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(57) Abstract: A multilayer film or sheet is provided and comprises a first layer of polyethylene having a first density and a second
layer of polyethylene having a second density, the first and second densities being different, and at least one core or inner layer which
is a polyethylene based layer having oxygen barrier properties.
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MULTILAYER FILM

The present invention relates generally to films (a thin continuous polymeric material)
and sheets prepared from polyethylene resins. More specifically, the invention relates
to multi-layer films and sheets made from particular polyethylene compositions and

polyethylene based organic mixtures.

Polyethylene is a polymer of ethylene; especially: any of various partially crystalline
lightweight thermoplastics (CH,CH,), that are resistant to chemicals and moisture,
have good insulating properties, and are used, for example, in packaging and insulation.

Polyethylene is a family of materials with densities ranging typically from 0.86g/cm’ to

0.965g/cm’.

According to an aspect of the present invention there is provided a multilayer film or
sheet comprising a first layer of polyethylene having a first density and a second layer
of polyethylene having a second density, the first and second densities being different,
and at least one core or inner layer of a polyethylene based layer having oxygen

barrier properties.

According to a further aspect of the present invention there is provided a multilayer
film or sheet comprising a first surface layer of polyethylene having a first density and a
second, opposite surface layer of polyethylene having a second density, the first and
second densities being different, and at least one core or inner layer of a polyethylene

based layer having oxygen barrier properties.
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In some embodiments the barrier layer/s comprise a mixture of organic raw material

based on PE.

According to an aspect of the present invention there is provided a multilayer film or
sheet comprising a first layer of polyethylene having a first density and a second layer
of polyethylene having a second density, the first and second densities being different,
and an inner layer of a polyethylene based organic mixture having oxygen barrier

properties.

According to an aspect of the present invention there is provided a multilayer film
comprising a first layer of polyethylene having a first density and a second layer of
polyethylene having a second density, the first and second densities being different, and
an inner layer of a polyethylene based organic mixture having oxygen barrier

properties.

According to an aspect of the present invention there is provided a multilayer sheet
comprising a first layer of polyethylene having a first density and a second layer of
polyethylene having a second density, the first and second densities being different, and
an inner layer of a polyethylene based organic mixture having oxygen barrier

properties.

In some embodiments the film or sheet is a three-layer structure.  Other

embodiments have more than three layers, for example five layers.
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The inner layer may have a thickness in the range 4pm to 120um, for example
approximately 8um or 12um for a film and approximately 50pum or 60um for a sheet

structure.

In some embodiments the first layer is an outside layer and the second layer is an
inside layer i.e. the first and second layers are the “skin” at the top and bottom (in

section) of the film.

In some embodiments the first density is higher than the second density. This allows,
for example, a temperature differential to be formed in a film if two sections of film are

heat sealed together, for example with two respective inside layers facing each other.

The first density may be in the range 0.910g/cm’ to 0.965g/cm’. For example the first
density may be approximately 0.931g/cm’ for a film and approximately 0.920g/cm’ for a

sheet structure.

For a film structure the second density may be in the range 0.80g/cm’to 0.90g/cm’.

For example the second density may be approximately 0.88g/cm’.

For a sheet structure the second density may be in the range 0.90g/cm’to 0.965g/cm*

For example the second density may be approximately 0.92g/cm’

The density of the core or inner layer may be in the range 0.95g/cm’ to 1.5g/cm’. For

example the density of the core layer may be approximately I.lg/cm’.
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The first layer of a thin film may have a thickness in the range 4um to 25um. For

example the first layer may be a thickness of approximately |5um.

The second layer may have a thickness in the range 4um to 30um. For example the

second layer may have a thickness of approximately 15.0um.

The overall thickness of the film may be in the range 30pm to 200um. For example

the thickness of the film may be approximately 120um.

The thickness of a sheet may be in the range 200pm to 1000um. The first layer may
have a thickness in the range 20um to 200pm. The second layer may have a thickness

in the range 20um to 200pm.

