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Processes for production cross-|am nates of orient ed filns

are known in particular fromG-A-1,526, 732. In this known invention,
uni axi al or unbal anced bi axial orientation of the filns is a
melt-orientation and may be very weak, but is always conbined with the u
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The invention concerns an improved cross-laminate of
oriented films of the general type defined in the preamble
of claim 1 and improved processes and apparatus for

" manufacturing cross-laminates of this general type.
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Processes for production cross-laminates of oriented
films are known in particular from GB-A-1,526,722. In this
known invention, the uniaxial or unbalanced biaxial
orientation of the Zfilms is a melt-orientation and may be
very weak, but is always combined with the use of blends of
polymers, which are sufficiently incompatible for formation
of a two- or multiphase grain of polymer under the
influence of the melt-orientation, which grain has a very
significant influence or the strength properties of the
final cross-laminate. In order to enhance the tear-
propagation resistance the bonding between the films is a
generally weak bonding, but may be supplemented with a
stror.ig bonding in spots or lines.

The objective of this known invention is to provide
for a £ilm materiel which exhibits high strength properties
in all respects. One of its important uses is for bags and
similar packaging uses.

Further according to the above mentioned British
Patent, the transverse stretching which is subsequent to
the cross-sandwiching of the melt-oriented films (see the
introduction to claims 12 and 24) is preferably carried out
by passing the sandwich through several sets of mufually
intermeshing grooved rollers, the grooves of which are as
fine as practically pdssible. Also, the sandwich is
normally (but not necessarily) stretched longitudinally in
continuous manner between smooth rollers before, between or
after said steps of grooved rollers stretching. ' '
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of a two- or nultiphase grain of polynmer under the influence of the
melt-ori whi ch grain has a very significant influe t
strengt h‘9 r%zt@?fes of the final cross-I|am nate. In ordepﬁf%%@@
the tear- propagation resistance the bonding between the filnms is a
general |y weak bondi ng, but may be supplenmented with a strong bonding in
spots or lines. The objective of this known invention is to provide for a

filmmteriel which exhibits high strength properties in all respects. One
of its inportant uses is for bags and sim|lar packagi ng uses.

(I distinguish between "sandwiching" which may involve, but
needs not involve a bonding of the films to one another, and
"laminating” which always involves such bonding).

For obtaining optimum energy-absorbing properties (such as e.g.
shock-tear propagation resistance) the different stretching
steps, following the cross-sandwiching, are preferably carried
out at temperatures very much below the melting ranges of the
filmns, and may even be carrjed out at normal rocm temperatura.

Further according to the above mentioned British Patent, the
cross-lamination of films having a uniaxial or an unbalanced
bilaxia]l melt-orientation can be carried out already in the
extrusion process under use of counterrotating dieparts, but
can also be established on the basis of helical cutting of
melt-oriented, tubular films. Thus the tubular films can be
melt-oriented mainly in their longitudinal direction, helically
cut e.g. under 45 degrees after solidification, and subsequent-
ly sandwiched in such manner that the said main directions
criss-cross one another (i.e. become perpendicular to one
another If the cutting angles all have been 45 degr.).

In this connection, recent WIPO publication WO-A-89/12533
discloses particularly practical methods for spiral cutting of
tubular film, and also discloses a8 sujtable method to achieve &
melt-orientation, which, if desired, can be perpendicular to
the machine direction (i.e. the continous direction) of the
film., The last mentioned method consists in first hauling-
offthe tubular film from the extrusion die In 2 screw-movement
to give the tubular film & melt-orientation which forms an
angle (e.g. 30 degrees) to the axis of the tube, and then
helically cutting the tubular film (e.g. under 60 degrees). in
the way which increases the angle between the machine diraction
and main direction of melt-orientation. Thus, using the above
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Fur t her according to the above nentioned British Patent, the transverse

stretchin
nelt-orie

| | S subsequent to the cross-sandw ching of t
ﬂY(ggé}filg?*i (see the introduction to clains 12 and 2%’9393’00177

preferably carried out by passing. the sandw ch through several sets of

mut ual Iy internmeshing grooved rollers, 3t he grooves of which are as fine as
practically possible. Also, the sandwich is normally (but not
necessarily) stretched longitudinally in continuous manner between snpoth
rollers betentjohedvwerampleathat thed"sceewing "grisownderoBledaget. andhithg

cutting under 60 degr., the melt orientation will become
perpendicular to the machine direction after the haelical
cutting. This film can continously be sandwiched with a fi{im
which is melt-oriented mainly in its longitudinal direction
(the machine direction) to form a perpendicular criss-cross
arrangement. .

One of the features mentioned in the introduction to the
present claim 1 is that the cross-laminate exhibits a pattern
of striati{ons constituted by thickness variations. Such pattern
will always be formed as a result of the stratching between
grooved rollers - except i{f special precautions are taken,
which will be discussed later. Following the teaching of the
above mentijoned British Patent (see in particular figs. & and
9) these thickness variations which form a longitudinally
strjated pattern, will occur at random as a result of
interference between the stretching patterns in each step of
the grooved roller stretching. When not exaggerated, the
striated pattern can have a positive influence on the tear-
propagation properties and some positive influence on the self-
supporting capability (the stiffness when the material is bent
over a line perpendjcular to its continous dlrection).
However, if this random pattern of thickness variations is very
pronounced, it has a very negative influence on ue-v stabllity.
printadbility and the resistance to the passage of humidlty.
aroma substances and vapours. _

As a speclal feature of the technology, the individual films
can be blocked together by the transverse stretching together
between grooved rollers, and this effect can be controlled by
suitable surface layers on the films, which therefore
originally are produced by coextrusfon. In the coextrusion
process, there is also made provisions to give the final
laminate thin surface layers of desirable properties, in
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2 (1 distinguish between "sandw chi ng" which may invol ve, but needs not

I nvol ve_a bonding of the filnms to one another, and "l am nating" which

al ways MQ8B{1482& ch honding). For obtaining optimim energf@%ﬁ&%m%”
properties (such as e.g. shock-tear propagation resistance) the different
stretching steps, follow ng the cross-sandw ching, are preferably carried
out at tenperatures very nmuch below the nelting ranges of the filns, and
may even be carried out at normnal To n1tenperature

particular layers to improve heat-sea!lng or layers to control
the frictional properties.

