WD 01/98386 1 PCT/ FRO1/ 01859 GRAFT | C POLYPROPYLENE AND
CCEXTRUSI ON TI ES BASED ON SYNDI OT AW“W’]WIWYLENE [ Bac l@g:rtﬁirﬁ& Stfe
invention] 5 The present invention rel al es,1 0 syndi otactic pol ypropyl ene
to which has been grafted a functional Tnonomer. This product is of use as
a conpatibil Wa 93 /9%838€ , for exanple in blends of pol pam/dRoayd 1859

pol ypropyl ene or in blends of polypropylene and of 10 glass fibres.-The
syndi otactic polypropylene is also of use as a coextrusion tie. The
coextrusi on tGRAFBER OPYNREQTACTIC@| PORYPROPYHENEt ANDSQOBEKDRUSION TIES

pol ypropyl ene then optionally diluted in at |east one polyolefin (d) or
in at |east 15 one pol yPRSER O J¥YNRIQTACREEF| BORYPRPBYLENEor in a blend of
(d) and (D), (ii) or of grafted isotactic polypropylene diluted in

syndi otactic polypropylene and optionally in at |east one polyner with an
el astoneric nature (D). 20 These coextrusion ties are of use, for

exanpl e, in the nmanuf adBREBOURA 99 4 imatrias! for  packagi ng. Mention
may be made of nmaterials conprisi n%ma film of pol%l%mde EPA? and a film of

pol ypropylPene (PP), i t: Bei§ S58%siBIVE 0N HE 3701 Sridpyi 54Tt 25 be
| am nat ed onto.the pol,yam de fil.m or__coextruded w t the pol yam de. The
coext r usi on tlaloel%ps,ropé/slietnieogté)d ST ?}?eerbcﬂﬁfpggoep(i;laengurbcgtdl%}g pol yani de

for good

monomer. This product is of use as a compatibilizing
agent, for example in blends of polyamide and of
polypropylene or in blends of polypfopylene and of

10 glass fibres. -The syndiotactic polypropylene is also of
use as a coextrusion tie.

The coextrusion tie is composed (i) either of
grafted syndiotactic polypropylene then optionally
diluted in at least one polyolefin (Cl) or in at least

15 one polymer with an elastomeric nature (D) or in a
blend of (Cl) and (D), (ii) or of grafted isotactic
polypropylene diluted in syndiotactic polypropylene and
optionally in at least one polymer with an elastomeric
nature (D).

20 These coextrusion ties are of use, for
example, in the manufacture of multilayer materials for
packaging. Mention may be made of materials comprising
a film of polyamide (PA) and a film of polypropylene
(PP), it being possible for the polypropylene film to

25 be laminated onto the polyamide film or coextruded with
the polyamide. The coextrusion tie is positioned

between the polypropylene and the polyamide for good
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adhesion of the PA and of the PP. These multilayer materials can be
three-layer structures PP/tie/EVOH in which EVOH denotes a copol yner of
et hyl ene and of vinyl alcohol or a partially or conpletely saponified 5
et hyl ene/ vinyl acetate (EVA) copolyner or five-layer structures
PP/tie/EVOH tie/PP. [Prior art and techrd cal problenm Polypropylene is
described in Kirk-Q hner, Encyclopaedia of Chem cal Technol ogy, 4th
edition, 10 Vol. 17, pages 784-819, John Wley & Sons, 1996. Virtually al
pol ypr opyl enedaekdonsoconpes@d aesisert italel Yrof Thesteaetula ifalygpr opyl ene
possibly containing a small anount of atactic pol ypropyl ene. Nunerous
prior arts erxpsterdidsl oshnpegrafreed lals rpeltypodpylesnd Huti € AEVIGH dlnway's

i sotactic polypropylene. Patent US 5 235 149 discl oses packagi ngs cl osed
by caps conpuSéahoFVaH deomitaisum sheetyrelr @ft iedhyilayer amed oof vanyl

pol ypr opyl ene Iax The tie layer of the _cap_is conposed of various

pol ymer s~ gr aPLEANGLt RY26 RrjHRe Lacird @Pm@éﬁéﬁéYaﬁ@Pmﬂhﬁéed:he pol ymers can

be chose fro oly pol ypr o ene, copolyners of _ethylene and of
vinyl acetat & g%EeBSE éﬁgrécﬁFatétH§%éﬁeC§H@ lymede Ry If i¥&i2atee. Patent DE
19 535 915 A di scl oses raft propylene bl ock copol yner for
adhesi vel y b3ndt ﬁ@ur58lg 56§/§§8H?%I o nmetal sheets. 3 Patent EP 689

505 discl oses StrUCtur?§rlor art and technical problem]
Polypropylene is described in Kirk-Othmer,
Encyclopaedia of Chemical Technology, 4th edition,

10 Vol. 17, pages 784-819, John Wiley & Sons, 1996.
Virtually all polypropylene sold is composed
essentially of isotactic polypropylene possibly
containing a small amount of atactic polypropylene.

Numerous prior arts exist disclosing grafted

15 polypropylene but it is always isotactic polypropylene.

Patent US 5 235 149 discloses packagings
closed by caps composed of an aluminium sheet, of a tie
layer and of a polypropylene layer. The tie layer of
the cap is composed of various polymers grafted with

20 acrylic acid or maleic anhydride; the polymers can be
chosen from polyethylene, polypropylene, copolymers of
ethylene and of vinyl acetate and copolymers of
ethylene ahd of methyl acrylate.

Patent DE 19 535 915 A discloses a grafted

25 polypropylene block copolymer for adhesively bonding

polypropylene films to metal sheets.



simlar to those disclosed in the above patent but which are used to
prepare food packagi ngs. Patent EP 658 139 discloses structures 5 simlar
to those disclosed in the preceding patent but the tie is a grafted random
pol ypr opyl ene copol yner conprising from1 to 10% of cononomer, the Mw Mh
ratio is between 2 and 10 and the MFI (Belt Flow Index) is between 1 and
20 g/10 mn (230C, 2.16 kg). 10 The radical grafting of functional nononers
t0 polyolefins is carried out either in the nolten state, or in solution,
using radical initiatoPstesuchP &8 Ppeldxidies;lages rsithetsoidésd state, by
irradiation. Under the action of the radicals, side reactions occur 15 at
the same ti msiag lale tgr ahoisey disqdtdsed iThéyhea eddue Hatent ity ease in the
nol ecul ar mass in the case where the polyner to be grafted is polyethyl ene
or inits dedicdsérienusikd dase e thfics iR PSI9igYBpyl ene. |1 f  the amount
of radicals necessary for the grafting 20 reaction is high, the change in
the mol ecul ar mass of FERENSolEFol%rs rilgjr9e§{}lstcslqsr?sa SHgHi%4&ht nodi fication

out i n'an SexPATIGRT e TSEoSHSy S 1B it o s MARHE 1820 i gh
that it is n%h%S Ii%n er posrsifl%lee tQ extr u% itr;ot e \Q sccosoit meorf t he
grafted pol ypropffl eneSi § 959 owdt hat'q tpogy@an er(I;l 1 ongoeDr e extruded.
These phenoneng, fedyce thepmOWR 1he U IEARKINEJUNSH MRBhsOrARS, vhi ch
can be incor por Rie
is between 2 and 10 and the MFI (Melt Flow Index) is
between 1 and 20 g/10 min (230°C, 2.16 kg).
10 The radical grafting of functional monomers
to polyolefins is carried out either in the molten
state, or in solution, using radical initiators, such
as peroxides, or in the solid state, by irradiation.
Under the action of the radicals, side reactions occur
15 at the same time as the grafting reaction. They result
in an increase in the molecular mass in the case where
the polymer to be grafted is polyethylene or in its
decrease in the case where this is polypropylene. If
the amount of radicals necessary for the grafting
20 reaction is high, the change in the molecular mass of
the polyolefin results in a significant modification in
its melt viscosity. These grafting operations are
generally carried out in an extruder. The viscosity of
the grafted polyethylene is so high that it is no
25 longer possible to extrude it; the viscosity of the

