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Abstract

The present invention relates to a masterbatch composition which contains a
polyolefin base resin, polymethylmethacrylate (PMMA) pearls and a further poly-

5 meric compound obtained at least from olefinic monomers, olefinic monomers
containing an ester functionality and olefinic monomers containing an ether func-
tionality, as well as to the masterbatches obtained from this composition. The pre-
sent invention is further directed to monolayer as well as multilayer films which are
made using the inventive masterbatches, their methods of production and the use

10 Of said films for packaging purposes.
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Masterbatch containing adhesive PMMA and

its use for the production of polyolefin films

The present invention is directed to a masterbatch composition containing

polymet‘hylmlethacrylate (PMMA) pearls with improved adhesion and the corre-
sponding masterbatch obtained thereof which, when used for the production of
mono- or multilayer polyolefin films, leads to polyolefin films with improved integrity

and stability properties.

In the development of packaging materials, especially for transparent packaging,
Mono- or multilayer polyolefin films have gained more and more importance be-
cause they are high in gloss, scratch-proof and durably transparent. Depending on
the use thesé mono- or multilayer polyolefin films may be further metallized on
their exterior layer, like for example metallized bi-oriented polypropylene (BOPP)
films which are used in the packaging of for instance potatochips because of their
barrier properties. Therefore, multilayer polyolefin films represent an interesting

alternative for cellophane as packaging material.

However, these mono- or multilayer polyolefin films may cause problems when
being used in high-speed packaging and/or processing machines because of their
high film-to-film and film-to-metal coefficient of friction. This high coefficient of fric-
tion causes the films to adhere to each other and to develop a tenden'cy of be-

coming sticky when surface pressure is applied.

To prevent these disadvantageous effects it is known from the state of the art to
use films in which antiblocking agents are incorporated. |n this respect different
tendencies can be observed. On the one hand anorganic antiblocking agents like

silica, talc, calcium carbonate and silicates were used. However, the use of such

antiblocking agents leads to a deterioration in optical properties of the obtained
films and, additionally, because of an insufficient binding of said antiblocking
agents to the polyalkylene matrix, to an extraction of those particles when slitting
the film, causing their distribution over the film and the processing machine.
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To overcome these problems US 5,969,007 describes the use of low density or
high density polypropylene or polyethylene grafted with'_ maleic anhydride or an
ethylene-acrylic acid—copolymer as a surface-modifying reagent which is supposed
to function as an adhesive promoter between the polyalkylene matrix and the sili-
cate anti-blocking particles when producing masterbatches thereof.

To further improve the optical properties of the polyolefin films on the other hand
there has been a tendency to use organic or at least organic moieties containing
slip agents, like polydialkylsiloxane or fatty amides. However, those slip agents
exhibit migratory properties which as well deteriorates the optical properties. Thus,
WO 03/004269 presents the use of polymethylmethacrylate (PMMA) pearls in the

exterior layer, which do not migrate.

Since such films still show disadvantages with regard to friction, transparency and
gloss US 5,077,129 discloses the use of a copolymer or mixtures of polymerized

isobutyl methacrylate and methyl ethyl methacrylate.

- However, because of a lack of binding within the polymeric matrix material even

the combination of these two methacrylate compounds leads to the above already
mentioned problem known in the industry as "scuffing” which is the extraction of

the particles out of the polymer surface under high shear developed for instance

during mono-orientation of said films or during packaging processes on high speed

25

30

packaging lines.

The present invention therefore seeks to provide a masterbatch composition con-
taining polyolefins and PMMA pearis which when formed into masterbatches re-
sults in PMMA pearls adhered to the polyolefin matrix. One further object is to pro-
vide mono- or multilayer polyolefin films made using said masterbatches, in which

the above "scuffing” effect is diminshed.

The first problem is solved by a masterbatch composition which containsa
polyolefin base resin, PMMA pearis and a further polymeric compound which is
obtained at least from olefinic monomers, olefinic monomers containing an ester
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functionality and olefinic monomers containing an ether functionality and using said

masterbatch composition for the production of masterbatches.