Further developments of the known technology refaerred to above
are.dlsclosed in US-A-4 629 525. This describes a
stabilization process, in which a cross-laminate of the above
mentioned kind is heated while allowing at least 7% transverse
shrinkage {{.e. transverse of the continous direction of the
laminate_pnd.of the striations produced by the grooved rollers)
and praferably also & longitudinal shrinkage. Besides the
stabilizing effect, which means that the coldstretched laminate does
not tend to shrink further during use or storage at normal
temperatures, there are tmportant 51de-effects One is that the
above mentioned thickness varlations (the striation effect) can
become significantly reduced, since the transverse shrinkage
mainly takes place where the material is transversely over-
stretched. Another important by-effect is a significant
increase of the yleld point in the transverse direction. A

third effect {s increase of the weak bonding which orfginally .

is produced by the blocking-together of the sp!ral cut films
between the grooved rollers.

The transverse contraction is preferably obtained by feeding
the cross-laminate, while {t is pleated to a suitable extend
onto a heated roller (from where it may continue over more
heated rollers) so that the pleating gradually disappears while
the cross-laminate contracts.

This patent also discloses advantageous polymer blends for the
main layer of the coextruded film for this general type of
cross-laminates, in particular blends of high-molecular-weight- -
high density polyethylene and linear -low density or linear. -
low-density-1ike polyethylene at significantly lower molecular
weight than the first mentioned component, to which optionally
may be added polypropylene (as these cross-laminates are more
precisely definad in claims 25-29 of the above meniioned patent).
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Furtfher according toThidghealItyBediRapliconed British Patent, the

cross-lam nation of fil ni axi al or an unbal anced hi-axXg
el t - ori SXOM W28 an bHMiﬂl“&Er"Emal ready in the extrusi onpg‘?g%%gsm%]r?aer
use of counterrotating ) can al so be established on the basis
of helical cutting of nelt-oriented, tubuld& filns. Thus the tubular filns
can be nelt-oriented mainly in their longitudinal direction, helically cut

e.g. under 45 845addy,athersaidipatentuspacifdnnrtion disalcsaes thatderessd
| n such manner 1akihatds SPor filhArdcEarel O SackS- prarerablyAuidIld (bee,
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between 10° and 35° instead of 45°. Further improvements
S in the general type of cross-lamination technology
described above is disclosed in WO-A-88/05378. Here, at
least the first pair of grooved rollers is of special
construction and function. The grooved, fine, circular
"teeth” have inclined sidewalls, the sidewalls on the
10 cooperating grooved rollers match very exactly, and they
operate under a high roller’s pressure so that the
transverse stretching takes place not only by tentering but
also by squeezing or "lateral célendering" of the laminate
or sandwich (all as further described in that citation).
15 By this method it has been possible to manufacture
" above described cross-laminates in improved quality and at
highly increased production capacity. This increase is
made possible because two or more cross laminates can be
produced together in this process, and separated from one
20  another at the end of the manufacturing process.

The inventor has also combined into the technology the
embossment localised adjacent to heat-seals in a bag, which
is described in WO-A-89/10312 and which is adapted to
produce a shock-absorbing or force-controlling effect

25 thereby improving the drop strength of a heat-sealed bag of
oriented or rigid film material and filled with powder or
grénulated goods.

By a combination of the above mentioned inventions the
inventor has been able to manufacture in a commercial and

30 economically feasible process, heat-sealed heavy-duty bags
of cross-laminates in gauge e.g. 60-80 gm'z, which with
respect to yield point tensile strength, puncture
resistance, tear propagation resistance and drop-
performance have proven superior to bags from low-density

3s or linear-low-density polyethylene of the double gauge.
However, due to lack of self-supporting capability of the
cross-laminate in such gauges ("flimsiness") the bags have
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In this connection, r' Sneet cecat | on WO- A- 89/ 12533 di scl oses
particularly practical ﬂ piral cutting of tubular film and also
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deslred, can be perpendicular to the machine direction (i.e. the continous
direction) of the f I 1 m The last nenti®6ned nethod consists in first
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In this connection it is noted that the self-supporting
5 capability (which is a result of the stiffness of the film)
of a film of even thickness varies with the second power of
its thickness.

One major objective of the present invention,
therefore is to provide for a cross-laminate (of the above

10 described type) having significantly improved self-
supporting capability. Other objectives, will appear from
the description below. _

The special features of the product according to a
first aspect of the present invention appear from the

15 characterising part of claim 1. The special curved form of
the thicker ribs with immediately adjacent material, namely
bending to one side in the main body of the rib, and
oppositely near its boundaries, provides for high stiffness

_ when the cross-laminate is bent around a transverse line,

20 and the lower thicknesses between the ribs facilitates the
bending around a longitudinal line, which also is important
in manual or automatic handling of the cross-laminate,
since the necessary self-supporting capability of a sheet-
material often requires that the operator or the sheet-

25 handling machine gives the sheet a slight bending during
the operation. ' : -

The ribs are preferably arranged in a generally
regular pattern over substantially the entire width of the
sheet. It should be noted however, that the process (which

30 will be described later) can be quite:sensitive to the
influence of the different process parameters, a reason why
there can be quite remarkable deviations from the
regularity of the distribution and also of the rib-form.

Depending on the intended use of the cross-laminate,

35 the curved ribs can either, in an alternating arrangement,
protrude from both surfaces of the cross laminate (see
fig.2) or protrude from one surface only (see fig. 1).
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cuttlng This filmcan continously be

sandwi ched with a filmwhich is nelt-oriented mainly in its |ongitudinal
direction (the machine direction) to forma perpendicular criss-cross

A second aspect of the invention concerns an
inprovement of the above mentioned stretching method
described in WO-A-89/10312, which improvement in particular
is useful in connection with efficient manufacture of the
curved rib structure defined in claim 1, but also finds
other uses due to a high regularity of stretching which is
achieved. .