A barrier layer may have a thickness in the range 5um to 100um, for example

approximately |Oum for a film and approximately 30pm for a sheet structure

In some embodiments the film is formed by a co-extrusion process (the extrusion of
multiple layers of material simultaneously), for example a blown film co-extrusion
process (involving the extrusion a tube of molten polymer through an annular die and
inflating to a size greater than its initial diameter to form a thin film bubble). Sheets

may be formed, for example, using a sheet die.

The present invention also provides a three-layer coextruded polyethylene film
comprising an inside layer of polyethylene having a first density and an outside layer of

polyethylene having a second density, the first and second densities being different, and
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a core or inner layer of a polyethylene based organic mixture between the inside and

outside layers, the core or inner layer having oxygen barrier properties.

In some embodiments the barrier material is only used in the core layer.

In some embodiments the material used to provide the barrier in the barrier/core

layer is a PE-compatible organic, food approved mixture.

The present invention also provides a product, such as a pouch, flow wrap, tray or lid,
formed from a film or sheet as described herein. In some embodiments all of the
layers of the product are polyethylene or polyethylene based organic mixture, enabling

it to be easily recycled through standard polyethylene recycling channels.

The present invention also provides for the use of commercially available adhesion
enhancers in layers adjacent to a barrier layer to ensure cohesion of the overall
structure. Layer concentration of this additive may be between 10% and 100% and

typically 20% when not in a discrete layer of its own.

The present invention also provides for the preparation of a polyethylene film for use

in the manufacture of a disposable pouch and pouches formed therefrom.

The present invention also provides a stand-up pouch which is easily recyclable in the
polyethylene recycling stream, the pouch being formed from film as described herein,
and formed by sealing opposing panels of film together, with respective inside layers

sealed together.
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In some aspects and embodiments a film is designed to seal inside layer to inside layer
with a temperature differential to the outside layer. In other aspects and embodiments
a tray structure provides an upper surface to seal to a suitable lid. In other aspects
and embodiments a lid structure provides with a lower surface to seal to a suitable

tray.

Different aspects and embodiments of the invention may be used separately or

together.

Further particular and preferred aspects of the present invention are set out in the
accompanying independent and dependent claims. Features of the dependent claims
may be combined with the features of the independent claims as appropriate, and in

combinations other than those explicitly set out in the claims.

The present invention will now be more particularly described, by way of example,

with reference to the accompanying drawings.

The example embodiments are described in sufficient detail to enable those of
ordinary skill in the art to embody and implement the systems and processes herein
described. It is important to understand that embodiments can be provided in many
alternative forms and should not be construed as limited to the examples set forth

herein.
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Accordingly, while embodiments can be modified in various ways and take on various
alternative forms, specific embodiments thereof are shown in the drawings and
described in detail below as examples. There is no intent to limit to the particular
forms disclosed. On the contrary, all modifications, equivalents, and alternatives falling
within the scope of the appended claims should be included. Elements of the example
embodiments are consistently denoted by the same reference numerals throughout

the drawings and detailed description where appropriate.

Unless otherwise defined, all terms (including technical and scientific terms) used
herein are to be interpreted as is customary in the art. It will be further understood
that terms in common usage should also be interpreted as is customary in the relevant

art and not in an idealised or overly formal sense unless expressly so defined herein.

In the following description, all orientational terms, such as upper, lower, vertical,
horizontal, radially and axially, are used in relation to the drawings and should not be

interpreted as limiting on the invention.

In Figure | a co-extruded multilayer film is generally indicated 10.

The film 10 comprises a first, “outside” layer of polyethylene 15, a second, “inside”

layer of polyethylene 20 and a core, barrier layer of polyethylene 25.

The layer 15 is formed from polyethylene having a higher density than the layer 20.
The layer 25 is formed from a PE-compatible organic, food approved oxygen barrier

compound resin.