Within the scope of the Invention, masterbatch is under'stood_to bDe a base mixture,
particularly a granulate, dust-free composition at least of the components
described above, namely a polyolefin base resin, PMMA pearis and a further
polymerie Componnd called hereinafter "GMA". Preferably the GMA terpoylmer is a
terpolymer of ethylene,-. methylacrylate and glycidylmethacrylate. It is obtained from
ATOFINA, France and sold under the name of LOTADER® AX 8900. This
terpoly'mer; has a methacrylate content of 24 wt-% and a glycidylmethacrylate
eontent of 8 wt-%. Suc-‘h a masterbatch is used in the production of plain mono-
layer or multi-layer polyolefin films together with a polyolefin base resin and is

extruded with the same into films.

In this composition the further polymeric compound is supposed to function as an
adhesive promoter between the polyolefin base resin and the PMMA pearls.
Without being bound to this theory it is assumed that the further polymeric
compound reacts in some way with the surface of the PMMA pearls which

improves the adherence between the PMMA pearls and the polyolefin base resin.

The polymeric base resin according fo the present invention may be either a
homopolymer, a copolymer or a terpelymer.. ESpeciaIIy polyolefin base resins
obtained from ethylene and/or propylene monomers. have been found as very
useful. As for the -p'olyol_efin base resin, it may be chosen from polypropylene (PP),
low density polyethylene (LOPE), linear low density polyethylene (LLDPE),
metallocene linear low density polyethylene (mLLDPE) or high density po'lyethylene
(HDPE). In further embodiments the polyolefin base resin rep'resents_ a random '
ethylene, propytene copolymer polyp_repyle'ne, a random ethylene, butylene,
propylene terpolymer-polyprOpy'lene or mixtures of one ere more of said homo-, co-

or terpolymers.

The PMMA used as anti-blocking agent in the present application is preferably

crosslinked. The PMMA anti-blocking agent may be contained in the masterbatch



10

15

20

25

30

CA 02476639 2008-11-28

4

composition in an amount of from 1 to 40 weight%, preferably 1 to 10 weight%,
most preferred 5 weight% of the total masterbatch composition. .

$In an especially adVahtageous embodiment the PMMA is present in form of pearls
which have an average particle size of 1 to 20 um, preferably 4 to 10 um. The
PMMA particles which are usetul in the present apphlication. can be exemplified by

the ones sold under the name of Epostar® MA 1004, obtainable from Nippon
Shokubai. |

The-olefinic monomer used in the present application as main compohent in the
further polymeric compound preferably is "GMA". It may be present in the

terpolymer composition in an amount of from 45 to 98 wt-%

The olefinic monomer containing an ester functionality may be repfe'sented by an

acrylic ester of the general formula

0
I
CH;=CR'—C—O—R’ (T

wherein R' may be H or CH; and R? cah be selected from methyl, ethyl, n-butyl, |-

| butyl, t-butyl group. Preferably R' is H and R? is methy! group. The amount of the

compound according to general formuia (1) can vary from 1 to 35 wt-%, preferably
20 to 30 wt-% and most preferred 24 wt-%. |

In the ether functionality containing olefin monomer according to the present
application the ether functionality may be represented by an epoxide functionaliti/.
In a preferred embodiment said ether functionality cohtaining, olefinic monomer
additionally contains an ester functionality which preferably terminates the olefinic .’
ether containing monomer, which means it has the greatest distance to the olefinic

moiety.

Preferred olefinic monomers containing an ether as well as an ester functionality

can be exemplified_ by an glycidyl acrylate COmpo"u,nd of the general formula
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CHy=C—C—0—CHy,~-CH—CH, (IT

Co)

in which R1 may be H or a C4 to Css alkyl group. Preferably R' is CH5. The amount
of the compound according to formula (i) is in the range of from 1 to 20 wt-%,
preferably 2 to 10wt-% and most preferred 8 wt-%.