According to this second aspect of the invention there
is provided a method in which continuous polymeric sheet
material is biaxially stretched by a process comprising the
steps of:

1) combined transverse tentering and transverse squeezing
by action of compressionaliy working grooved rollers,

2) longitudinal stretching between rollers,

3) a second forming and transverse stretching between
grooved rollers.

This aspect will be further described after the

general description of the embodiments of the curved rib

structure and of the method for manufacturlnq this
structure.

Now returning to the first aspect of the invention,
the laminate with curved ribs, the average division between
neighbour ribs preferably is between 1 and 10 mm, measured
from peak to peak and taken as an average.

The average thickness of material between the
boundaries of the ribs, defined as the locations where the
rib thickness meets the average of the cross laminate in a
local region around and including the rib and several
neighbour ribs is at least 15% and preferably at least 30%
lower than the maximum thickness of the rib.

Thickness at a given point of the laminate surface is
understood as the shortest distance from that point to the

opposite surface. In the ribs, this is normally not the

distance along the route perpendicular to the surface in
the given point, because the two surfaces are not parallel.

The average thickness of the material calculated by
measuring the weight of a specified area of material (in



arrangenent. One of - thﬁlsfsmamasaeenxm:d)ned in the introduction to the

present claimil is that nate exhibits a Pat tions,
const i YOS/ 928 h cknes Such pattern will é@%ﬁ@lﬁzd as

aresult of the stretch be ween grooved rollers - except | f special
precautions are taken, V\:hl ch will be disgussed later. Follow ng the
teachi ng of the above nentioned British Patent (see in particular figs. 8

and 9) thesetﬁ&iwmmé Btaye) v&h&rtfammacﬂouudgaiidmlﬁne sivieraiged
g?ﬁ étegﬂl ng pé? randqﬁy&?f%&na Jl.af usen& etg %Taﬁcnc%h 3 V\a’?ﬁ ttge.
The average thickness is thus in the direction of
perpendicular to the overall plane of the laminate.
5 Comparing the thickness within the ribs with the
" average thickness of the material, it must be taken into
account that there normally is a considerable variability
in thickness of extruded film material (normally not less
than +/-5% and often +/-10%), that the-grooved rollers due
10 to bending can produce a lower degree of stretching at the
middle, compared to the edges, and that on the other hand,
the spreading action which follows the grooved rollers
stretching and which normally is carried out with banana
rollers, normally is most efficient at the middle.
15 Therefore the méntioned comparison must be on a local basis
and not a comparison with the average thickness of the
entire cross-laminate. '
Generally speaking it is found that the thickness
variations which are inherent in this first aspect of the
20 present invention, do not significantly reduce the strength
properties such as ultimate tensile.étrength . yield point,
tear propagation resistance, impact strength and puncture
. resistance. The reason for this is that the 1lower
thickness in portions forming 1longitudinal 1lines are
25 compensated by a higher degree of transverse orientation.
However, the di:op strength of the filled bag with powdered
or granulated goods and heat-sealed, can be significantly
negatively influenced by very thin portions. The bag could
then rupture along a 1line immediately adjacent to the
30 heatseal, in which line the material was melted during the
heatsealing and thereby 1lost all or most of the
orientation. In a preferred embodiment of the invention
therefore, generally substantially no local thickness is
lower than 30% and preferably no lower than 50% of the
35 average laminate thickness.
The éngle between two tangency planes on the concave
side of the rib near its two boundaries where this angle is
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different ribs and more preferably between 25 and 90
degrees. -
5 This is. of importance for the self-supporting
- capability, but also to give the cross-laminate a bulk and
to give it a resilient character when it comes under
vertical pressure. Such bulk and resilience is of
importance for the handling of the cross-laminate and is
10 also an objective of this first aspect of the present
invention.

The requirement that the surfaces of the material in
or adjacent to the boundaries of the ribs in the
tensionless state are bent in the opposite direction to the

15 respective surface in the rib results in the cross-laminate
" having a generally flat appearance rather than a generally
corrugated appearance. For instance in the cross-laminate

‘the surface of the rib which is convex in the rib becomes
concave at or near (usually just beyond) the boundary of

20 the rib. It may remain substantially concave until near or
at the boundary of the adjacent rib, for instance where the

two ribs are on the same surface of the cross-laminate.

The intention is that near to the boundary of the rib the
curvature of the surface becomes concave where it was

25 - convex and vice versa and the degree of curvature is
relatively high (i.e. the radius of curvature is low) near

to the boundary and then decreases before increases again
towards the next rib. The shape of the surface _of the
embodiment with adjacent ribs formed on the same side of

30 the cross-laminate can be thought of as having a wave-like
form with the thickened rib portions having a profile
similar to the positive (or the negative, as the case may

be) portion of the sine function but with the portion
between the ribs being relatively stretched out (along the

35 abscissa). For a cross laminate with ribs on alternating
surfaces the profile is again wave~like with the ribs
having a profile similar to the sine function (positioned

theé grooved roller st et hlﬁ% V\hen not exaggerated, the striated pattern




bet ween grooved rol |.gk epREdiect can be controlled by suitable
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This is the replacenent sheet 4 particpygar layers to inprove
heat -sealing or layers to control '

negative peaks) but again separated by stretched out
sections (along the abscissa).

The cross-laminate of the present invention thus

differs from the product disclosed in WO-A-8805378 and

5 illustrated in Figure 6 thereof. The laminate shown in

" figure 6 does not have thickened rib sections. Also the

surfaces of each side of the cross laminate are generally

sinusoidal in profile and do not have the stretched
portions between the maximum and minimum regions.

10 In the foregoing, the first aspect of the invention
has been described with a view to the application for bags
and similar applications, in which high stiffness in one
direction and much lower stiffness in the other direction
is desirable. However, in an embodiment of this aspect the

15 bigger thickness of the ribs and their u-like profile is

| éliminated, at least in part, in a pattern of transverse
lines. These lines act as "flex-lines" so that the cross-
laminate readily can be bent, not only over a longitﬁdinal,
but also over a transverse line. 1In this embodiment the

20 objective is the introduction of bulk and vertical
resilience in the cross-laminate, at the same time as this
is given a high flexibility, which is desirable mainly in
textile-like applications, e.g. for tarpaulins and cover-
sheets.