grafted polypropylene is so low that it too can no

longer be extruded. These phenomena reduce the amount



into the polyolefin by radical grafting of functional nononmers. Patent EP
802 207 discloses the grafting of 5 |arge anounts of functional nononer to
bl ends of pol yethylene and of pol ypropyl ene. The increase in the

mol ecul ar mass of the polyethylene is conpensated for by the decrease in

t he nol ecul ar mass of the pol ypropyl ened present during the radical
grafting 10 reaction. Generally, this blend of cografted polyethylene and
pol ypropyl ene i s subsequently diluted in a polyolefin. It has now been
found that aofumebicanale frnmarienadandoepgr aftieth tcarsyediigtcadiparated

pol ypropyl ene 15 and that the nelt flow index (al so denoted by MI)

i ncreases nuéhtlesset pand viofl eifsot &ot irediolaiproomiteme oferfaingrtafdred. It i s

t hus possible to graft amounts of functional nononer which can reach 4 to
8% by wei ght "@fiOMERE -syndi ot acti ¢ pol ypropyl ene. This solution is 20
sinpler than to graft a blend of polypropyl ene and of polyethylene. [Brief

description of the invEREaH] EPhé0gr eddntdiistiemsisort e %t

g SYindi ot acti ¢

polypropy%enisto whi ch has bheen grafted a functional 25 nonomer. The

i nventi on~al

SyndlOtaCtlCp%ly%%h%&%%%ygggeo%h%%lo &%%@%%%%.dﬁhg}%%éféase

at

TEg| FeENES Ricd 4Gt MOPOMEFnPSs &t idS &%t her of grafted

| east one
in the

molecular mass of the polyethylene is compensated for

by the decrease in the molecular mass of the

polypropylene present during the radical grafting

10 reaction. Generally, this blend of cografted

polyethylene and polypropylene is subsequently diluted

in a polyolefin.

It has now been found that a functional

monomer can be grafted to syndiotactic polypropylene

15 and that the melt flow index (also denoted by MFI)

increases much less than if isotactic polypropylene

were grafted. It is thus possible to graft amounts of

functional monomer which can reach 4 to 8% by weight of

the syndiotactic polypropylene. This solution is

20 simpler than to graft a blend of polypropylene and of

polyethylene.

[Brief description of the invention]

The present invention relates to syndiotactic

polypropylene to which has been grafted a functional

25 monomer.

The invention also relates to a coextrusion

tie composed (i) either of grafted syndiotactic



polyolefin () or in at |east one polyner with an elastoneric nature (D)
or in a blend of (C) and (D), (ii) or of grafted isotactic polypropyl ene
diluted in 5 syndiotactic polypropyl ene and optionally in at |east one
polymer with an elastonmeric nature (D). The present invention also rel ates
toa nultilayer structure conposed of a5l ayer conprising the preceding
tie and, directly attached to this layer, a 10 |ayer of nitrogen-conprising
er ~oxygen-conprising polyresin, such as a |ayer (E) of a polyam de resin,
of a saponi focedrempol hemer tdferetdpt ieme land df lwie|in acetltast ofna

pol yester resin, of an |norgan| c oxide deposited on a polyner, such as PE,
pol y(et hyl en@OﬂB’Otl@rfépht Jate®) ior FVAgaTr Wise@ ymaalworh awetal | opl astic
| ayer. Accordi ng to anot her al ternatl ve form_ the invention also relates
to the prece® ﬁ@;tﬁn\q}d{%ﬁ@t\lﬂfﬁ didtedt] @ Rthexhef tCheandt tr, on the
side of the 20 tle ol ef i n-based | ayer. (F). [Detail ed description of
the inventiorfft®) S)ﬂ?dl dcf&ry 501 TR e @9 W RICR i s Ci“nlu“rﬁq1 KL hrrer
Encycl opedi a of Ch al Te hnoI 0 4t h dition, \Vol. es 784- 819
Tohn W1 ey & GO HGodo] /s(avém%égeéﬁua GRS RLYY 1y o TR 190G
2.16 kg) is af n%st 1%rar‘)qo{t dvant algdch eyrlbcetnw«egcen 0. and 3. 6 Mention
may al so be mad ytnhe syn i Stac

The present invention also relates to a
multilayer structure composed of a layer comprising the
preceding tie and, directly attached to this layer, a

10 layer of nitrogen-comprising or oxygen-comprising
polyresin, such as a layer (E) of a polyamide resin, of
a saponified copolymer of ethylene and of vinyl
acetate, af a polyester resin, of an inorganic oxide
deposited on a polymer, such as PE, poly(ethylene

15 terephthalate) or EVOH, or else a metal or
metalloplastic layer.

According to another alternative form, the
invention also relates to the preceding structure with,
directly attached to the latter, on the side of the

20 tie, a polyolefin-based layer (F).

[Detailed description of the invention]

Syndiotactic polypropylene is described in
Kirk-Othmer, Encyclopedia of Chemical Technology, 4"
edition, Vol. 17, pages 784-819, John Wiley & Sons,

25 1996. Advantageously, its MFI (in g/10 min at 190°C,
2.16 kg) is at most 10 and advantageously between 0.1

and 3.



pol ypr opyl ene di sclosed in Patents US 5 969 021, US 5 710 222, US 5 688
735, US 5 476 914, US 5 334 677, US 5 292 838, US 5 278 265, US 5 243 002,
US 5 225 500, 5 US 5 223 468, US 5 223 467, US 5 155 080 and US 4 892 851.
tt would not be departing fromthe scope of the invention if the

syndi otactic pol ypropylene were to conpdise at |east one pol yner chosen
from(A), denoting 10 a polyethylene or a copolyner of ethylene, and (B)
i.tself chosen from (Bl) isotactic polypropylene honopolyner or copolyner,
(B2) poly(l-butene) hoNentdabn eagolyrer banchadB3) fPpalnestsymerie dam-c or
copolynmer. That 1is to say that a blend conprising either syndiotactic 15
pol ypropyl enpcdngrenyleoe sysdilotact i peltgpriepylserne 96@nd2(1B), or

syndi otactic polygropylene and (A) and (B), is grafted. Advantageously,
the proporti8a &f 'LA) 228ndF6r 5( BB Sr dpbes&it $ 148$s HlHan UF0% BBaws ght of t he

conbi nati on of syndiotactic pol ypropyl ene and (A) 20 and/or (B). (A) is
chosen from P&l yetfyl 84 hEfo~ §B8 é6poel Yivers 248eM0iZon Udayp 8%%%&&@; as
conononers, h f gl | owi ng: - a-ol efins, advantageously those having
from 3t BQEcérgaﬁ g@@wspsEQa%§9e§68P oPeflions OR8vidRg 3 to 30 carbon
atons as possible mers conprise 7 propylene, 1-butene, 1-pentene,
3-nethy|-|-bgFeﬁegggntg'

It would not be departing from the scope of
the invention if the syndiotactic polypropylene were to
comprise at least one polymer chosen from (A), denoting

10 a polyethylene or a copolymer of ethylene, and.(B), |
itself chosen from (Bl) isotactic polypropylene
homopolymer or copolymer, (B2) poly(l-butene) homo- or
copolymer and (B3) polystyrene homo- or copolymer. That
is to say that a blend comprising either syndiotactic

15 polypropylene and (A), or syndiotactic polypropylene
and (B), or syndiotactic polypropylene and (A) and (B),
is grafted. Advantageously, the proportion of (A)
and/or (B) represents less than 40% by weight of the
combination of syndiotactic polypropylene and (A)

20 and/or (B).

(A) is chosen from polyethylene homo- or
copolymers.