In an especially advantageous embodiment the further polymeric compound con-
tained in the present inventive masterbatch composition is a terpolymer of an ole-
fin, an olefinic ester and an olefinic ether, wherein the olefinic ether may optionally

contain an additional ester functionality. '

One example of said terpolymer which may be used in the present application is
represented by a terpolymer of ethylene, an acrylic ester and a glycidyl acrylate
compound as defined above. The most preferred terpolymer employed herein has

the general formula

CHs
l
““(CHz“CHz)x“(CHz-?mm(CHz“CHz)y"‘*(CHz""(I:) _
(l:::O ' Cljm O (IT
<.> ?
R CH,-CH—CH;
acrylic ester h ' ( O

glycidyl methacrylate

with R* being selected from methyl, ethyl, n-butyl, i-butyl, t-butyt group, X,y being
an integer selected from 1 to 100, preferably being 10 to 30 and which in the fol-
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lowing is referred to as GMA terpolymer. The preferred GMA terpolymer has the

following composition and properties:

GMA terpolymer
Methyi acrylate ' .20 — 30 wt-%, pref. 24 wt-%
Glycidyl methacrylate 6 — 10 wt-%, pref. 8 wt-%
Melt Index (2.16Kg, ASTM D1238) 4 — 7.5 G/10 min, pref. 6 G/10min
Melting Point (DSC) 45— 75 °C. pref. 60°C
Vicat Softening Point (ASTM D638) <40°C
Tensile Strength at break (ASTM D638) " 650 — 970 psi, pref.810 psi
Elongation at Break (ASTM D638) 720 — 1080 %, pref.900 %
Hardness A (ASTM D2240) ' " 5585, pref 70

pref. = preferably
The further polymeric compound, like for ekample the above GMA terpolymer, may
be contained in the masterbatch composition in an amount of from 5to 30

weight%, preferably from 8 to 12 weight% and most preferred of 10 weight% of

total masterbatch composition.

The above specified masterbatch composition is used for the production of
masterbatches which themselves may be further processed as is known in the art.

for example, for the production of films or other plastic products.

The production of the mésterbatch— using the above described maste'rbatch
composition according to the invention is performed using devices usually
employed for compounding. For Instance there may be mentioned: single screw or

double-screw extruders, Banburry® type mixers, Farrell® contﬁino:u‘s mixers, Buss

Ko kneaders® etc.

In the production of the masterbatch, the polyolefin base resin together with the
PMMA pearls is introduced, i.e., into the above compounding device,'melted and
compounded.The further "GMA" polymeric. compound is added during the com-

pounding process. Subsequently the composition is cooled and granulated. During

compounding the further polymeric compound is supposed to react with the. sur-
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face of the PMMA peatrls, thus enhancing binding between the PMMA (particles)

and the polymeric matrix. This reaction results in an excellent dispersion and ad-
herence of the PMMA particles to the polymeric base resin.

The present invention is further directed to a monolayer film which is made using

‘at least the masterbatch obtained from the above mentioned masterbatch compo-

sition and at least one polydlefin polymer into which the masterbatch composition

has been mixed. Further components like other polyméric base materials which
are known in the art may as well be added depending on the desired properties of
the monolayer film. The masterbatch composition may be contained in the mono-

layer forming composition in an amount of from 1 to 20 weight%, preferably of

from 3 to 8 weight% and more preferred of 5 weight%.

It is preferred that the polyolefin polymer in which the masterbatch is diluted is se-

lected from polyethylene, which may be LDPE, LLDPE, mLLDPE or HDPE, or

polypropylene like homopolymer, a random copolymer polypropylene which pref-
erably is a random ethylene, propylene copolymer polyproylene, or a random ter-
polymer poiypropylene which preferably is a random ethylene, butylene, propylene

copolymer polypropylene or mixtures thereof.

The monolayer films according to the present application optionally may be mono-
or bi-axially stretched which leads to mono- or bi-axially oriénted films. Depending
on the desired properties of the film it is also possible not to stretch the monolay-
ers at all, which results in non-axially oriented films. Orienting of the films may be

achieved by the common methods known In the art.

To obtain additional specific properties further additives which are commonly used
according to the state of the art may be added to the film forming composition
containing the masterbatch according to the present invention and the polyolefin
polymer. These additives include but are not limited to further antiblocking agents‘,
Iubricants,'ant.istatic agents, stabilizers, colorants, antioxidants, antifogs, fillers

etc..
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The above monolayer films may be produced by diluting the above masterbatches
in said polyolefins on blown, cast or bi-orlentated film extrusion lines as well-
known in the industry, forming a film from the dilution and optionally mono- or bi-

axially orienting the obtained monolayer film.

