. A film compasition according to any preceding claim
in which one side of the £ilm has a heat seal layer thereon.
20
‘ 5. A film composition according to any preceding claim
in which the polyvinyl alcohol skin layer is essentially free

from crosslinking agent.

25 6. A film composition according to any preceding claim
in which the polyvinyl alcohol skin layer comprises
extrudable polyvinyl alcohol.



15 strendtW39%4rLa conventional pulling machin mﬁﬁl‘!\ﬁg nati on
"bond strength testing nmachines are the Al fred Sut:} “‘M{ Si nt ech
Tensil e Tester. Properties obtained gre as follows: F-7302-L
1. A filmconposition which conprises a polyneric subst rate havi ng at

east one surfpce Wi ciyip TObbosPEidl dob TBHALE anhydrslc R | othe

pr opyl ene honnpolyner or copoly the nodified surface of the polyner
substrat E‘ﬁ: ﬁ SltohoBYEKin Cpm&& ei®fa hpargiaklyl hyaedlyeedsysadag
essentially of pol yvi nyl al cohol . 2. A filmconposition according
toclaiml1l in which the nmaleic anhydrlde nodi fied propylene

honmopol yner or copolyner is a discrete layer. 3. A film conposition

according to c8aima me@alhllﬁmielmt@m‘?h@@ CRREPFAERT artr i AW ed

honmopol ymer or copol yner of propyl ene. A filmco 03| ti on ccording to
any pr 8cepiregeding m ¢hami chnonﬁx%‘}e Bpet h&%N nidyer aﬁ?
thereon. Ssentially' 'otyvinyl ''alechdi” Hald 40 Ad¢al’ efs,%gg Ay

thereon.

9. A‘metallized film composition according to claim 8

10 in which there is a heat sealable layer on the substrate

opposite the skin layer.



i n whitcth @m%jnyqdnyl afcohol skin layer is essentially free from
crosslinking agent. 25 6. Afilmconposition according to any

preceding claimin Which the polyvinyl alcohol skin |layer conprises
ext rudabl e pol yvi nyl al cohol . 7. A film conposition of claim 11
in which the polyvinyl alcohol skin 1897 is a partially hydrolyzed

grade. S. A netallized film conpo§ha*ﬂﬂ according to any 5 preceding
claimin which the skin layer consisting oFTessentiaIIy pol yvi nyl al cohol
has a netal |ayer directly thereon. 9. A netallized film conposition
accor di ng t BT §P¥ROSITEON n which there is a heat seal able |ayer on the

substrate oppodit setadldked | apfltilayer f£ilm made from a polymer
substrate, preferably polypropylene, is modified by a maleic
5 anhydride modifiead Propylene polymer which can be located on
4@ surface of the substrate or incoerporated within the
substrate has a skin layer of polyvinyl alcohol which is

Capable of being metallized.