Mention may be made, as comonomers, of the
following:

25 - o-olefins, advantageously those having from
3 to 30 carbon atoms. Examples of a-olefins having 3 to

30 carbon atoms as possible comonomers comprise



1- hexene, 4-nethyl-I-pentene, 3-nethyl-I-pentene, 1-octene, 1-decene,

1- dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene, 1-eicocene,
1-dococene, 5 1-tetracocene, 1-hexacocene, 1l-octacocene and 1-triacontene.
These a-olefins can be used alone or as a mxture of two or of nore than
two. - esters of unsaturated carboxylic acids, such as, for exanple, alkyl
(nmeth)acrylates, it being 10 possible for-the alkyls to have up to 24
carbon atons. Exanples of al kyl acrylate or nmethacrylate are in particular
met hyl met hapryppatlenest MyHbudenyd,atle;pent-dng,y |3 -acry dt-6,-busadng yl acryl ate
or 2-ethylhexyl acrylate. 15 - vinyl esters of saturated carboxylic acids,
such as, for lekgmging, Fi-mgthadetlatrendrens,o-oredthe/l ~11pesetauraat ed epoxi des.
Exanpl es of unsaturated epoxides are in particular: 20 - aliphatic

gl yci dyl est ér9cifd et Hedsecesnigeh 1-gpdadeyle gllytiahradadssre, vi nyl gl yci dyl
ether, glycidyl maleate, %chidyl itaconate, glycidyl acrylate or glycidyl
met hacr yl at e}~ 2f&2IeLENEy ¢ 11 © GIARGHNE re di &l Offd ot HerdO Caafile gS af
2-cycl ohexene-1 - glycidyl ether, diglycidyl cyclohexene-4,5-carboxyl ate,
gl yci dyl ycl6ﬁ8§gﬁgpcf%@ar86 %ﬁﬁé%%ﬂ%uﬂ%iﬂc AGHIHA -Bhor bor nene” 8

2'Carboxy|at%—%Qqa%%%%%%%qy%h%%%pEﬁLfﬂgngQﬂégh be used alone or as
a mixture of two or of more than two.
- esters of unsaturated carboxylic acids,
such as, for example, alkyl (meth)acrylates, it being

10 possible for.the alkyls to have up to 24 carbon atoms.

Examples of alkyl acrylate or methacrylate
are in particular methyl methacrylate, ethyl acrylate,
n-butyl acrylate, isobutyl acrylate or 2-ethylhexyl
acrylate.

15 - vinyl esters of saturated carboxylic acids,
such as, for example, vinyl acetate or propionate.

- unsaturated epoxides.

Examples of unsaturated epoxides are in
particular:

20 - aliphatic glycidyl esters and ethers, such
as allyl glycidyl ether, vinyl glycidyl ether, glycidyl
maleate, glycidyl itaconate, glycidyl acrylate or
glycidyl methacrylate, and

- alicyclic glycidyl esters and ethers, such

25 as 2-cyclohexene-1- glycidyl ether, diglycidyl

cyclohexene-4, 5-carboxylate, glycidyl cyclohexene-

d-carboxylate, glycidyl 2-methyl-5-norbornene-



[ 2. 2. 1] hept - 5-ene- 2, 3-di carboxyl ate. - unsaturated carboxylic acids, their
salts and their anhydrides. 5 Exanples of unsaturated dicarboxylic acid
anhydrides are in particular naleic anhydride, itaconic anhydride,
citraconi c anhydride and tetrahydrophthalic anhydride. dienes, such as,
for exanple, 10 1, 4-hexadiene. - (A) ca® conprise several conononers.
Advant ageously, the polyner (A), which can be a blend of several polyners,
conprises at least 50 nol % and preferably 75 nol % of ethyl ene. The density
of (A) 15 car-eardbetpyeerte).a86 and 1§.A8yy/ amio-hes Malcyalicseosity 1 ndex at
190C, 2.16 kg) is advantageously between 1 and 1 000 g/10 mn. Mention may
be made, as dxa@plld hefotpolyamer<, (-Aicafbord atd.ow density pol yet hyl ene
(LDPE) - high density polyethylene (HDPE) - linear |ow density

pol yet hyl ene (LLDPE) - &SR Hugkt@shsianppallicat maidto (WIDRE)salts

pol yet hyl ene obtai ned by netal | ocene 25 catalysis, that is to say the

pol ymers obt &RedNsy T éopoidisaszati on of ethyl ene and of a-olefin, such as

propyl ene,_ but ene, hexene or. octene, in the presence of 9 a single-site
cat al yst dénerally co o unsaturated dicarboxylic acid

anhydrides are in particular maleic anhydride, itaconic
anhydride, citraconic anhydride and tetrahydrophthalic
anhydride.
- dienes, such as, for example,
10 1,4-hexadiene.
- (A) can comprise several comonomers.
Advantageously, the polymer (A), which can be
a blend of several polymers, comprises at least 50 mol$%
and preferably 75 mol% of ethylene. The density of (A)
15 can be between 0.86 and 0.98 g/cm’. The MFI (viscosity
index at 190°C, 2.16 kg) is advantageously between 1
and 1 000 g/10 min.
Mention may be made, as example of polymers
(A), of:
20 - low density polyethylene (LDPE)
- high density polyethylene (HDPE)
- linear low density polyethylene (LLDPE)

- very low density polyethylene (VLDPE)

polyethylene obtained by metallocene
25 catalysis, that is to say the polymers obtained by
copolymerization of ethylene and of a-clefin, such as

propylene, butene, hexene or octene, in the presence of



zirconiumor titaniumatomand of two cyclic alkyl nolecules bonded to the
netal. More specifically, the netallocene catalysts are usually conposed
of two 5 cycl opentadiene rings bonded to the netal. These catalysts are
frequently used with al um noxanes as cocatalysts or activators, preferably
met hyl al um noxane (MAO . Hafnium can al%o be used as netal to which the
cycl opentadi ene is attached. Qther netall ocenes can 10 include transition
netals from Goups VA, VA and VIA. Metals fromthe | antham de series can
al so be useda siBBRe(etihyl enclpyepylbene railllyercorglcastomdr & - EPDM

(et hyl ene/ propyl ene/ di ene) el astonmers; - blends of polyethylene with an
EPR or an 1B1EPDRfium erhyléna/iaikpit ofmeris) &dr yiwat eysdpal yigns.  which can
conprise up to 60% by wei ght of %lmath acryl ate and preferably from2 to
40% - et hyl BREFELKGE Pﬁ@fiﬁ)jaépylt eFRdladi-c Mo camppdriifde addpol yihs s

obt ai ned by co ol.ymerization_ of the three nononers, the fproport| ons of
(met h) acryi aff€ta Bépﬁﬁnﬁs CRRE LY Te AEEp HISYRErY, SOR® " Sral ei ¢
anhydri de _bei n 0% and .preferably 0.2 to 6%.b 25 -

ot hyl ene/ 4 nwgéeﬁfa&?@ AEe &1 Gny GRRGEY Cnorenirs 2ot SARF by

copol yneri zat| Lon, three 10 tTi)/nome‘rs theaqr %Dortl Qns be| ng the sane

th
as in the abdvé ggﬁglgre frequen Uséd with lnoxanes

cocatalysts or activators, preferably methylaluminoxane
(MAO) . Hafnium can also be used as metal to which the
cyclopentadiene is attached. Other metallocenes can

10 1include transition metals from Groups IVA, VA and VIA.

Metals from the lanthamide series can also be used.

EPR (ethylene/propylene rubber) elastomers;

EPDM (ethylene/propylene/diene) elastomers;

blends of polyethylene with an EPR or an

15 EPDM;

ethylene/alkyl (meth)acrylate copolymers
which can comprise up to 60% by weight of
(meth)acrylate and preferably from 2 to 40%;

- ethylene/alkyl (meth)acrylate/maleic

20 anhydride copolymers obtained by copolymerization of
the three monomers, the proportions of (meth)acrylate
being as the above copolymers, the amount of maleic
anhydride being up to 10% and preferably 0.2 to 6% by
weight;

25 - ethylene/vinyl acetate/maleic anhydride

copolymers obtained by copolymerization of the three



As regards (Bl), this is an isotactic pol ypropyl ene hono- or copol yner.
Mention may be nade, 5 as conononers, of: - a-ol efins, advantageously
those having from 3 to 30 carbon atons. Exanples of such a-olefins are
the sane as for (A), except that propylene is replaced by ethylene in the
list, 10 - dienes. (Bl) can also be a cdgol yner conprising polypropylene
bl ocks. Mention may be nmade, as exanple of polyner (Bl), of 15 -

pol ypropyl ene, - blends of pol ypropyl ene and of EPDM or of EPR

Advant ageous mpnotmee spoltyree o (dBD)rt wmisc heciary  thee asdmeeres afn sewer al

pol ymers, conprises at |east 20 50 nol % and preferably 75 nol % of

propyl ene. B2bgeckkeped vinedm pol y(1- but ene) or the copolyners of 1-butene
with ethylene or another a-olefin having from3 to 10 carbons, except the
propyl ene al ready nent iPfén&@JardsB1)Bl)as t(Q;B?ﬁ) liss arhoset #910rA pol yst yrene or

styrene copol nmers. IYEntlon nmay be nade, armngqthe copolyners, 11 by way
of exanpl e, é!lpéﬁé’é’ ENT rﬂr4 RO 8 YOG oA ST Ak R dirdfy t he

functi onal rmnorrer it is
comonomers, of:

- O-~olefins, advantageously those having from
3 to 30 carbon atoms. Examples of such a-olefins are
the same as for (A), except that propylene is replaced
by ethylene in the list,

10 - dienes.