10

15

20

WO 2020/008167 PCT/GB2019/051756

As represented in Figure 2, when two portions of the film are sealed together the two
layers 15a, 15b become outside layers and the two layers 20a, 20b are sealed to each
other and become inside layers. The film can be heat sealed together using existing
commercially available equipment because of the density gradient between the layers

I5a, I5b and the layers 20a, 20b.

In some embodiments the layers are formed based on heat resistance (which may
correspond with density but not necessarily) with a PE layer with a higher heat
resistance being formed as an outside layer and a layer with a lower resistance formed
as an inside layer, providing a temperature resistance differential across the thickness

of the film.

Figure 3 shows a film 130 formed according to a further embodiment.

The film 130 comprises, from “outside” to “inside”, an outside layer of medium density
PE 135, a layer of high density PE 140, a further layer of high density PE 145, a barrier
layer of PE 150, and an inside layer of low density PE I55. For sealing purposes then
inside layer 155 would seal against another such layer, with the layer 130 forming both

external faces.

Figure 4 shows a sheet 260 formed according to a further embodiment.
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The film 260 comprises, from “outside” to “inside”, an outside layer of medium density
PE 265, a barrier layer of PE 270, a layer of high density PE 275, a further barrier layer

of PE 280, and an inside layer of low density PE 285.

Films and sheets formed in accordance with the present invention can be used to
produce, for example, recyclable stand-up pouches, tray, lids and flow wrap packs with

oxygen barrier properties.

Figure 5 shows the results of tests performed in relation to a variety of different films
(all of which are five layer films with two barrier layers) formed in accordance with the

present invention.

Although illustrative embodiments of the invention have been disclosed in detail
herein, with reference to the accompanying drawings, it is understood that the
invention is not limited to the precise embodiments shown and that various changes
and modifications can be effected therein by one skilled in the art without departing
from the scope of the invention as defined by the appended claims and their

equivalents.
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CLAIMS

l. A multilayer film or sheet comprising a first layer of polyethylene having a first
density and a second layer of polyethylene having a second density, the first and
second densities being different, and at least one core or inner layer which is a

polyethylene based layer having oxygen barrier properties.

2. A film or sheet as claimed in claim I, in which the core or inner layer has a

thickness in the range Spym to 20pm.

3. A film or sheet as claimed in claim 2, in which the core or inner layer has a

thickness of approximately 10um or [5um.

4. A film or sheet as claimed in any preceding claim, in which the first layer is an

outside layer and the second layer is an inside layer.

5. A film or sheet as claimed in any preceding claim, in which the first density is

higher than the second density.

6. A film or sheet as claimed in any preceding claim, in which the first density is in

the range 0.929g/cm’ to 0.965g/cm’.

7. A film or sheet as claimed in claim 6, in which the first density is approximately

0.931g/cm’.



WO 2020/008167 PCT/GB2019/051756

8. A film or sheet as claimed in any preceding claim, in which the second density is

in the range 0.80g/cm’to 0.90g/cm’.

5
9. A film or sheet as claimed in claim 8, in which the second density is
approximately 0.88g/cm’.
10. A film or sheet as claimed in any preceding claim, in which the density of the

10  core or an inner layer is in the range 1.0g/cm’ to |.5g/cm’.

1. A film or sheet as claimed in claim 10, in which the density of the core or an

inner layer is approximately 1.lg/cm’.

15 12. A film or sheet as claimed in any preceding claim, in which the first layer has a

thickness in the range Spym to 25pum.

13. A film or sheet as claimed in claim 12, in which the first layer has a thickness of
approximately |6um.

20
14. A film or sheet as claimed in claim 13, in which the second layer has a thickness

in the range Spm to 30pm.

I5. A film or sheet as claimed in claim 14, in which the second layer has a thickness

25  of approximately |3um.
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6. A film as claimed in any preceding claim, in which the thickness of the film is in

the range 30pm to 200um.