The present invention is further directed to a multilayer film in which at least one of
the layers, preferably the exterior skin Iayér, represents a layer corresponding to
the above described monolayer film which is formed using the inventive master-
batch. In a preferred embodiment the multilayer film represents a co-extruded bi-
orientated PP film which consists of a core layer and one or more exterior layers,
wherein the inventive masterbatches are contained in the exterior layer. It is pre-
ferred that the skin layer of said multilayer film is heatsealable. The skin layer may
as well be metallized as is known in the art. In said muitilayer films it has been
found to be advantageous to use as the polyolefin base resin the copolymer poly-
propylene or the terpolymer polypropylene which are further described above,
namely random ethylene propylene copolymer polypropylene and random ethyl-
ene butylene propylene terpolymer polypropyle'ne, as well as a mixture thereof.
However, any other polymeric base material known in the art may as well be used.

The multilayer films according to the invention are produced using common meth-
ods known in the art. The method is exemplified but not restricted to a procedure
in which the inventive masterbatch is mixed with the polyolefin base resin; the ob-
tained mixture is co-extruded with at ieast one further film base material which
may be identical to or different from the ones used as polyolefin base resin; and a

multilayer polyolefin film is formed from the co-extrusion.

Optionally one or more of the layers may be mono- or bi-oriented. In case one or
more of the layers are oriented the orienting may proceed either separately for
each of the layers which are supposed to be oriented or the multi-layer itself may
be oriented. As an additional option the exterior layer may be metallized by vac-

uum deposition using for example aluminum.



10

15

20

25

- 30

CA 02476639 2008-11-28

9

The mono;layer as well as the multi-layer films produced from the masterbatch
composition or the masterbatches according the present invention,
respectively, are useful for any kind of packaging made by blown or cast film,

BOPP (biaxially oriented PP) or any other film producing process. They may

as well be suitable for film lamination.

In the following the subject matter of the pres-ent invention is exemplified. It IS

not intended to restrict the scope of the invention to these examples.

Examples

Production of the masterbatch

A concentrate is produced on a compounding device as mentioned in the state
of the art like a banburry®-mixer, a twinscrew compounding line like the ZSK's
and/or Buss-Ko-Kneader® supplied by Coperion (Stuttgart, Germany), wherein

the latter is preferred. The following compounds are used.

A random copolymer polypropylene as described above which is a 4 wt-%

ethylene containing polypropylene copolymerfrom BP/AMOCO/SOLVAY sold
under the name ELTEX® KS 407. '

PMMA pearls sold under the name of Epostar® MA 1004, produced by Nippon

Shokubai, which are crosslinked and have a particle size of 4 pm.
The GMA terpoylmer adhesive promoter'is- obtained from ATOFINA, France
and sold under the name of LOTADER® AX 8900. This terpolymer has a

methacrylate content of_2'4‘ wt-% and a glycidylmethacrylate content of 8 wt-%.

The composition of the inventive masterbatch composition CMB_'in comparison

with a comparative masterbatch composition MB is presented in table 1 below.

If not otherwise indicated percentages refer to weight%.
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To demonstrate the advantageous adhesion of the PMMA particles to the polyole-
fin base resin matrix when compounding takes place in the presence of the GMA
terpolymer, the peliets of the obtained masterbatch were cooled down to —-50°C
with liquid nitrogen, broken and subsequently the fracture surface was pictured

s Wwith a Scanning Electron Microscope (SEM) which pictures are shown in Fig. 1
and 2.

" Table 1

MB CMB
random copolymer polypropylene 05 % 85 %
PMMA 5 % 5%
GMA terpolymer adhesion promoter 0 % 10 %

SEM photograph of the fracture surface . Fig. 1 Fig. 2

Fig. 1 shows, that during the breaking process of the cooled comparative master-

10 batch pellets many particles are extracted from the pellets. At the positions on the
fraction surface in which they were placed before remained holes. This demon-
strates that there will be no adhesion between the PMMA particles and the non-
polar polyolefin if no GMA terpolymer adhesion promoter is added.

15 Fig. 2 shows, that by adding 10 wt-% of the GMA terpolymer, which is compatible
with polyolefines, to the masterbatch composition containing the polyolefin base
resin and PMMA pearls, the surface of the broken pellets obtained from said
masterbatch composition is clean and no such holes are observed. This demon-
strates that the addition of the GMA terpolymer to the masterbatch composition

20 results in a firm binding between the PMMA surface and the polymermatrix.