(Bl) can also be a copolymer comprising
polypropylene blocks.

Mention may be made, as example of polymer
(Bl), of

15 - polypropylene,

- blends of polypropylene and of EPDM or of
EPR.

Advantageously, the polymer (Bl), which can
be a blend of several polymers, comprises at least

20 50 mol% and preferably 75 mol% of propylene.

B2 is chosen from poly(l-butene) or the
copolymers of l-butene with ethylene or another
a-olefin having from 3 to 10 carbons, except the
propylene already mentioned in (B1l).

25 (B3) 1is chosen from polystyrene or styrene

copolymers. Mention may be made, among the copolymers,



unsaturated, nmention may be nmade, by way of exanple, of 5 al koxysil anes,

carboxylic acids and their derivatives, acid chlorides, isocyanates,

oxazol i nes, epoxides, am nes or hydroxides. Mention may be nade, anong

al koxysil anes carrying an unsaturation, of: 10 CH2=CH Si (OR) 3
vinyltrial koxysilanes CH2=CH CH2-Si (ORn 3 allyltrial koxysil anes
CH2=CR1-CO- O Y-Si (OR) 3 (neth)acryloxyal kyltri al koxysil anes (or

(meth)acrylsilanes) in which: 15 Ris an alkyl having from1 to 5 carbon

atons or anbgl kayylof- BZGRD lien wii chd2sambRhqarfeal kylto awarporat nost 5

carbon atons for the conbination of R2 and R3. Rl is a hydrogen or a

met hyl . Y i sagemgl-kyl ene having from1l to 5 carbon 20 atons. Use is nmade,

for exanple, of vinylsilanes, such as trimethoxyvinylsilane,

tri et hoxyvinyl sil ane, AsrfggaFeey bheyIfanciienaly manamersi Mt sid ane,
tripentoxyvinylsilane or tris(-nmethoxyethoxy)vinyl- 25 silane,

al |yl si | anes "NSGERTAS eCri SR amay 9 a’wé?é 1Y &thofalgsargilenet
tripropox all{lsilangé tributoxyal |yl silane or tripentoxyallylsilane,

31LQEN S 2RESy | GRFMENPIIG iBredfo st IHife,r derivatives,

acryl sil ares;

met hacr yl oxynet hyl net hoxysi | ane, acryl oxyet hyl - . trinmethoxysil ane,
met hacr yl oxyfet Fﬁgfﬁé Sir| afgcyanates,” oxazolines, epoxides,

amines or hydroxides.

Mention may be made, among alkoxysilanes
carrying an unsaturation, of:

10 CH,=CH-S1 (OR) ;3 vinyltrialkoxysilanes
CH,=CH-CH,~-S1i (OR) 3 allyltrialkoxysilanes
CH,=CR;-C0O-0-Y-S1i (OR) 3

(meth)acryloxyalkyltrialkoxysilanes (or
(meth)acrylsilanes) in which:

15 R is an alkyl having from 1 to 5 carbon atoms
or an alkoxyl -R,OR3 in which R, and Rs are alkyls having
at most 5 carbon atoms for the combination of R; and Rj.

R; is a hydrogen or a methyl.

Y is an alkylene having from 1 to 5 carbon

20 atoms.

Use 1s made, for example, of vinylsilanes,
such as trimethoxyvinylsilane, triethoxyvinylsilane,
tripropoxyvinylsilane, tributoxyvinylsilane,
tripentoxyvinylsilane or tris(B-methoxyethoxy)vinyl-

25 silane, allylsilanes, such as trimethoxyallylsilane,
triethoxyallylsilane, tripropoxyallylsilane,

tributoxyallylsilane or tripentoxyallylsilane, or

or

12



acryl oxyet hyl tri met hoxysi | ane, net hacryl oxyethyl 5 trinmethoxysil ane,

acryl oxypropyl tri net hoxysil ane, nethacryl oxypropyltrinmethoxysil ane,

acryl oxybutyl - trinmethoxysilane, nethacryl oxybutyl nmet hoxysil ane,

acryl oxyethyl tri et hoxysil ane, nethacryl oxyethyl- triethoxysilane,

met hacryl oxyet hyl tri propoxysil ane, 10 acryl oxypropyl tributoxysilane or
nmet hacryl oxypropyl - tripentoxysilane. Use nay al so be nade of m xtures of
these products. Use is preferably made of: 15 CH2=CH Si- (OCH3) 3

vi nyl tri met haxotsillsane nesVTMcHCHZ= G 1St o X{yaeH2GHY) r idnad iyt § ¢4 Ao xysi | ane
(VTEQ CH2=CH Si- (OCH20CH2CH3) 3 20 vinyltrinmet hoxyet hoxysil ane (VTMOEO)
and ( 3- (et haetyhasmap)lpreymd Hh lmeatdtchoseyislid rane a GHZC: («GHBY 1~ CO- 0- ( CH2)
3-Si (OCH3) 3 Exanples of unsaturated carboxylic acids are those having 2
to 20 car bon tatieres hosuish la eac md ting c AL sty winias hawt i kand umar i ¢ and
itaconic acids. The functional derivatives of these acids conprise, for
exanpl e, the S&AMIERYEEDY Litd methax widrliang i Vst hadey igvelmh e deri vat i ves,
the imde derivatives and the netal. salts (such as the alkali netal salts)
of the umsatdridtsdd A BhANS c asdydexypropyltrimethoxysilane,

methacryloxypropyltrimethoxysilane, acryloxybutyl-
trimethoxysilane, methacryloxybutylmethoxysilane,
acryloxyethyltriethoxysilane, methacryloxyethyl-
triethoxysilane, methacryloxyethyltripropoxysilane,

10 acryloxypropyltributoxysilane or methacryloxypfopyl—
tripentoxysilane.

Use may also be made of mixtures of these

products.

Use is preferably made of:

15 CH,=CH-Si- (OCH3) 3 vinyltrimethoxysilane
{(VTMO)
CH,=CH-Si- (OCH,CH3)3 vinyltriethoxysilane
(VTEO)
CH,=CH-Si- (OCH,0OCH,CH3) 3

20 vinyltrimethoxyethoxysilane (VTMOEOQO)

and (3-(methacryloxy)propyl)trimethoxysilane
CH,=C (CH3) -CO-0- (CH,) 3-S1i (OCH;3) 3
Examples of unsaturated carboxylic acids are
those having 2 to 20 carbon atoms, such as acrylic,
25 methacrylic, maleic, fumaric and itaconic acids. The
functional derivatives of these acids comprise, for

example, the anhydrides, the ester derivatives, the




Unsat ur at ed di carboxylic acids having 4 to
functional derivatives, particularly their anhydrides, are particularly

preferred grafting nononers. These grafting nonomers conprise, for
exanple, maleic, fumaric, itaconic, citraconic, 10 allylsuccinio,
ne-1, 2-di carboxylic, 4-nethy cycl ohex-4-ene-1, 2-di carboxylic,

cycl ohex-4-e
bi cycl o] 2. 2.