25 The elimination of thickness and u-shape can be
carried out by embossment at a temperature below the
melting point, care being taken not to ruin the transverse
tear properties, or by a stretching localised to the said
transverse lines, like the longitudinal stretching in UsS-A-

30 4,285,100 (Schwartz).

As a special feature of this embodiment the production
of these transverse "flex-lines" can be carried out at a
temperature which, in combination with the appliéd
pressure, produces a strong bonding, preferably a true

35 welding in these lines, while the rest of the cross-
laminate is kept.weékly bonded or not bonded at all. While
a generally weak bonding is necessary for the tear~
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lines" has the effect that the cross-laminate can be
repeatedly and strongly bent in both directions, as when a

5 tarpaulin flip-flops in a strong air jet, without
" delaminating. In fact the application of transverse "flex-
lines", which at the same time are lines of strong bonding,
is very useful not only for cross-laminates with u-shaped
ribs; but also for any cross-laminate of the type defined

10 in the introduction to claim 1.

As mentioned above in the description connected with
claim 1, it is often advantageous that the laminate shows
big resistance to bending around longitudinal 1lines, but
low resistance to bending along transverse lines. However,

15 there are also applications in which a high resistance to
bending is required in all directions, e.g. in the usual
manufacturing process for glued block-bottom bags. For
such applications, the laminate with longitudinal ribs as
described should preferably exhibit the additional feature

20 that it is undulated or zxg-zagging when viewed in its
longitudinal sections. -

This can be achieved in simple manner, e.g. in the bag
making line, by taken the laminate with the described rib
structure first through a first set of nip-rollers of which

- 25 one is a rubber roller and the other a gear roller, which
may be relatively sharp edged on the tips of the cogs,
operating so that the laminate gets a permanent bend around
these tips, and then through a second similar set of nip
rollers set-up to bend the laminate in the opposite

30 direction and so that the laminate alternately is bent in
one and the other direction. The longitudinal ribs of "U-
shape" as described have an important function in the
stabilisation of this bending. |

Preferred compositions for the cross-laminate of the

.35 first aspect of the present invention are tri-extruded
films with a main layer for strength in the middle and
minor 1layers at the surfaces for facilitated bonding
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consists of 10-30% low density polyethylene mainly of the

linear type, and the remainder high-molecular weight

S polyethylene, high molecular weight polypropylene or a

- combination of both. These are selected to give a high

stiffness in addition to high strength values and heat-
sealability. _ :

The process of the first aspect of the present

10 invention is for treatment of a cross-sandawich which is

stretched in the direction transverse to the direction of

advancement of the web through the process using grooved

rollers, and in the process the at least two films are

continuously laminated together: and is characterised in

15 that said transverse stretching is effected by forming

below the melting point of the thermoplastic material an

undulated cross-sectional shape on at least the cross

laminate of the cross-sandwich and during or after said

forming process, stabilising the tip portions of the

20 undulations on at least on one side of the cross-laminate

and transversely stretching the cross-sandwich between the

stabilised portions by the use of grooved rollers, this

stretching being adapted to maintain the shape or a memory

of the shape of the material in the stabilised portions of

25 the undulated shape and subsequently heat-treating the

.cross-sandwich so that the material between the stabilised

portions shrinks along a hypothetical plane 1lying

substantially midway between the surfaces of the cross-

sandwich in the local region of shrinkage in a direction

30 lying perpendicular to the direction of movement of the web

and if necessary, so that any stabilised portions of the

undulating memory of which has been retained in the grooved

roller transverse stretching operation are reshaped at

least in part, thereby to create a rib patterned cross-

35 laminate in claim 1 with thickened rib portions as defined

in claim 1.
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but not most efficient way of giving the tip-portions of
the undulated structure a stabilisation of the curved form
5 is by carrying out this forming close to the melting point
" of the material. The material is first heated to such
temperature and is then formed over one or between two
slightly intermeshing grooved rollers, the temperature of -
which is kept well below the temperature of the cross-
10 ‘sandwich so as to avoid that the material stretches on the
tips of the grooved roller or rollers. The cross-sandwich
is cooled down before the further prodessing. |

An alternative way of carrying out the stabilisation
is by cross-linking under use of irradiation. The curved
15 portions to become stabilised are irradiated, e.g. with
accelerated electrons while the rest of the cross-laminate
is not irradiated. A suitable cross-linking agent may be
added in the extrusion process. This may give a very
efficient stabilisation but is also relatively complicated

20 in practical production. '

. The most practical and efficient way of carrying out
the forming and stabilisation of the curved portions, is to
carry out these two actions as one process by use of
compressionally working grooved rollers. This means

25 grooved rollers, in which the grooves have outwardly
inclined side walls of. which each has a portion that
matches with (i.e. during the operation is substantially
parallel to) a similar portion on the opposite grooved
roller, and which grooved rollers are operated under a high

30 roller pressure to sgqueeze the material between these
parallel portions. Reference is here made to WO-A-
88/05378, which already has been mentioned in the
description of the background of the present invention, see
e.g. fig. 2 of said publication. For use in the first

35 aspect of the present invention, stretching of the portions
on the tips of the grooved rollers should be avoided or
minimised at least on one side of the cross-laminate, so
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Further inprovenents i type of cross-Ilam nation technol ogy
descri bed above is disclosed in WO A-88/ 05878. Here, at least the first
pair of grooved rollers is of special construction and function. The
grooved, finethatrthése portions become thicker than the portions which

have been squeezed.

The conditions can with advantage be adapted even to

increase the thickness of the cross-sandwich portions on
5 the tips of the roller grooves.

It was found that the forming under use of
compressional forces has an adequate stabilising effect.

There can accidentally occur a slight amount of
stretching at the very middle of a groove tip during

10 compressional stretching, resulting in a narrow thinner
portion at the middle of the génerally u-shaped rib, in
which thin portion the otherwise convex surface may
unintendedly become concave (see Fig. 4). As long as this
phenomenon does not disturb the general character of the

15 ribs, the product and method will still fall under the
scope of the invention.

