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A method for manufacturing a packaging material

Field of invention

The invention relates to a method for manufacturing a packaging material, in
which polymer coating layers are extruded onto a fibrous base, such as paper,
paperboard or cardboard. Further, the invention relates to a polymer-coated
packaging material provided by the method, as well as a disposable drinking
cup and other products made from the material.

Background of the invention

Fibre-based packaging materials for containers and product packages, such
as packaging paper or board, are usually provided with a polymeric coating
that makes the material liquid-tight and allows forming the container or pack-
age by heat sealing. Typical articles made from polymer coated paper or board
are liquid packages and disposable tableware, such as drinking cups. LDPE
(low-density polyethylene) is widely used for coating due to its good heat-
sealability.

Recently there has been a growing demand on the market for such paper or
board products made solely or at least predominantly of raw-materials from re-
newable sources, i.e. raw-materials of biologic origin. Traditionally polyethyl-
enes have been produced from fossile raw materials such as petroleum. More
recently polyethylenes made from sugarcane, sugar beet or wheat grain have
been developed, especially bio-LLDPE (linear low-density polyethylene) and
bio-HDPE (high-density polyethylene) having easy availability. Also bio-LDPE,
I.e. usual low-density polyethylene with a branched structure, is known but has
limited supply and accordingly a high price. All these new polymer products
have so far been tailored for the manufacture of polymer films, and their suita-
bility to extrusion coating has been found to be poor.

EP 1 059 162 A2 describes packaging materials having layers of a blend of
LDPE and LLDPE as a monolayer or as an innermost layer or an outermost
layer of a multilayer coating on a paperboard base. The teachings principally
aim at a liquid crystal polymer barrier, and there is no mention of the propor-
tions of LDPE and LLDPE in the blend.

WO 00/776862 A1 discloses a monolayer of a blend of LDPE and LLDPE on a
paperboard base, without teaching the proportions of the polymers in the
blend. In this reference the principal teaching are focused to a poly-
mer/nanoclay composite layer as an oxygen and moisture barrier.



WO 2015/125101 PCT/IB2015/051268

10

15

20

25

30

35

Summary of the invention

There is thus a need for an improved process that allows technically effective
and cost-efficient use of LLDPE, especially the film grade LLDPE of biologic
origin readily available on the present-day market, for extrusion coating onto a
fibrous base such as paper, paperboard or cardboard. The primary require-
ment is to achieve good adhesivity of the coating layer to the fibrous base. Fur-
thermore, the coating layer should advantageously serve as a an innermost
layer of multilayer coatings with good vapour barrier and heat sealing charac-
teristics, as well as with coating layer weights as low as possible.

According to the invention, a superior polymer coating has surprisingly been
achieved by coextrusion onto a fibrous paper, paperboard or cardboard base,
into direct contact with the same, a multilayer coating comprising an innermost
polymer layer containing a blend of (i) 10 to 25 wt-% of a branched low-density
polyethylene (LDPE) having a lower melt viscosity and (ii) 75 to 90 wt-% of a
linear low-density polyethylene (LLDPE) having a higher melt viscosity, a mid-
dle vapour barrier polymer layer, and an outermost heat-seal layer of the same
blend as said innermost layer, the innermost layer adhering the coating to said
fibrous base and the outermost layer forming a heat-seal layer, excluding ma-
terials comprising a coextruded layer, of more than 90 wt-% of high-density
polyethylene (HDPE).

Thus, methods of manufacturing materials comprising a co-extruded layer,
which layer is arranged further out compared to the innermost layer, e.g. on
the outer side of the innermost layer or in-between the innermost and the
outermost layers, are excluded from the claimed method The disclaimer above
eliminates an overlap with a previously filed Swedish patent application
1300276-1 still secret at the priority date of the present application.