1 hept-5-ene-2, 3-di carboxylic and x-nethyl bi cycl o-

5 10 carbon atons and their

[2.2.1-hept-5-ene-2, 3-di carboxylic acids and maleic, itaconic, citraconic,
al 1 yl succi ni gricgclderaxa4-iere , 15 hk Ardidardexiydcives and the metal
4- et hyl enecycl ohex- 4-ene-1, 2- di carboxylic,

bi cycl o] 2. 2.
x-met hyl bi cy
ot her grafti
derivatives

butyl methacr

Ephgpt -(5uehe-az, 3hdi @drkdedXyImeralarmklts) of the

clo[ 2. 2. 1] hept - 5-ene- 2, 2-di carboxyl i c anhydri des. Exanpl es of

RE SIS HEREE oc eapbiosy 1 120 aCE-AG8 al kyl esters or glycidyl ester
of unsaturated carboxylic acids, such as nethyl acrylate,
met hyl met hacryl ate, etURpatagaest €icamppxy lnet leddd dtae/irbutdItacryl at e,
ate,_ glycidyl nethacrylate, nonoethyl

gl yci dyl acr

| at e I
nal eat e, ie@ﬁyFaﬁ?PQa@éP”ﬁoﬁﬁﬁbﬁ%ﬂlqlﬁﬁ%%ﬁ%%”%ﬁrﬁﬁ4ﬁﬂat#Wﬁ%wate,
nmononet hyl itaconate and diethyl itacaonate; the am de derjvatives of
BOSYIAC e e -1 A7

unsat ur at ed
mal ei ¢ nopnoa
di et hyl am de

10

15

20

25

LAFhIEE tacitde ! ralA AR, St Hatr yl ani de,

gkg%brrg%k%#ngLanide, mal ei ¢ N-nmonoet hyl ami de, maleic N, N

Snobuty 'amcde, mal ei c N, N-

These grafting monomers comprise, for

Cmal éi c

example, maleic, fumaric, itaconic, citraconic,
allylsuccinic, cyclohex-4-ene-1,2-dicarboxylic,
4-methylcyclohex-4-ene-1,2-dicarboxylic, bicyclo[2.2.1-
hept-5-ene-2, 3-dicarboxylic and x-methylbicyclo-
[2.2.1-hept-5-ene-2,3~-dicarboxylic acids and maleic,
itaconic, citraconic, allylsuccinic, cyclohex-4-ene-
1,2-dicarboxylic, 4-methylenecyclohex-4-ene-1,2-
dicarboxylic, bicyclo[2.2.1]lhept-5-ene-2,3-dicarboxylic
and x-methylbicyclo[2.2.1]hept-5-ene-2,2-dicarboxylic
anhydrides.

Examples of other grafting monomer comprise
C1-Cg alkyl esters or glycidyl ester derivatives of
unsaturated carboxylic acids, such as methyl acrylate,
methyl methacrylate, ethyl acrylate, ethyl
methacrylate, butyl acrylate, butyl methacrylate,
glycidyl acrylate, glycidyl methacrylate, monoethyl
maleate, diethyl maleate, monomethyl fumarate, dimethyl
fumarate, monomethyl itaconate and diethyl itaconate;

the amide derivatives of unsaturated carboxylic acids,

25



di butyl am de, fumaric nonoam de, fumaric diamde, 5 fumaric

N- monoet hyl am de, fumaric N, N-di et hyl am de, fumaric N-nonobutyl am de and
fumaric N, N-di butylami de; the imde derivatives of unsaturated carboxylic
acids, such as nmaleimde, N butylnmaleimde and N phenyl naleimde; and
netal salts of unsaturated carboxylic 1@ acids, such as sodium acryl ate,
sodi um net hacryl ate, potassium acryl ate and potassi um net hacryl ate.

Vari ous known processes can be used to graft a grafting nononer onto the

syndi ot act i ¢ spahy psopylrefiemialet,i aredHayre rodmariidsa ,Ngna1A81i anddrorar{iB)e, 15 For
exanple, this can be carried out by heating it at high tenperature,

appr oxi mat el ypal®AC g amagier, oxiatial W-3@00e tihy tawe dir egenicel N dbsence of a
solvent, with or without a radical initiator. Appropriate solvents which
can be used idiethivd apégieti ov 120 cale ngayprarie L ampldsondia b @b, N-

chl orobenzene, cunene and the like. Appropriate radical initiators which

can be usedENEHISE LA URAM K GRS / © Wiy oxi de,
per ox de Y G 25 GERBIRERY L2 6 (LT PEmesy SO Fenzent
Bi (5. 5 5t 1 BRI OTARGTE erGHRs St THEARE QST RSG5 oxi de.
The, syndi ot agtl.c ;RAlPrRY! 208 ANd AP NAL Y e N AU RN (B)x e, be dry or
such as maleimide, N-butylmaleimide and N-phenyl-
maleimide; and metal salts of unsaturated carboxylic
10 acids, such as sodium acrylate, sodium methacrylate,
potassium acrylate and potassium methacrylate.
Various known processes can be used to graft
a grafting monomer onto the syndiotactic polypropylene
optionally comprising (A) and/or (B).
15 For example, this can be carried out by
heating it at high temperature, approximately 150°C to
approximately 300°C, in the presence or absence of a
solvent, with or without a radical initiator.
Appropriate solvents which can be used in this reaction
20 are benzene, toluene, xylene, chlorobenzene, cumene and
the like. Appropriate radical initiators which can be
used comprise t-butyl hydroperoxide, cumene
hydroperokide, diisopropylbenzene hydroperoxide,
di (t-butyl) peroxide, t-butyl cumyl peroxide, dicumyl
25 peroxide, 1,3-bis(t-butylperoxyisopropyl)benzene,

acetyl peroxide, benzoyl peroxide, isobutyryl peroxide,



5 then be grafted in the nolten state or in solution in a solvent. They
can al so be added separately to a device for bringing into contact and

bl endi ng (for exanple, an extruder), together with the grafting nononer
and the radical initiator. Use may be nmade of the usual m xing 10 and

bl endi ng devices of the thernoplastics idustry. The amount of grafting
nononmer can be appropriately chosen but it is preferably fromO0.01 to

10% better still fromO0.1 to 5% wth respect to the weight of the
grafted pol ydriopid €ne - optnearta 1hyeddhcohprpst ogidd) amhdiothyB)etAhe anount
of grafted nononer is determ ned by quantitatively determ ning the

succi ni ¢ fundtdtoms rgwupsicy FTIR spectroscopy. The invention also rel ates
to a coextrusion tie conposed: 20 either (1), according to a first form
of grafted syndi ot act i’ ot ¥ptiopia @nec thehyoptp vhare yandi ¢pebana hlyt | east
one polyolefin (A) or in at |east one polyner wth an el astoneric nature
(D) or ina ey dd) &l (19,996 oF (§1Y ,PrriRbyHed 24 ac3@cond form

of S ared isgtactc bl upronylene Gl uted n g Bact S 1 L e
rature (0 SR OE LT Sh AT A0 Leebiee LB 2LS S0TDEEC
which is for bringing into contact and blending (for example, an
| extruder), together with the grafting monomer and the
radical initiator. Use may be made of the usual mixing

10 and blending devices of the thermoplastics industry.

The amount of grafting monomer can be
appropriately chosen but it is preferably from 0.01 to
10%, better still from 0.1 to 5%, with respect to the
weight of the grafted poliypropylene, optionally

15 comprising (A) and/or (B). The amount of grafted
monomer 1is determined by quantitatively determining the
succinic functional groups by FTIR spectroscopy.