In order to enable stretching of wide film under use
of  the high pressures for the squeezing and under
maintenance of a high precision in the fitting of the

20 grooved roller surfaces into each other, the stretching
arrangement is preferably divided into segments over the
width of the cross-sandwich as disclosed in detail in the
above mentioned WO-A-8805378, see figs. 3, 4 and S.

As already discussed above 88/05378 discloses that

25 what is intended to become two or more cross-laminates can
be transversely stretched together, one on top of the
other, between the compressionally working grooved rollers,
and then separated later. This procedure is particular
advantageous in connection with the first aspect of the

30 invention not only because of the higher production
capacity and improved quality of the surfaces which are
separated from each other, but also because the squeezing
of material into the portions on the tips of the grooved
rollers is facilitated when the cross-sandwich is

35 relatively thick during this operation.

The material needs not be longitudinally stretched
after being arranged as a cross-sandwich, however in most
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no matter by whlch means this stabilisation is carried out.

A particularly efficient and suitable way of producing

S the "U-rib" structure combines the second aspect of the

- present invention into this first aspect of starting the of

the cross-sandwich with a first compressional grooved

roller stretching, then the cross-sandwich is stretched

longitudinally, then again treated between compressionally

10 working grooved rollers, while this second compressional

grooved roller process is adapted to fit with the

undulations produced by the first compressional stretching

so that the action of the second compressional grooved

roller stretching increases the curvature and stabilisation

15 of the material in the rib-portions which was started

between the first compressionally working grooved rollers.

This "registration" of the two processes does not present

any particular problem, provided all three above mentioned

stretching steps are carried out in-line with the cross-

.20 sandwich passing from one roller to the next with only
short distances between said rollers.

During the 1longitudinal stretching over rollers
positioned close to one another, the undulations will
partly disappear due to tendency to shrinkage of the

25 polymer material in the transverse direction during
stretching in its longitudinal direction,” but there will
always be at least traces of the undulation left, and this
facilitates the "registration" of the second grooved roller
process.

30 Further details are disclosed below in connection.with
description of the second aspect of the invention.

The = total longitudinal stretching of the cross-
sandwich can with advantage be divided on two steps, one as
described above, and the .second following directly after

35 the second step of compressional treatment between grooved
rollers. Prior to this second step, the cross-sandwich is
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The cross-sandwich can proceed directly from the
second compressional treatment and after a subsequent

S longitudinal stretching Step to the heat-treatment under
- mild tentering or by ironing, but usually a higher degree
of transverse stretching is desirable before the heat-
treatment, and this may be carried out by use of a simple
grooved roller stretching process, “i.e. such that the

10 cross-sandwich touches the surfaces of the grooved rollers
only on the tips of the grooved surface pattern.

If only one step of compressional transverse
stretching has been applied (or another process for forming
and stabilising the curved portioris) + Such simple grooved

15 roller process has to be used in any case.

As a measure to maintain the memory of curved shape in
the stabilised portions of the cross-sandwich, this
stretching is preferably carried out near room temperature,
eg between 15-40°C. :

20 According to a further aspect of the invention there
is provided an improvement in a process of transversely
stretching a film as described in WO-A-8805378. The
process is for transversely stretching a film or film
sandwich by passage between intermeshing, driven grooved

25 rollers, which grooves are circular or helical, and in

- which the film touches the surfaces of the grooved rollers
only on the tips of the grooved surface pattern, and the
improvement is that in order to remove stretching heat and
keep the polymer material at the desired temperature during

30 the stretching, a flow of fluid medium, preferably air or
water, is directed through the nip of the grooved rollers
on one or both sides of the isolymer material. It was found
that this measure, in addition to preservation of the
memory of curved shape, also helps to make the stretching

35 even, and therefore this measure can with advantage be
applied to transverse stretching between grooved rollers of
any stretchable polymer film or film sandwich below its
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melting point, in particular when the material tends to

neck down instead of stretching evenly. This tendency to

necking will be most pronounced when the polymer material

is relatively stiff at the given temperature, and in the

5 case of cross-sandwiches when the angle between the main

" direction of orientation and the machine direction is
relatively low.

While this aspect of the process is generally
applicable to grooved roller stretching, the following

10 again concerns the achievement of the cross-sandwich with
u-shaped thicker ribs.

The cross—-sandwich will leave the grooved rollers in
an undulated form with an undulation which need not have
any relation to the original formation of curved portions.

15 The width of the cross-sandwich from edge to edge,
measured along the undulated shape, and divided by the
straight distance from edge to edge, indicates the average
transverse stretch ratio. A part of this stretching will
be eliminated by shrinkage during the heat-treatmeni:, while

20 a part must remain in the final product. The mechanically'
determined allowances for shrinkage and the temperature of
the heat-treatment must be carefully adjusted to allow the
straightening out of the material between the stabilised
portions, at the same time avoiding elimination of the

25 curved form in the stabilised portions, or allowing a
recover of this form, if it was lost before. '

This controlled transverse shrinkage can be carried
out in an oven, while the edges of the cross-sandwich are
guided by conveying devices, but more conveniently by

30 feeding the sandwich in an evenly pleated state to one :ore
heated rollers, the degree of pleating adapted to
establish, in conjunction xith the transverse shrinkage,
the needed low transverse tension. This is a new use of
the method for transverse shrinkage which is described in

35 US Patent No. 4,629,525 which already was referred to
above. By correct adjustment of the degree of pleating and
maintenance of a low longitudinal tension, the system will
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During this treatment, the bOnding between the
5 individual films can be increased to the wanted final
. value,

Preferably the cross-sandwich is also allowed a
longitudinal shrinkage simultaneously with the transverse
shrinkage. _' '

10 The control of the degree of pleating of the cross-
sandwich when it meets the heated roller or first heated
roller can be established by different methods of which the
preferred now shall be explained.

The cross-sandwich coming out of the grooved roller

15 unit is transversely tightened in a tenter-frame or by use
of banana-rollers or the like, and the intermeshing between
these grooved roller is adjusted so that the width after
the tightening is substantially equal to the desired final
width. In this state, the transversely tightened cross-

20 sandwich is fed to a last set of intermeshing grooved
rollers, which are set to give exactly the desired degree
of pleating. No spreading-out is performed between this
last set of grooved rollers and the first heated roller.