In comparison with a conventional coating of 100 % LDPE the invention brings
improved strength of sealing, and in comparison with a coating of 100 %
LLDPE the invention brings improved runnability in extrusion and improved
adhesion to the fibrous base. The result is a workable solution having the ad-
vantage of a markedly increased share of bio-based material at an acceptable
cost and easy availability of the materials.

As such blending of different kinds of polyethylenes is commonplace, and a
multitude of such recipes may be found in the literature. However, those teach-
ings mainly aim at making polymer films, not coatings onto a fibrous base, and
thus tell nothing about adhesivity of such blends to a fibrous base as is an im-
portant aspect of the present invention. Furthermore, minor amounts of LLDPE
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are usually described as being blended with a major share of usual branched
LDPE, not the reverse as taught by the present inventors.

As preferable embodiments of the invention the polymer blend may contain 80
to 90 wt-%, preferably 80 to 85 wt-%, and most preferably 80 wt-% of LLDPE
and 10 to 20 wt-%, preferably 15 to 20 wt-%, and most preferably 20 wt-% of
LDPE.

Preferably the LDPE used for the invention has a melt index of at least 25 g/10
min (190 °C, 2.16 kg) and the LLDPE used for the invention has a melt index
of at most 10 g/10 min (190 °C, 2.16 kg).

The invention thus makes possible an increased use of bio-HDPE so as to
achieve by simple means an improved water vapour barrier in the paper or
board product.

HDPE in general has an advantage over LDPE or LLDPE in providing a supe-
rior water vapour barrier, which is very desirable in liquid containers and pack-
ages. On the other hand HDPE has a poor heat-sealability due to its higher
melting temperature as compared to LDPE, and even its adhesivity in direct
contact to a fibrous base is deficient. Furthermore, pure HDPE is not suitable
for monolayer extrusion coating due to its narrow molecular weight distribution
(MWD). Pure HDPE has a high neck-in and poor runnability in extrusion coat-
ing, when producing thin coatings of a coating weight of 15 to 25 g/m?.

In the prior art, see e.g. US 7,335,409, a combination of an inner HDPE layer
and an outer LDPE layer has been described as providing a water vapour bar-
rier and heat-sealability. However, adhesivity of such combination to a fibrous
base is insufficient, and the present poor availability of bio-grade LDPE is an-
other handicap from the environmental point of view.

By means of the innermost coating layer of the blend of LDPE and LLDPE the
invention overcomes the neck-in and runnability problems of HDPE in extru-
sion and, as a double-layer structure, allows improved adhesion to the fibrous
base. A layer of the polymer blend as described above is co-extruded as an
inner layer between an outer layer of at most 90 wt-% of HDPE and the fibrous
base.

The outer vapour barrier layer of at most 90 wt-% of HDPE thus has a share of
at least 10 wt-% of other polymers such as LDPE or LLDPE, which would im-
prove heat-sealability of said barrier layer.

The invention thus provides a layer of the blend of LDPE and LLDPE, which
serves as an adhesive layer in direct contact with the fibrous base. At the
same time a similar polymer blend layer may also be arranged as an outer-
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most heat-sealing layer as the packaging material is formed into containers or
closed product packages. A vapour barrier layer of at most 90 wt-% of HDPE
would be sandwiched between the two polymer blend layers. The major share
of the biopolymers turns the product predominantly renewable-based even if
the minor share of LDPE were of petroleum-origin.

According to an advantageous embodiment of the invention an innermost ad-
hesive layer of the blend of LDPE and bio-LLDPE, a middle layer of a blend of
50 to 90 wt-% of HDPE and 10 to 50 wt-% of LDPE or LLDPE, and an outer-
most heat-sealable layer of such blend are coextruded at a single step onto
the fibrous base. Preferably the same blend is used for both the innermost and
the outermost polymer layer. The structure may consist of the innermost, the
middle and the outermost polymer layers on the fibrous base, or there may be
further polymer layers, such as an oxygen barrier layer e.g. of EVOH or poly-
amide sandwiched between said innermost and outermost polymer blend lay-
ers.