The invention also relates to a coextrusion
tie composed:

20 either (1), according to a first form, of
grafted syndiotactic polypropylene then optionally
diluted in at least one polyolefin (Cl) or in at least
one polymer with an elastomeric nature (D) or in a
blend of (Cl) and (D),

25 or (ii), according to a second form, of

grafted isotactic polypropylene diluted in syndiotactic



optionally diluted in at |east one polyolefin (C) or in at |east one
polymer with an elastoneric nature (D) or in a blend of () and (D). The
pol yolefin (d) can be chosen fromthe 10 polyners (A), (B) and the

syndi otactic pol ypropylene. (D) is a polymer with an el astoneric nature,
that is to say that it can be an (i) ella&stonmer within the neaning of ASTM
D412, that is to say a material which can be drawn at anbient tenperature
totwo tinmes its width, 15 can be held thus for 5 m nutes and then, when it
is releasedpdliypmipyiend arnd ostiartangy | engith, Léaswi ¢ie npolessrt han about
10% or (ii) a polynmer which does not have exactly these above

charact eri st iwiscthian whiast @earidbaalramsh Ehd. can return substantially to its
starting 20 length. The MFI of (D) is_advantageously between 0.1 and 50.
Mention may be made, adexggArdoithp|first £, Wie DEe -iEpR

(et hyl ene/ pr ot%yl ene rubber) polyners and EPDM (et hyl ene/ propyl ene/ di ene)
pol yners; 17 TMeISAGQFAS AR DIRGI ) DA et dl s ekt e@tsfysis and with a

donsi 13)+ % Pao{omy ier s vt P s e TETYF e DULHeh ot 1 ubber)

el astoners, optionally diluted in at least one polyolefin (Cl) or

in at least one polymer with an elastomeric nature (D)

or in a blend of (Cl) and (D).

The polyolefin (Cl) can be chosen from the

10 polymers (A), (B) and the syndiotactic polypropylene.
(D) is a polymer with an elastomeric nature, that is to
say that it can be an (i) elastomer within the meaning
of ASTM D412, that is to say a material which can be
drawn at ambient temperature to two times its width,

15 can be held thus for 5 minutes and then, when it is
released, it returns to its starting length, to within
less than about 10%, or (ii) a polymer which does not

have exactly these above characteristics but which can

be drawn and can return substantially to its starting

20 length.
The MFI of (D) is advantageously between 0.1
and 50.
Mention may be made, as example of polymers
(D), of:
25 - EPR (ethylene/propylene rubber) polymers

and EPDM (ethylene/propylene/diene) polymers;



styrene/ but adi ene/ styrene (SBS) bl ock copol yners,

styrene/ et hyl ene/ but ene/ styrene (SEBS) bl ock copol yners and

styrene/i soprene/styrene (SI'S) bl ock copol yners; 10 - copol yners of

et hyl ene and of at |east one ester of unsaturated carboxylic acid (already
defined in (A) ; - copolyners of ethyligne and of at |east one vinyl
ester of saturated carboxylic acid (already 15 defined in (A)). The anount
of - (Cl) or (D) or (Cl) + (D is advantageously from20 to 1 000 and

preferably 60 to 500 pamis vidnh wieingtd Jobperi nEX payr tnee tof 1 Jgyadrieed
syndi otacti c pol ypropyl ene. Advant ageously, (Cl) and 20 (D) are used The

preferred propoetliyens ang sudch tshatens(iBy (Fl)ldss betamedn DGy dn’and nor e

particularly between 0 and 0.5. As regards the second form the grafted

I sotactic pol ypropyl ene ipo Lvertbfvdenese fad/ Lkt itorred (25 vablove by grafting

a blend conprisin at | east (Bl) and optionally at |east one polymer chosen

from (A), (B2EFnsiad)(B3). Advant ageously, the proportion of (Bl) is at 18

| east 50 and preferably 70% by wei ght of the blend to be grafted. This

grafted isotactic pr opyl &y LR e ﬁéﬁSt&W%%d SUFhsyARdiSRRacti ¢ propyl ene and
wi.th _an el astoneric nature (D). The 5

t |1 |
8& ;/?rgﬁl (>IZI))I Rég Egé’ﬁa/gaélft%ﬁg&%%oy rbe'FHe S AMtS 'syndi ot act i ¢

p0|ypr0py|en%t%@%ne/butadlene/styrene (SBS) block copolymers,

styrene/ethylene/butene/styrene (SEBS) block copolymers
and styrene/isoprene/styrene (SIS) block copolymers;
10 - copolymers of ethylene and of at least one
ester of unsaturated carboxylic acid (already defined
in (A)):
- copolymers of ethylene and of at least one
vinyl ester of saturated carboxylic acid (already
15 defined in (A)).
The amount of (Cl) or (D) or (Cl) + (D) 1is
advantageously from 20 to 1 000 and preferably 60 to
500 parts (by weight) per 10 parts of grafted
syndiotactic polypropylene. Advantageously, (Cl) and
20 (D) are used. The preferred proportions are such that
(D)/(Cl) is between 0 and 1 and more particularly
between 0 and 0.5.
As regards the second form, the grafted
isotactic polypropylene is manufactured as mentioned
25 above by grafting a blend comprising at least (Bl) and
optionally at least one polymer chosen from (A), (B2)

and (B3). Advantageously, the proportion of (Bl) is at



optionally of (D) can be from20 to 1 000 and preferably 60 to 500 parts

(by wei ght)

per 10 parts of grafted isotactic polypropylene. Use is

advant ageously 10 made of syndi otactic pol ypropylene and (D). The
ptreferred proportions are such that the ratio of the anount of (D)

syndi otactic pol ypropylene is

between @8and 1 and nore particularly

to the

between 0 and 0.5. 15 The tie of the invention can be manufactured by the
for thernoplastics by nelt blending the various constituents

usual neans

in Buss tw nigesewsS@xthddereferaoier §0&¢ yolle iniHd ©f e thleref dde

invention can al so conprise 20 various additives, such as antioxidants,
babgorlices!,. dhtliss gatift eagerstos,a qriigmentopy ldyes i nudiegat i ng

ul travi ol et
agents, fill

ers, slip agents, lubricants, flane retardants and

ant i bl ocki ngdagenes. 1As syegardecithe myomiyleyer and wettuicsnadfly Her &5 present
t is conposed of the layer conprising the above tie and of a

i nvention, i

| ayer of oxygEAStcORPr PSIlagear WAitty cFe

i norgani c _oxi de deposited on a polyner, such as PE, PET or EVCOH or
IVW#@Q%“&%%

| ayer. ExanpPesYBEIpdPar Nedsipss

&fiifg NedIvEre rési-n e of an 19

a net al

3&erred in the |ayer other

than the tie are polya%hde resins, a b5 saponifiedafyg¥gg§Téég £$Pylene

and of vinyl

10

15

20

25

acet at e,

ﬁdaﬂ8P§§sPér§ynletaCtlc o)
optionally of (D) can be from 20 to 1 000 and

preferably 60 to 500 parts (by weight) per 10 parts of
grafted isotactic polypropylene. Use 1is advantageously
made of syndiotactic polypropylene and (D). The
preferred proportions are such that the ratio of the
amount of (D) to the syndiotactic polypropylene is
between 0 and 1 and more particularly between 0 and
0.5.

The tie of the invention can be manufactured
by the usual means for thermoplastics by melt blending
the various constituents in Buss twin-screw extruders,
mixers or roll mills.

The tie of the invention can also comprise
various additives, such as antioxidants, ultraviolet
absorbers, antistatic agents, pigments, dyes,
nucleating agents, fillers, slip agents, lubricants,
flame retardants and antiblocking agents.

As regards the multilayer structure of the
present invention, it is composed of the layer
comprising the above tie and of a layer of oxygen-

comprising or nitrogen-comprising polar resin or of an



More specifically, they conprise synthetic |ong-chain polyam des having
structural units of the amde group in the main chain, such as PA-6,
PA-6,6, 10 PA-6,10, PA-1-1 and PA-12; a saponified copolyner of ethylene
and of vinyl acetate having a degree of saponification of approximtely 90
nmol % to 100 nol % obtai ned by saponifyilrsg an et hyl ene/vi nyl acetate

copol yner having an ethyl ene content from approximately 15 15 nol % to
approximately 60 nol % pol yesters, such as poly(ethylene terephthal ate),
pol y(but yl enénotrejaepilt lvediatee degro sudled etrhyd grel ymapht lenat s Bod PRIF ends of
these resins. The layer of inorganic oxide can, for 20 exanple, be silica,
it is deposi toedE§PHa drayemedfalPRayeRET or EVOH. The structure of the
invention therefore conprises, respectively: a tie layer, an SiQ2 (or

Si Ox) layer and eitheExRRrGesPRE @0 lRvOH eSS mdtiah |asferr e r fof

exanpl e, be a sheet, 25 a filmor a sheet of a netal, such as al um nium
iron, copper! {ihg dRyedi SkARr dhadn t19 dyt & AiSiRf npde egtinone of
these netals as main constituent. The thickness 20 of the filmor of the
sheet can “be SERFABIP LGRS YARE 9t STy de SimAte,V iMom aGifradhd mat el y
0.01 to approximately 0.2 mm It is conmon practice to degrease the
surface of tREECAYSSEFeS before lanminating the 5 tie of the invention

t hereon. This | ayer car[},joe}les%p%eciaficrgeltlaylll (%%Ieaystcio%lplraiyseer ,Sysnucchhetalsd for
exanpl e, a sheet of
long-chain polyamides having structural units of the
amide group in the main chain, such as PA-6, PA-6,6,

10 PA-6,10, PA-11 and PA-12; a saponified copolymer of
ethylene and of vinyl acetate having a degree of
saponification of approximately 90 mol% to 100 mol$%,
obtained by saponifying an ethylene/vinyl acetate
copolymer having an ethylene content from approximately

15 15 mol% to approximately 60 mol%; polyesters, such as
poly(ethylene terephthalate), poly{butylene
terephthalate) or poly(ethylene naphthenate); and
blends of these resins.