Moreover, a three-layer film is produced using the inventive masterbatch CMB as
well as the comparative masterbatch MB, both as obtained above, each in an
amount of 56 weight% in the skin layer of the film composition with homo PP in the
25 core layer. In each case the masterbatch is diluted in random copolymer polypro-
pylene as defined above, wherein the random copolymer pblypropylene repre-
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sents 95 weight% of the total weight of the skin layer of the film composition. The
resulting films exhibited a thickness of 20 ym Both films were tested on a high-
speed line like for packaging of cigarette packs (400 packs per minute) to compare

the "scuffing” effect defined before.

While on the packaging line using the film obtained from the inventive masterbatch
CMB no powder caused by extraction of PMMA particles from the films could be
observéd, on the packaging line USing the film obtained from the comparative
masterbatch MB several parts of the machine were covered with PMMA powder.
10 This shows as well that the addition of GMA terpolymer results in a binding be-
tween the PMMA particles and the polyolefinic base resin within the inventive
masterbatch, preventing an extraction under high shear. In contrast thereto in the
comparative masterbatch MB no such binding exists which results in the extraction
of PMMA particles and thus a deterioration of the film properties as well as a dis-
15 turbance of the packaging process because of the requirement for cleaning within

shorter time periods.
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CLAIMS:

1. Masterbatch composition comprising a polyolefin  base resin,
- polymethylmethacrylate (PMMA) pearls and a further polymeric compound
named GMA terpolymer obtained at least from olefinic monomers, olefinic
monomers containing an ester functionality and olefinic monomers containing

an ether functionality.

2. Masterbatch composition acob'rdin_g‘to claim 1, wherein the polyolefin basé

resin Is a homopolymer, a copolymer or a terpolymer.

3. Masterbatch composition aCcording to any one of claims 1 or 2, wherein the

polyolefin base resin is obtained from ethylene and/or propylene monomers.

4. Masterbatch cOmposit‘ion_acCordin:g to any one of claims 1 to 3, wherein the
polyolefin base resih is selected from a polyolefin chosen from low density
polyethylene (LDPE), 'linear Iow'.delnsit_y_ polyethylene (LLDPE); metallocene
low dehsity _polyethylene (mLLDF’E){, 'polyprOpylene; a homopolymer of LDPE,
a LLDPE homopolymer, a 'mLLDPE homopolymer, a polypropylene
homopol‘ym_er, random et'hy‘l.ene, *profpy‘lene copolymer polypropylene; a
random- ethylene, butylene, propylene_terpdlyme‘r polypro‘p'ylene and mixtures

thereof.

5. Masterbatch composition according to any one of claims 1 to 4, Wh__erein the
PMMA is crosslinked. |

6. Masterbatch composition according to any one of claims 1 to 5, wherein the

PMMA is contained in the composition in an amount of from 5 to 40 weight%.

7. Masterbatch composition according to any one of claims 1 to 6, wherein the
PMMA is a round particle. '

8. Masterbatch composition according to claim 7. wherein the PMMA part'icles.
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have an average particle size of 1 - 20 pm.

9. Masterbatch composition according to claim 8, wherein the. PMMA particles

have an average particle size of 4 - 10 wm.

10. Mas_terbatch composition according to any one of claims 1 to 9, wherein

the olefinic monomer in the GMA terpolymer is ethylene.

11. Masterbatch co_mpo,_'s"ition according to any one of claims 1 to 10, wherein
the olefinic monoemer containing an ester functionality in the GMA terpolymer is
an acrylic ester of the general formula

. N

| | H o
CH,=CR~C—0—R* (T

wherein R' is chosen from H and CH, and R? is chosen from metyl, ethyl, n-
buthyl i-butyl. tbutyl. ' ‘

12. Masterbatch c_o'r;npbsition according to any one of claims 1 to 11, wherein
the ether functionality containing olefinic monomer in the GMA terpolymer is an

unsaturated epoxide.

13. Masterbatch compos'itic'm according to anyone of claims 1 to 12, wherein
the olefinic monomer containing an ether functionality additionally contains an

ester functior{ality,

4. Masterbatch composition accoerding to claim 13, wherein the olefinic
monomer containing an ether and an ester functionality is a glycidyl acrylate

compound of the general formula -

b
CH;=C—C—0—CH,-CH—CH,  (3I

)

in which R is chosen from H and CHs,
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- 15. Masterbatch oomposition according to any one of olaim's 1 to 14, Wherein

the further polymeric compound GMA terpolymer is a terpolymer of an olefin,
an olefinic ester and an olefinic ether, and wherein the olefinic ether may

optionally contain an additional ester functionélity.