In order to establish the correct conditions for the

25 contraction, the degree of pleating at the entrance to the
heating~treatment preferably is at such a value that there
still are a few narrow pleats in the material as this
leaves the last heated roller and these pleats are then
removed by very mild tentering, e.g. with a banana-roller.

30 After the heat-treatment, the cross-sandwich is cooled to
ambient temperature. If the process involves separation of
the sandwich to several cross-laminates, this is preferably
carried out as a last step.

As it appears from the descrlption of the background

35 of the invention, the known technology to which the
invention is connected, starts with a generally uniaxial
meltorientation, which normally is a very weak orientation
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meltorientation. The scope of the present invention is

neither limited to the use of such blends, nor to the use

5 of weakly melt oriented films for the cross-sandwiching.

. The tubular films which are uniaxially or unbalancedly

biaxially oriented and spiral cut, may have received this

orientation below the melting point. In this connection it

is observed that strongly or medium-strongly oriented film

10 (uniaxially or unbalancedly biaxially oriented) which after

cross-lamination are further stretched, usually thereby

receives a very strong tendency to curl up along one of the

main axes of orientation. However, by use of the first

aspect of the present invention this tendency is interacted

15 by the u-formed ribs, and a much stronger uniaxial

character of the initial films is possible, when this is

desirable. The achievement of this effect is a further
objective of the invention.

The following concerns the second aspect of the

20 invention, the improved stretching method. It should be

| noted that the second forming ‘and stretching step

preferably but not necessarily also is carried out

compressionally by combined transverse tentering and

transverse squeezing action. As it appear from the

25 foregoing, this second aspect in particular is suitable as

first step or steps of the manufacture of the "U-rib"

laminate, namely for forming and stabilising the curvature.

However, the method can with advantage also be used for

6ther purposes. Thus, if subsequent processes are not set-

30 up as explained above for maintaining or for recreating the

"U-structure", the final product may be completely without

such curvature, but can exhibit a regularity which is

unusual for sheet material stretched between grooved

rollers.

35 ' By a subsequent calendering process, which even may be

carried out at room temperature, it is easy to make the

thickness perfectly even if this is desirable. Examples 2
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explain the differences between the process steps used to
arrive at these configurations.
It should also be mentioned that, although this

. stretching method in particular finds uses in the

manufacture of cross laminates, and more specifically in
the manufacture of cross laminates from polyolefins, it is
applicable in general to all kind of thermoplastic,
stretchable sheet material including sheet materials which
are not laminates.

There are two alternatives for coordination or
"registration" of the two steps of compressional transverse
stretching and forming, one being to adjust the division
between the undulations on the sheet entering the grooved
rollers of the last forming step and the division between
the grooves of these rollers to fit with each other. 1In
this connection it is noted that, due to elastic recovery
forces, the undulated sheet leaving the grooved rollers of
the first forming step will try to expand with relatively
big force, thereby tending to increase the division between
the undulations, On the other hand the sheet will try to
contract in the transverse direction during the
longitudinal stretching process, also with a relatively big
force, and thereby will tend to reduce this division. By
appropriate choice of process conditions these opposite
tendencies can be brought to outbalance each other, but
normally this will not be a convenient way to make the
"registration®, because it sets strict 1limits for the
choice of stretching ratios, roller pressures and
stretching temperatures. However, if the net expansion or
contractions (as the case may be) is found experimentally

‘under the wanted conditions, the grooved rollers of the

second forming step can be constructed with a precalculated
division between the grooves, and an exact fitting between
this division and the undulations can be achieved by small
adjustments of the process conditions.

sitive to the influence of the different process

zf'ﬂt iaé g’ﬁi iﬂ yPERSLEBY. 41 fferant Lontigurations ofi Bbretehed t he
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It should be noted that, when the undulations are
deep, they show a pronounced tendency to "fall into track"
on the grooved rollers of second forming step. Therefore,
if the division of these grooved rollers and that of the

S undulation do not exactly fit to each other, there will

| still be "registration" at intervals along the width of the
sheet and these intervals may be relatively wide and
together cover most of the width, but between these
intervals of T"registration" there will be narrower

10 intervals in which the structure will be irregular.

The alternative way of achieiring the "registration" is
by using for first and second forming process grooved
rollers of the same division, while keeping the distance
between each set of rollers which the sheet passes over

15 between the first and second forming processes sufficiently
low to force the sheet to keep constant the division
between the undulations of the sheet. Preferably the
forces acting to keep the division between the undulations
constant are increased by supplying rollers which the sheet

20 passes over after leaving the grooved rollers of the first
forming process and before meeting the grooved rollers of
the second forming process, with guiding tracks, of the
same division as the division on the grooved rollers for
the first and second forming process.

25 If smooth rollers are used between the two forming
steps, but still using a very short distance between each
set of rollers, there may occasionally come irregular bands
in the sheet, but in general the structure will become
regular.

30 : In a further embodiment of the stretching method the
grooves on the rollers for first and second forming process
are adapted to squeeze the sheet within bands only the
sheet portions to become peaks of the undulations are not
squeezed, and so that the squeezed bands of the first

35 forming process are wider than the squeezed bands of the
second forming process
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the special feature of this embodiment is that the first

forming process exerts its squeezing action over wider

S areas efficiently undulated when it meets the grooved

rollers of second forming process and therefore best apt to

"fall into track", while on the other hand the narrower

areas of squeezing during second forming step secure that

there can remain thicker "ribs" in the final product when

10 this is wanted,fe.g. for the "U-rib" structure which is
described in detail in this specification.

The sheet coming out from the second forming process
may be used as it is for special purposes, but normally
further longitudinal and/or transverse stretching processes

15 are carried out subsequent to this second forming process,
' e.g. for manufacture of the described "U-rib" laminate.