HDPE, whenever used in the structures according to the invention, is prefera-
bly of biologic origin, i.e. also in a middle all-HDPE layer.

Further embodiments of the invention provide that the weight of an innermost
adhesive layer of said blend is at most 15 g/m?, preferably at most 10 g/m?,
and most preferably about 5 g/m?, that the weight of an outermost heat-seal
layer of said blend is at most 15 g/m?, preferably at most 10 g/m? and most
preferably about 5 g/m? and that the weight of a middle HDPE + LDPE or
HDPE + LLDPE blend layer is at most 15 g/m?, preferably at most 10 g/m?,
and most preferably about 5 g/m2. Preferably in a triple-layer coating the total
weight of the polymer layers is at most 25 g/m?, preferably at most 20 g/m?,
and most preferably about 15 g/m2. Very thin multiple polymer layer structures
are thus made possible by the invention.

Reducing the coating layer weights even further would be desirable from eco-
nomic and environmental points of view. Within the scope of the invention, tri-
ple layers with respective coating layer weights of 4 + 4 + 4 g/m? or even 4 + 2
+ 4 g/m? could be contemplated, if made possible by existing coextrusion
techniques.

The invention further covers heat-sealable packaging materials, which are ob-
tainable by the method according to the invention as claimed.

Preferably a heat-sealable packaging material according to the invention com-
prises:

- (a) afibrous base of paper, paperboard or cardboard,
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- (b) an innermost adhesive layer of a blend of (i) 10 to 25 wt-% of a low-

density polyethylene (LDPE) having a lower melt viscosity and (ii)

75 to 90 wt-% of a linear low-density polyethylene (LLDPE) having a

higher melt viscosity, the innermost layer being in a direct contact with
said fibrous base,

- (c) amiddle layer of a vapour barrier polymer or blend of polymers, and
- (d) an outermost heat-sealable layer of a blend of (i) 10 to 25 wt-% of a
low-density polyethylene (LDPE) having a lower melt viscosity
and (ii) 75 to 90 wt-% of a linear low-density polyethylene (LLDPE)

having a higher melt viscosity,

said innermost, middle and outermost layers having been brought by coextru-
sion onto said fibrous base.

Preferably the packaging material according to the invention is coated with one
or more polymer layers on both sides.

The final products included in the scope of the invention include a drinking cup
made by heat-sealing from the packaging material as described above. Other
articles covered by the invention are disposable plates, trays and other table-
ware, as well as sealed liquid packages such as dairy product and juice car-
tons, where further oxygen and light barrier layers may be desirable.

In connection with the invention, high-density polyethylene refers to polyethyl-
enes with a density of more than 0.940 g/cm?.

The invention is especially suitable for the production of materials for packag-
ing of food, especially frozen food, but is not limited to this application.

Brief description of the drawings

Fig. 1 shows the multilayer structure of a first packaging material according to
the invention,

Fig. 2 shows the multilayer structure of a second packaging material according
to the invention, and

Fig. 3 shows the multilayer structure of a third packaging material according to
the invention.
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Detailed description

The packaging material shown in Fig. 1 comprises a fibrous base 1, an inner
adhesive layer 2 in direct contact with the fibrous base 1, the adhesive layer 2
comprising a blend of (i) 10 to 25 wt-% of a branched low-density polyethylene
(LDPE) of a lower melt viscosity and (ii) 75 to 90 wt-% of a linear low-density
polyethylene (LLDPE) of a higher melt viscosity, a middle layer 3 of a blend of
50 to 90 wt-% of HDPE and 10 to 50 wt-% of LDPE or LDPE and outermost
layer 4 of a polymer blend, which is similar to, preferably the same as the
blend used for the innermost adhesive layer 2. In the blend forming the inner
adhesive layer 2, and the outermost layer 4, the low-density polyethylene
(LDPE) preferably has a melt index of at least 15 g/10 min (190°C, 2.16 kg)
and the linear low-density polyethylene (LLDPE) preferably has a melt index of
at most 10 g/10 min (190°C, 2.16 kg). HDPE and LLDPE as used in the struc-
ture are of renewable biologic origin. The fibrous base 1 may be paper, paper-
board or cardboard of a weight of 40 to 500 g/m?, preferably board of a weight
of 170 to 350 g/m?. The outermost layer 4 is useful as a heat-sealing layer as
the material is turned into containers such as disposable drinking cups for in-
stance. The three layers 2, 3, 4 have been brought onto the fibrous base 1 by
coextrusion. The weight of each one of the coextruded polymer layers 2, 3, 4
may be e.g. 3 to 12 g/m?, preferably 5 to 10 g/m?.