16. Masterbatch composition according .to claim 15, wherein the further
_polymeric compound is a terpolymer of ethylene, acrylic ester and- glycidy!

methacrylate and has the general formula

CI-I3
“""(CHz CHZ)X'“(CHZ""CH)”'_(CHZ"CHZ)y'—'(CHZ"C)
‘C O C O
S
% | (IZ‘HZ—CH——CHQ
acrylic ester ( O )
~ glycidyl methacrylate

with R2 being metyl, ethyl, n-buthyi, 1-butyl, t-buty group , X, y being an integer
selected from 1to 100. |

17. Masterbatch composition according to any-one of claims 1 to 16, wherein

the further polymeric compound IS contalned in the masterbatch composmon in
an amount of from 5 to 30 weight%.

18. Masterbatch composmon accordlng to claim 17, wherem the further

polymenc compound iIs contained in the masterbatch composntlon In an

amount of from 8.to 12 weight%.

~19. Masterbatch composition according to any one of claims 1 to 18, wherein
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the further polymeric compound functions as adhesion promotor between the

polyolefin base resin and the PMMA.

20. Monolayer film produced from a composition comprising at least  the
masterbatch composition according to any one of claims 1 to 19 and at least '

one polyolefin polymer.

21. Monolayer film according to claim 20, wherein the composition contains 1

to 20 weight% masterbatch composition.

22. Monolayer film according to claim 21, wherein that the composition

contains 3 to 8 weight% masterbatch composition.

23. Monolayer film according to any one of claims 20 to 22, wherein the
polyolefin polymer is selected from the group consisting of polyethyl.ene,

polypropylene, their cepolymers and terpolymers.

24. Monolayer film according to any one of claims 20 to 23, wherein the
polyofefin polymer is selected from a group consisting of a polyolefin chosen
from‘LDPE, LLDPE, mLLDPE or HDPE, and polypropylene homopolymer, 3
random ethylene, propylene copolymer‘-polyprop‘yl'ene and random ethylene,

propylene, butylene terpoyimer polypropylene.

25. Monolayer film according to any one of:claims 20 to 24, wherein the film is

not, mono- or bi-axially oriented.

26. Multilayer film, wherein it conta‘ins' at least one Ieyer according to any one
of claims 20 to 25. '

27. Multilayer film acce'rding to claim 26, wherein this layer represents the skin

layer.

28. Multilayer film according to claim 24, wh‘erein it represehts a co-extruded
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bi-oriented polypropylene film with a skin layer which is heatsealable and
made from a composition comprising a random ethylene, propylene copolymer

polypropylene and/or a random ethylene, butylene, propylene terpolymer

polypropylene.

29. Method for producing a masterbatch comprising compounding the
polyolefin base resin as defined in any one of claims 1 to 4 and the

polymethylmethacrylate (PMMA) according to any one of claims 1 and 5 to 9 In

a compounding device and adding the further polymeric compound according

to claims 1 and 10 to 19 .during the compounding process, subsequently

melting, cooling and granulating the obtained masterbatch composition.

30. Methbd for producing the monolayer film a’cco‘rding to any one of claims 20
to 25 comprising diluting the masterbétch 'according to any one of claims 1 tb |
19 into the polyolefin base resin according to claim 4, making- a polyolefin film
from the dilution comprising masterbatch and polyolefin base resin, optionally

mono-axially or bi-axially orienting said polyolefin film. '

31. Method for producing a multilayer film according to any one of claims 26 to

28 comprising diluting the masterbatch according to any one bf claims 1 to 19

into the polyolefin base resin as defined in claim 4, co-extruding said dilution
with at least one further film base material, making a layered polyolefin film
from the coextrusion, optionally mono-axially or bi-axially orienting the layered

nolyolefin film.
32. Method according to claim 31, wherein the layered film is metaliized.‘

33. Use of the monolayer or multilayer films according to any one of claims 20

10 28 as a packaging material.
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