In this connection, an embodiment is characterised in
that the sheet is heated prior to the first forming
process, kept at substantially unchanged temperature before

20 and during the second forming process, and is cooled before
the subsequent stretching. This cooling helps to preserve
the curvature or memory of curvature as needed in the
manufacture of the described "U-rib" laminate. It also
enhances tear strength of the final product and improves

25 the evenness of transverse stretching between grooved
rollers, when this stretching is followed by a heat
treatment under transverse shrinkage. (as described in the
introduction to this specification).

Finally an embodiment is characterised in that the

30 sheet is subjected to calendering between smooth rollers
subsequently to the last transverse stretching step which
is carried out before final use of the sheet.

As already mentioned, the stretching according to this
second aspect of the invention produces a regularity which

35 is unusual high compared to known stretching processes
under use of grooved rollers, even when a low stretching
temperature is chosen as required for several purposes. If
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Now returning to the first aspect of the iggention, the lamnate with
curved ribs, the average division between nei ghbour ribs preferably is

between 1 and ¢feMBrreddiiy preseBsaladcordidlg 66 tRESN sifcehll JABpaesE,
including the subsequent stretching steps, do not alone
give a fully even sheet thickness and if this required, the
evenness ‘is easily achieved by the mentioned calendering
5 even when the temperature during the calendering is at or
- about room temperature, e.g. up to 50°C.

The invention also comprises apparatus to carry out
any of the embodiments of the method according to both
first and second aspect. The construction of such

10 apparatus appears from the description of the method and
also from the apparatus drawings.

The invention is illustrated in the accompanying
drawings in which: .

Fig. 1 shows the embodiment of the product in which the u-
15 shaped ribs protrude from one surface only,

Fig. 2 shows the embodiment in which they protrude from

both surfaces, '

Fig. 3 shows a rib and adjacent material more in detail,

Fig. 4 shows an irregular rib, still falling under the
20 scope of the invention and

Fig. 5 show a preferred process line for the "U-rib"

structure of the first aspect of the invention and for the

second aspect of the invention as a flow-sheet.

Figures 6A and 6B shows a schematic representation of

25 apparatus suitable for carrying out the process of Figure
5.

Figures 7 and 8 are sections through pairs of grooved
rollers at their surfaces in the nip. '

Fig. 9 is a schematic representation of a 1line

30 suitable for carrying out the process of the second aspect
of the invention. '

Fig. 10 is a section through one of rollers of Fig. 9
at its surface. _ :

Fig. 11 is a section through another of the rollers of

35 Fig. 9 at its surface.

Figs. 1 and 2 show the thicker ribs, which have cross-

section of form like a flat U, and the bendings in the
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surf aces are'lmﬁ g,g@gsrggction of the cross-laminate shown in fig. 1_

will normally be formed when eg four films are taken

together in the "Lateral Calendering" process (i.e. through

5 the compressionally working grooved rollers) are separated

" into two cross-laminates at the end of the process line,

provided there is only wused one step of "Lateral

Calendering”. In the more efficient procedure in which two

mutually registered "Lateral Calendering" steps are used

10 with longitudinal stretching in between, the cross-section

of fig. 2 will normally be formed. This cross-section will

also normally be the result of using one "Lateral

Calendering® step alone without any separation following.

Fig. 3 illustrates the definition of the angle (v)

15 which is the angle between the two tangency planes on the

concave side of the rib near its two boundaries at the

locations where this angle is maximum, is at least 10°,

taken as an average for the different ribs. across the

The average thi cknes et ween the boundaries of the ribs, ’
defined as the Iocat W I?efib t hi ckness nmeets the average of the

_ cross-laminate.

20 Fig. 4 shows a rib-shape V which can be formed if a
slight amount of stretching has taken place on the fip of
the rib-forming grooved roller. This deviation is
acceptable as a compromise to enable the use of cheaper
machinery.

25 _ The flow sheet fig. 5 summarises the most preferable

procedure, which involves two steps (steps 4,6) of "Lateral
Calendering", and the process steps to form the ribs of the
laminate (steps 9,10) has been described in detail in the
foregoing.
30 Example 1
This example is based on example 3 WO-A-88/05378, with
some variations as explained hereinafter.
The example relates to the manufacture of a high-
strength cross-laminate in a commercial process using a
35 technique in which the sheet is stretched and laminated
while in double thickness and is separated at the end of
the process. Each layer is a coextruded film and contains
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the | am nate.
(1) one surface layer which acts as release layer in the

manufacturing process, and which at the same time improves
the heat-sealing properties (in the following referred to
as release/seal layer) and

5 (2) another surface layer which promotes the bonding
‘(blocking) of the plies of the laminate to each other.

A tubular film is extruded comprising a main layer in
the middle, in which 1layer the strength essentially
resides, and the above mentioned release and lamination

10 layers.

The three layers form 15%, 10% and 75%, respectively,
of the total film.

The gauge of the extruded film is 62 g m2. The main
layer of extrusion consists of 70% HMHDPE of density 0.95

15 (melt flow index about 0.05% according to ASTM D-1238
condition E) 20% LLDPE of hexene type and melt flow index
0.8 (ASTM D-1238 condition E)and 10% homo-polypropylene of
melt index 0.3 (ASTM D-~1238 condition L).
The release/seal layer consists of an intimate blend
20 of 70% of the same LLDPE + 30% EPDM (ethylene-propylene-
dimene) melt flow index about 0.4 (ASTM-D1238 condition E)
of trade-name'“Nordel NDR 5715.
The extrusion temperature is 240°C, the diameter of
the annular extrusion orifice is 385 mm and the blow ratio
25 1:1.2. Each of the tubular films is cut helically under'an
angle of 30° and four such films, each having a width of
about 1250mm, are laminated and stretched with the surface
layers facing one another in the following sequence:
(1) lamination layer to lamination layer,
30 (2) release/seal layer to release/seal layer,

(3) lamination layer to lamination layer.

Initially, the assembly of the four films, which still
are not bonded together, is preheated on a pair of rollers
to about 50°C and fed under tension into the apparatus

35 shown in Figures 62 and 6B as described further below.