The layer of inorganic oxide can, for

20 example, be silica, it is deposited on a layer of PE,
PET or EVOH. The structure of the invention therefore
comprises, respectively: a tie layer, an Si0; (or SiOy)
layer and either PE or PET or EVOH.

The metal layer can, for example, be a sheet,

25 a film or a sheet of a metal, such as aluminium, iron,
copper, tin and nickel, or an alloy containing at least

one of these metals as main constituent. The thickness



al um ni zed PET. It would not be departing fromthe scope of the invention
if the preceding structure were conbined 10 with other |ayers. The
invention also relates to the preceding structure conbined on the side of
the tie with a polyolefin-based |layer (F). The polyolefin (F) can be
chosen fromthe polynmers (A) and (B) ab@we. 15 These structures are of use
in preparing packagings, for exanple rigid hollow bodies, such as bottles
or jars, flexible bags or nultilayer films. The ties of the invention are
of use for the thel [fAMim@ stafuatiyg eheed0 R thee/ EMAHB 1 e/ RoHE denot es

pol yethylene) PE/tie/EVOH PE/tie/PA PP/tie/PA PP/tie/EVOHtiel PP (PP
denot es 25 paltyprsopycenexamill e, Thesen stppuctsuimest eand @ HeElsecpackagi ngs can be
manuf act ured by coextrusion, |am nation, extrusion-blow noulding and
coating. [Examplresiimas efhe F.¢1 Imowi ig proodustesowares alsiate t@RRRgSyawk ot acti ¢
pol ypropyl ene. PP 3060 MN 5: Isotactic copolynmer conprising

propyl ene/ et yifefel lacEk L tnittte Aedersitgyer before laminating the

5 tie of the invention thereon. This layer can also be a
metalloplastic layer, such as, for example, a sheet of
aluminized PET.

It would not be departing from the scope of
the invention if the preceding structure were combined

10 with other layers.

The invention also relates to the preceding
structure combined on the side of the tie with a
polyolefin-based layer (F). The polyolefin (F) can be
chosen from the polymers (A) and (B) above.

15 These structures are of use in preparing
packagings, for example rigid hollow bodies, such as
bottles or jars, flexible bags or multilayer films.

The ties of the invention are of use for the
following structures.

20 PE/tie/EVOH/tie/PE (PE denotes polyethylene)

PE/tie/EVOH

PE/tie/PA

'PP/tie/PA

PP/tie/EVOH/tie/PP (PP denotes

25 polypropylene).



= 0.902 g/cnB and with an MFI =6 10 (230C/ 2.16 kg). PP 3050 MNL: |sotactic
pol ypropyl ene honopol yner with a density of 0.905 g/cn8 and an MFI of 5
(230C/ 2.16 kg). PP 3020 GN3: Random pol ypropyl ene copolynmer with a 15
density of 0.900 g/cnB and with an MWI (nelt volune index) of 2 cnB/10 mn
(230C/ 2.16 kg). MAH Mal ei ¢ anhydride. BRC. Pol ypropylene grafted with

mal ei ¢ 20 anhydride conprising 0.1%of MAH, with an MFI of 2 g/10 mn
(190C/ 2. 16 kg). PPAM2: Pol ypropyl ene grafted with nal ei c anhydri de
conprising 2.5% of MAHThwisteh stamdiflresf add g/hESempadKENCER5ay) .be 25 The
products are grafted with maleic anhydride. They are manufactured in a
corotati ng twanufactaweexryudere xgfr usdiost,r iitazmingid.crR?2 exXthe: sexdrr-tderw
conprises 8 regions nunbered Z1 to Z8, Z8 is situated at the end of the
extruder whefeuldhiaggratt e@agridducts exit. The processing is carried out
at the usual tenperatures. 5 _The mal ei ¢ anhydri de, on pol yethyl ene powder,
and the pol ypropyl ene t{&EX58PgeEslt ed are introduced into the region Z1 via

two separate wei ght nmetering._devices. The radical initiator, pure or
dil uted i% an The following products were used:

sPP: Syndiotactic polypropylene.

PP 3060 MN 5: Isotactic copolymer comprising
propylene/ethylene blocks with a density
= 0.902 g/cm’® and with an MFI=6

10 (230°C/2.16 kg).

PP 3050 MN1: Isotactic polypropylene homopolymer with
a density of 0.905 g/cm’ and an MFI of 5
(230°C/2.16 kqg).

PP 3020 GN3: Random polypropylene copolymer with a

15 density of 0.900 g/cm® and with an MVI
(melt volume index) of 2 cm’/10 min

(230°C/2.16 kg).

MAH: Maleic anhydride.
PPC: Polypropylene grafted with maleic
20 anhydride comprising 0.1% of MAH, with

an MFI of 2 g/10 min (190°C/2.16 kg).
PPAM2 : Polypropylene grafted with maleic
anhydride comprising 2.5% of MAH, with
an MFI of 40 g/10 min (190°C/325 q).
25 The products are grafted with maleic
anhydride. They are manufactured in a corotating twin-

screw extruder of Leistritz type.



appropriate solvent, is introduced via a netering punp 10 into the region
Z2. The tenperatures in the regions Z3, Z4 and Z5 are at |east sufficient
for 99.9% of the radical initiator to react before the region Z6. The
knitiator used is 2,5-dinmethyl-2,5-(di-tert- butyl)hexane (Luperox 10)
(DHBP). The residues fromthe 15 radicabk2initiator, the solvent and the
unreacted nmaleic anhydride are degassed under vacuumin the region Z6.
The throughput for extrusion at the outlet of the region Z8 varies,
according to the screwrhat extirnpesedompetiwean 812 egridnkS rkgiderethe 1l ace i s

- granul ated 20 after cooling. The results of the grafting are collated in
Tabl e 1. Thet% ¢&l ué8 imdscatiedeflortMiHearddt log tihei tixdtrordear evhdixteh r espect
to the polypropylene. It is found that, for the isotactic 25 pol ypropyl ene,
the MFI chan§Bs Biremted2rredscysoexi@..6 Thecpordiesging tise qurope i on of
DHBP added, i.e. an _increase by a factor of 30 or 50. By conparison, for
23 the sane®PFopbr th6n¥syplDEHBPPEdaEdreShe MFI of the syndiotactic

pol ypr opyl.ene changes only fromO0.7 to 6.6 or 14.3, i.e. an increase by a
factor of °10 or 20. Cagget@éﬁﬁ&Fo@?h%€§19ﬁenOﬁsgﬁlﬂﬁtﬁﬁ&&@€e99WQ?%nructure

conprising 5_layers: PP/tie/EYOHd tie/ PP, in which PP .denotes the
(i sotactic) BBsygESp?PEHQ?oﬁgyﬁnFegﬁegFiQéaﬁﬁﬁgkﬁ§§sé§ roglugpd into
20/10/10/10/§Re Eggiggsght§i%r%w%i%%%grgge weight metering devices.
The radical initiator, pure or diluted in an
appropriate solvent, is introduced via a metering pump
10 into the region Z2. The temperatures in the regions Z3,
Z4 and Z5 are at least sufficient for 99.9% of the
radical initiator to react before the region Z6. The
initiator used is 2,5-dimethyl-2,5-(di-tert-
butyl)hexane (Luperox 10) (DHBP). The residues from the
15 radical initiator, the solvent and the unreacted maleic
anhydride are degassed under vacuum in the region Z6.
The throughput for extrusion at the outlet of
the region 28 varies, according to the screw rate
imposed, between 12 and 15 kg/h. The lace is granulated
20 after cooling.
The results of the grafting are collated in
Table 1. The % values indicated for MAH and the
initiator are with respect to the polypropylene.
It is found that, for the isotactic
25 polypropylene, the MFI changes from 0.2 to 5.9 or 10.6
according to the proportion of DHBP added, i.e. an

increase by a factor of 30 or 50. By comparison, for



Tabl e 2 bel ow. The peel strength between the PP and the 10 tie on the thin
side (PP 20 pnmitie 10 pn) was neasured. The strength is expressed in N 15

mnmat a drawing rate of 200 mimin at to, that is to say inmediately after
the structure has been prepared. 1-1 o MI~-NOI-, O-1 NOOI I I 61