The packaging material according to Fig. 2 differs from the material shown in
Fig. 1 in that it even comprises a heat-sealing layer 4° on the opposite side of
the fibrous base 1. Preferably this heat-sealing layer 4° is of a polymer blend,
which is the same as the blend used for the innermost and outermost layers 2,
4 on the reverse side of the fibrous base, the latter forming the inside as the
material is turned into a drinking cup.

The packaging material according to Fig. 3 comprises a coextruded multilayer
structure 2, 3, 4; 27, 3", 4" on both sides of the fibrous base 1. These multilayer
structures may both correspond to that described above in connection with Fig.
1. The material of Fig. 3 is suitable for heat-sealed product packages shielded
against water vapour penetration from both the inside of the package, i.e from
a moist product, and from the outside of the package, i.e. from humid ambi-
ence.

Examples

20 wt-% of extrusion grade LDPE of petroleum oil origin was dry blended with
80 wt-% of film grade bio-LLDPE of sugar cane origin to form a polymer blend.
A layer of this polymer blend having a coating weight of 15 g/m? was extruded
onto a paperboard surface into direct contact with the same. The coating layer
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was achieved with good runnability, acceptable neck-in and and good adhe-
sion to the paperboard.

A series of tests was carried out in order to determine the performance of the
above blend as an adhesion layer between paperboard and one or more outer
polymer layers in a coextruded multilayer coating. Layers of 100 wt-% bio-
HDPE were used for testing, but in regard of adhesion these do not differ sig-
nificantly from blends of 50 to 90 wt-% of HDPE and 10 to 50 wt-% of LDPE or
LLDPE within the scope of the invention. Extruded monolayer coatings, as well
as coextruded multilayer coatings with an innermost HDPE + LDPE blend lay-
er, were included as a comparison.

Extrusion grade oil-based LDPE, film grade bio-HDPE, and film grade bio-
LLDPE (bio-HDPE and bio-LLDPE made from sugar cane by Braskem, Brazil)
were used for the tests. The neck-in in extrusion and heat-sealing temperature
of the finished material were measured, and adhesion to the board base was
evaluated on a scale 1 (no adhesion) to 5 (perfect adhesion). The results are
presented in the following table 1.

Table 1.
g/m? |Thick- |Heat Adhesion | Neck-in
Structure nesses |sealing |(0-5) (mm)
(um) (°C)

Board/LDPE* 15 15 360 5 60
Board/LLDPE+20%LDPE 15 15 440 5 90
Board/LLDPE+20%LDPE/HDPE/LLDPE+20%LDPE 15 5/5/5 440 5 90
Board/LLDPE+20%LDPE/HDPE/LLDPE+20%LDPE 20 5/10/5 430 5 90
Board/HDPE+20%LDPE/HDPE/HDPE+20%LDPE* 15 5/5/5 510 5 85
Board/HDPE+20%LDPE/HDPE/HDPE+20%LDPE* 20 5/10/5 510 5 85
Board/HDPE+20%LDPE/HDPE* 15 10/5 490 5 85
Board/HDPE* 25 25 500 35 110