7. A film or sheet as claimed in any preceding claim, in which the thickness of the

sheet is in the range 200um to 1000um.

8. A film or sheet as claimed in any preceding claim, in which the first layer has a

thickness in the range 20um to 200pm.

19. A film or sheet as claimed in any preceding claim, in which the second layer has

a thickness in the range 20pm to 200um.

20. A film or sheet as claimed in any preceding claim, in which the first density is in

the range 0.900g/cm’ to 0.965g/cm’.

21. A film or sheet as claimed in any preceding claim, in which the or at least one

of the barrier layers has a thickness in the range 5 pym to 50 um.

22. A three-layer coextruded polyethylene film or sheet comprising an inside layer
of polyethylene having a first density and an outside layer of polyethylene having a
second density, the first and second densities being different, and a core layer of
polyethylene formed between the inside and outside layers, the core layer having

oxygen barrier properties.
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23. A film or sheet as claimed in claim 22, in which the barrier material is only used

in the core or an inner layer.

24. A five-layer film or sheet comprising: an inside layer of polyethylene having a
first density; a polyethylene-based barrier layer; a central layer of polyethylene; a
polyethylene-based oxygen barrier layer; and an outside layer of polyethylene having a

second density, the first and second densities being different.

25. A multilayer film or sheet comprising a first layer of polyethylene having a
higher heat resistance and a second layer of polyethylene having a lower heat
resistance, and a core or inner layer of polyethylene layer having oxygen barrier

properties arranged between the first and second layers.

26. A film as claimed in claim 25, in which the first layer is arranged as an outside
layer and the second layer is arranged as an inside layer so that, when sealed together,

two opposing second layers seal against each other.

27. A pouch, flow wrap pack, tray or lid formed from a film or sheet as claimed in

any preceding claim.

28. A stand-up pouch, flow wrap pack or lid which is easily recyclable in the
polyethylene recycling stream, the pack being formed from film as claimed in any of
claims | to 26, and formed by sealing opposing panels of film together, with respective

inside layers sealed together.
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29. A tray formed from a sheet containing an inner layer comprised, in part or
entirely, of a polyethylene based organic oxygen barrier mixture which is easily

recyclable in the polyethylene recycling stream where the first layer is heat sealable to

a suitable lidding film.



PCT/GB2019/051756

WO 2020/008167

13

10

Pl

5

e

S

%

Figure 2



PCT/GB2019/051756

WO 2020/008167

30
260

Werroreterre § F

5,

era i gy

N\

chrmspirinrserics
trrecepeoniie. nrarinc pn
ey o et o

e e,

[y

“trrae rrreres

.
o

i e p ) LT

P ; 1

i 4 £ -

wrn b riir \ 4 . @ H M\\\
74 rarunshnasrs ra ? bveereervenn vy

T \ \ ) o o \\\\“\\WM

errerereren s 7 g i

S @t . 27
/ ¢ %,
i ,\,\ V4 o
N \\ \\ \

\\
N

N

.S.S.Es
S v \\ /
; ;
p

N
S /

£ ] 5

7 7 {

/ 7 ;