Lh NNMNNOQ rl ri '"H U.x1I-1 O23% (YO0I01J (a.0(allb[=0

~0l QO" OO C CbO0)r)rort NNNa EE UslI--0wW61 C OOrl

QA (NCQuOLI) mNOCD, DU r-1 M_Ocrl vcc 410w 00LOQ MUM
r v OO O (DtHe Qanle lpr&odtions 'of DHBP added, the MFI of the

syndiotactic polypropylene changes only from 0.7 to 6.6
or 14.3, i.e. an increase by a factor of 10 or 20.
Cast technology was then used to produce a
5 structure comprising 5 layers:
PP/tie/EVOH/tie/PP, in which PP denotes the
(isotactic) polypropylene, with respective thicknesses
‘in pm: 20/10/10/10/50. The results are listed in
Table 2 below. The peel strength between the PP and the
10 tie on the thin side (PP 20 pm/tie 10 pm) was measured.
The strength is expressed in N/15 mm at a drawing rate
of 200 mm/min at t0, that is to say immediately after

the structure has been prepared.
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tOs by weight NV15 mm standard deviation PPC 5.4 0.1 96%
4% PPAM2 94% sPP 6.1 0.4 25
Table 2
Tie Peel strength at tO S
% by weight N/15 mm standard
deviation
PPC 5.4 0.1
96% sPP 5.2 0.7
4% PPAM2
94% sPP 6.1 0.4
6% PPAM2
96%PP 3020GN3 5.8 0.6
4% PPAM2
94% PP 3020GN3 5.6 0.3
6% PPAM2




6% PPAMR 96%PP 3020GN3 5.8 0.6 4% PPAM2 94% PP 3020GN3 5.6 0.3 6% PPAMR
WO 01/98386 26 PCT/ FROL/ 01859 CLAIMS 1. Syndiotactic pol ypropylene to

whi ch has been grafted a functional nononer. 2. G afted pol ypropyl ene
according to 5 Caiml, in which the syndiotactic pol ypropylene to be
grafted conpmWios®d /&838%ast one pol yner 2hosen from (A) PCTAEROWLI/03859

pol yet hyl ene or a copol yner of ethylene, and (B), itself chosen from (Bl)
l.sotactic pol ypropyl ene honopol ynmer or copol ynmer, (B2) poly(l-butene)
honmo- or 10 copol yner and (B3) pol yst @graadshono- or copol ynmer. 3.

Pol ypr opyl ene according to either one of the preceding clains, in which
the functional nononer 1.i s Myineiio tamiyidr ipde.ypkopGoexter usi orhitdle foomposed of
grafted 15 syndiotactic pol ypropyl ene according to any one of Clains 1 to
3 which is t Régnogiriadrald y diunatd@nad aondmeast one polyolefin (A) or in
at | east one polymer wth an elastoneric nature (D) or in a blend of (d)
and (D). 20 S. Tie accérdi n§red tehinplyPHap Wifineh ade rEmsurito of (d) or

+ [ dvant I f 20 to 1 000 and preferably 60 to
gg% g;rgggzbg?éikflé %%nw %%%U%H% s;ggyotacéac polyS?%pJ%éne to 8%

grafted comprises at least one polymer chosen from (A),
denoting a polyethylene or a copolymer of ethylene, and
(B), itself chosen from (Bl) isotactic polypropylene
homopolymer or copolymer, (B2) poly(l-butene) homo- or

10 copolymer and (B3) polystyrene homo- or copolymer.

3. Polypropylene according to either one of
the preceding claims, in which the functional monomer
is maleic anhydride.

4. Coextrusion tie composed of grafted

15 syndiotactic polypropylene according to any one of
Claims 1 to 3 which is then optionally diluted in at
least one polyolefin (Cl) or in at least one polymer
with an elastomeric nature (D) or in a blend of (C1l)
and (D).

20 5. Tie according to Claim 4, in which the
amount of (Cl) or (D) or (Cl)+(D) is advantageously
from 20 to 1 000 and preferably 60 to 500 parts (by
weight) pér 10 parts of grafted syndictactic
polypropylene.

25 0. Tie according to Claim 4 or 5, in which

the proportions of (Cl) and (D) are such that (D)/(C1l)



wei ght) per 10 .parts of grafted syndiotactic polypropylene. 25 6. Tie
according to Caim4 or 5 in which the proportions of (C) and (D) are
such that (D)/(Cl) 27 is between 0 and 1 and nore particularly between 0
and 0.5 7. Coextrusion tie conposed of grafted isotactic polypropyl ene
diluted in syndiotactic 5 pol ypropyl ene2and optionally in at |east one
polynmer with an elastoneric nature (D). 8. Tie according to daim?7, in
which the anount of syndiotactic pol ypropylene and optionally of (D) is
from20 to 1iG0Geancepr éf @mablly 6 o rE0@paaricil | bewadght) Hed 10
parts of grafted isotactic polypropylene. 9. Tie according to daim?7 or
8, in which Oratio of the anbunt of (D) to the syndiotactic polypropyl ene
is between 0 and 1 and nore particularly 15 between 0 and O S. 10.

Mul tilayer structure cdrrpri Soeget rusd draygre commdssichgfa adaftetording to
any one of Clainms 4 to 9; - and, directly attached to this layer, a 20

| ayer of nltrléﬁéﬁ%ﬁpﬂoéyﬁéoﬁylﬁgﬁgmllﬁ iy P8l dractiesin, such as a
layer (E).of a polryam de resin, of a _saponified copolynmer of ethylene and

of " vi nyl cetsztlé’ OB L& N0 1Ak é’rtlroé?ilr”o@@f arf aSTorgihiRe biligte

with an elastomeric nature (D).

8. Tie according to Claim 7, in which the
amount of syndiotactic polypropylene and optionally of
(D) is from 20 to 1 000 and preferably 60 to 500 parts

10 (by weight) per 10 parts of grafted isotactic
polypropylene.

9. Tie according to Claim 7 or 8, in which
ratio of the amount of (D) to the syndiotactic
polypropylene is between 0 and 1 and more particularly

15 between 0 and 0.5.

10. Multilayer structure comprising:

- a layer comprising a tie according to any
one of Claims 4 to 9;

- and, directly attached to this layer, a

20 layer of nitrogen-comprising or oxygen-comprising polar
resin, such as a layer (E) of a polyamide resin, of a
saponified copolymer of ethylene and of vinyl acetate,
of a polyester resin, or of an inorganic oxide
deposited on a polymer, such as polyethylene,

25 poly(ethylene terephthalate) or EVOH, or else a metal

or metalloplastic layer.



deposited on a polyner, such as pol yethyl ene, 25 poly(ethylene
terephthal ate) or EVOH, or else a netal or netalloplastic |ayer. 28 11.
Structure according to Caim 10, conprising a polyol efin-based | ayer (F)
directly attached to the tie |ayer.

28

e

11. Structure according to Claim 10,
comprising a polyolefin-based layer (F) directly

attached to the tie layer.