* .
comparative

The comparative HDPE monolayer coating had the worst neck-in and adhe-
sion in spite of the largest layer thickness. Thinner HDPE monolayers failed in
extrusion altogether. Adding an inner layer of a blend of LLDPE with 20 wt-%
of LDPE improved adhesion and diminished the neck-in, even though the total
coating weights and thicknesses were reduced, and by addition of an outer-
most layer of the same blends considerably improved heat-sealability in case
of LLDPE + LDPE.
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Claims

1. A method of manufacturing a heat-sealable packaging material, compris-
ing coextrusion onto a fibrous paper, paperboard or cardboard base, into direct
contact with the same, a multilayer coating comprising an innermost polymer
layer containing a blend of (i) 10 to 25 wt-% of a low-density polyethylene
(LDPE) having a lower melt viscosity and (ii) 75 to 90 wt-% of a linear low-
density polyethylene (LLDPE) having a higher melt viscosity, a middle vapour
barrier polymer layer, and an outermost heat-seal layer of the same blend as
said innermost layer, the innermost layer adhering the coating to said fibrous
base and the outermost layer forming a heat-seal layer, excluding materials
comprising a coextruded layer of more than 90 wt-% of high-density polyeth-
ylene (HDPE).

2.  The method of claim 1, characterized in that said polymer blend contains
80 to 90 wt-%, preferably 80 to 85 wt-%, and most preferably 80 wt-% of said
LLDPE and 10 to 20 wt-%, preferably 15 to 20 wt-%, and most preferably 20
wt-% of said LDPE.

3.  The method of claim 1 or 2, characterized in that said LDPE has a melt
index of at least 25 g/10 min (190 °C, 2.16 kg) and that said LLDPE has a melt
index of at most 10 g/10 min (190 °C, 2.16 kg).

4.  The method of any one of the preceding claims, characterized in that the
weight of each one of the innermost adhesive layer, the middle vapour barrier
layer, and the outermost heat-sealable layer is at most 15 g/m?, preferably at
most 10 g/m?, and most preferably at most 5 g/m?2.

5.  The method of any one of the preceding claims, characterized in that a
blend containing up to 90 wt-% of HDPE of biologic origin is used for said mid-
dle vapour barrier layer.

6. The method of any one of the preceding claims, characterized in that
LLDPE of biologic origin is used for said blend.

7. A heat-sealable packaging material made by the method of any one of
claims 1 to 6, characterized in that it comprises

(a) afibrous base of paper, paperboard or cardboard,

(b) aninnermost adhesive layer of a blend of (i) 10 to 25 wt-% of a low-
density polyethylene (LDPE) having a lower melt viscosity and (ii)
75 to 90 wt-% of a linear low-density polyethylene (LLDPE) having a
higher melt viscosity, the innermost layer being in a direct contact
with said fibrous base,
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(c) amiddle vapour barrier polymer layer, and

(d) an outermost heat-sealable layer of a blend of (i) 10 to 25 wt-% of a
low-density polyethylene (LDPE) having a lower melt viscosity and
(i) 75 to 90 wt-% of a linear low-density polyethylene (LLDPE) hav-
ing a higher melt viscosity,

said innermost, middle and outermost layers having been brought by coextru-
sion onto said fibrous base.

8. The packaging material of claim 7, characterized in that that the weight of
each one of the innermost, middle and outermost polymer layers is at most 15
g/m?, preferably at most 10 g/m?, and most preferably at most 5 g/m?, and the
total weight of the polymer layers is at most 25 g/m?, preferably at most 20
g/m?, and most preferably at most 15 g/m?2.

9. The packaging material of claim 7or 8, characterized in that a blend con-
taining up to 90 wt-% of HDPE of biologic origin has been used for said middle
vapour barrier polymer layer.

10. The packaging material of any one of claims 7 to 9, characterized in that
LLDPE of biologic origin has been used for said blend with LDPE.

11. A drinking cup made by heat-sealing from the packaging material made
by the method of any one of claims 1 to 6 or from the packaging material of
any one of claims 7 to 10.
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