/
/

R N
AN
N

2 g ¢ 0 o
AR S v A
NEEERNEN



PCT/GB2019/051756

WO 2020/008167

3/3

G 2.n314

Aypuuny aangpl = HY
Q)R] UOKSILBLRILUDAX0 =41 O

9. UoSKIWSUE} InodeA 19 M = M 1AM

HH %085 0.£¢

G86EANISY 01s1 1O

410

HY %06 0.£¢

6¥C1d WISV 01sl dIAM

¢ - dIAM

64214 WISY 01SI dIAM

HY %001 0.8¢ 1 - ¥IAM
[ 20 8l gl £6'0 €T 21 80 82 9z 61 9V £902ZA 20| ey 0
4} 80 9l 'L 20 5T 1'C 4} 0 T902ZA U
ve 4} 1e e gL LA 1'g yE 8 1902ZA 2] PEDUEE L0
L'l S0 07 [4 e 6L 6'Q SPOZZA UM
p/uo | prwb | pwd | pwes | praub | oppwb | prupo | prwf | oppwd | piwpo | opraud | pwb | ppwpo | oppwB | oppwd | prwoo | opuf | prwb
10 [Z-HIAM[L-dIAM] 810 |Z-dIAM[L-dIAM] 810 Jz-dIAM[L-JIAM] d10  [Z2-dIAM[L -dIAM] 810 [Z-dIAM[L-MIAM] 810 [2-3IAM L - HIAW 9poQ inojo9
ovl 0zl 00l 08 09 5¢ uooIN
810-2L0 8L0-2L0 8L0-CL0  8L0-CL0 BI0-2LO0 B8LO-TLO UOIO1 JO JUSIDIB0D
06 06 08 06 06 08 9, 8Jnpladwis ] UCIBIU| ESS
19§ 788 267 vI2 190} 287 (0%) uoipbuog
7L 7L 605 00 ja44 ¥0g (N) peo
gee 78¢ §6¢ §6e £92 79l (Wwy/N) sninpoy o1seE
vl 66l £51 y'8l 9¢l 58 (uw/N) ssauyies
apsual dL
8¢9 8Ll £89 195 959 075 (0%) uoipbuog
968 608 V29 8L 9y ey (N) peo
g8 [433 §8¢ €18 £02 08l (Wwy/N) sninpoy o1sed
66l L vl 6l S0l £ W/ N) SSsuls
alsusL an
BINEN SIUM BINEN SPUM BINEN BINEN Jnojoy
oyl oyl i l rog l
-€902ZA | - G¥02ZA | 001 - €902ZA | 001 - 2902ZA | - 1902ZA | 09- 1902ZA




INTERNATIONAL SEARCH REPORT

International application No

PCT/GB2019/051756

A. CLASSIFICATION OF SUBJECT MATTER

INV. B32B27/08 B32B27/18 B32B27/32
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B32B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X WO 2015/157876 Al (EXXONMOBIL ASIA PACIFIC 1-29
RES & DEV CO LTD [CN])

22 October 2015 (2015-10-22)
abstract; claims 1-23

paragraphs [0021], [0022], [0055],
[0056], [0057]

X EP 3 293 002 Al (DOW GLOBAL TECHNOLOGIES 1-29
LLC [US]) 14 March 2018 (2018-03-14)
abstract; claims 1-15

paragraphs [0011], [0043], [0050],
[0055], [0087], [0090], [0092]

X WO 2017/127808 Al (JINDAL FILMS AMERICAS 1-29
LLC [US]) 27 July 2017 (2017-07-27)
abstract; claims 1-20

paragraphs [0022], [0026], [0029],
[0065]

page 16; examples 1,2

D Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other "Y* document of particular relevance; the claimed invention cannot be

special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
22 August 2019 04/09/2019
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016 Bergmans, Koen

Form PCT/ISA/210 (second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/GB2019/051756
Patent document Publication Patent family Publication
cited in search report date member(s) date

WO 2015157876 Al 22-10-2015 US 2017136746 Al 18-05-2017
WO 2015157876 Al 22-10-2015
EP 3293002 Al 14-03-2018 AR 109631 Al 09-01-2019
BR 112019004394 A2 28-05-2019
CN 109863026 A 07-06-2019
EP 3293002 Al 14-03-2018
W 201811566 A 01-04-2018
US 2019184690 Al 20-06-2019
WO 2018048610 Al 15-03-2018
WO 2017127808 Al 27-07-2017  CN 108463347 A 28-08-2018
EP 3405344 Al 28-11-2018
US 2018272671 Al 27-09-2018
WO 2017127808 Al 27-07-2017

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - claims
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - wo-search-report
	Page 20 - wo-search-report