The apparatus of Figure 6 comprises a long grooved

roller 9 and mutually staggered rows of short grooved
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ach groove comprises a base 6a or 6b, outwardly inclined
side walls 5a or 5b and a peak 7a or 7b. The side walls Sa
5 and 5b of opposing rollers are parallel over a portion of
- their length. Each base 6a and 6b is of a size such that
the film is not under compression between the peak and
base, even though it is under compression between the side
walls 5a and Sb. This is achieved by shaping each base so
10 as to provide a small space 8 between the film and the
base. The peaks 7a on one roller are preferably separated
by about 1 mm, in the actual example 1.4mm. The angle of
between the parallel portins of the side walls is 55° and
the radius of curvature on the tips 0.20mm. The rollers 10
15 and 11 are mounted so that they can be pressed against the
roller 9 with any chosen force. In practice the roller 9
is driven (by means not shown) and the rollers 10 and 11
can then be driven by the roller 9 through the sheet 4.
The apparatus includes a longitudinal stretching unit
20 consisting of four smooth rollers 17, 18, 19 and 20 (19 and
20 forming a nip) driven at a speed so as to give the
desired degree of stretching, and it also includes at least
two further pairs of intermeshing grooved rollers 21, 22
and 24, 25. These are of the design shown in Figure 8 and
25 are all driven rollers. '
Conventional intermeshihg rollers A and B for the
transverse stretching of a film 4 are shown in Figure 8 and
have circular grooves formed of a base 3a, 3b side walls
2a, 2b and peaks la and 1b. The peaks on one roller have
30 a separation of about 4 mm. -
After the first set of conventional grooved rollers
21,22 the cross-sandwich is passed over banana roller 23
which mildly tenters the cross-sandwich and spreads it by
eliminating the pleats formed by the grooved rollers 21 and
35 22,
The film is then passed through the second set of
conventional grooved rollers 24, 25 to form a pleated shape



and not a conparlson mnth thE a ggg@m&hlckness of the entire

cross-lamnate. GCeneral s found that the thickness
vari ati onWQR/AA928 ¢ i nh ’mm irst aspect of the prd&eH{{GB3/00177
‘the strength properties such as

i nvention, do not S|gn|f _ : _
ultimate tensile strength, yield point, tea7 propagation resistance, inpact
strength and puncture resistance. The reason for this is that the

| ower thi cknesand,n witiioutnfurthier tgenteningydthebughi heatagereieessated

by a higher de%roe,e%oztpsdw gé,le{ghe 'pﬂ'oei‘m a{hgnplgg)ég ctotssgsgkgaichren%h of

the filled bag wt
rollers 21, 22, 24 and 25 provide the transverse stretch to

the laminate. The film must be relatively cold whilst
5 progressing through those rollers or the memory of the
increased thickness portions will not be retained.
Therefore an air jet of ambient temperature is blown
through the nip of the grooved rollers 21, 22 and 24, 25 on
both sides of the cross-sandwich to cool the sandwich and
10 remove stretching heat, thereby also minimising the
tendency to "necking". The ambient temperature is 33°C
(the trial carried out in a tropical country).
The long roller 9 is formed of 25 segments of hardened
steel each 60 mm long and the two rows of short rollers,
15 each comprising 13 rollers, are also formed of hardened
steel and each matches a segment. Each segment terminates
at each end in a half-groove which is about 0.05 mm wider
than the half width of the other grooves, so as to allow
for inaccuracies in assembling the rollers and at the same
20 time prevent narrow regions of the film sandwich from
becoming strongly squeezed by end teeth on the rollers 10
as well as be end teeth on rollers 11. The segments are
firmly screwed together axially on a common core. The
segments have a diameter of 200mm and the short rollers a
25 diameter of 150 mm. The film speed entering the rollers is
about 25 m/min. ' ' |
The roller pressure on the grooved rollers 9, 10, 11
is adjusted to a value which is as high as possible without
getting holes in the cross-sandwich, in actual fact to 200
30 kilo per cm length. '
As already mentioned the cross-sandwich is preheated
to 50°C. The rollers for "Lateral Calendering" (9, 10, 11)
and for the subsequent longitudinal stretching (17 to 20)
are kept at 40°cC.
35 The longitudinal stretching is set to give a stretch
ratio 1.25:1 in the final product.
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give the final transverse stretch ratio 1.33:1. The final
area stretch ratio therefore is 1.25 x 1.33 = 1.66:1.
Since the original film gauge is 62-gxn'z and the final film
is two-ply, this means the final gauge should be

(2 x 62):1.66 = 75gm . The final gauge is also directly
verified as mentioned below. ; :

Thus, 1like in the mentioned example 3 of WO-A-88-
05378, the cross-sandwich leaving the first set of grooved
rollers (21, 22) after the "Lateral Calendering" (9, 10,
11) and longitudinal stretching (17 to 20) is mildly
tentered over banana roller 23 before entering the second
set of conventional grooved rollers, 24, 25. The distance
from edge to edge of the cross-sandwich is kept constant
after the passage through the second set of grooved rollers
24, 25, but unlike the conditions in the said example, the
second longitudinal stretching is omitted, and the pleated
material goes directly to the heated rollers 26, 27 for the
heat treatment. These rollers are heated to 80°C, and at
the end of this treatment, the material has practically
reached this temperature.

The longitudinal tension between the last set of
grooved rollers 24, 25 and the first heated roller 26, is
kept high, whereby the pleats introduced in the material by
these grooved rollers can be kept very evenly distributed,
but at the entrance to the heating treatment, the
longitudinal tension is reduced to a practical minimum,
(i.e. beyond roller 26) so that friction between the heated
rollers and the material is kept low to allow elimination
of the pleats by transverse shrinkage. Also, a high
tension here would cause a too strong ironing effect. The
low tension further allows the material to stretch in the
longitudinal direction, thereby stabilising this dimension.
In order to enable the mentioned change of tensions, roller
29 is driven at a controlled velocity and forms a nip
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. together with rubber roller 28. 27 and 28 are idle

rollers.

Between the heat-treatment unit 26, 27 and cooling
unit rollers 29 and 30 there is installed a very mildly
acting banana roller 31 for spreading. 29 and its counter-

- nip roller 32 are driven, while 30 is idling. The tensions

along the line are controlled by tension-control-rollers,
32, 33, 34, 35 and 36

The intermeshing between the last pair of grooved
rollers 24 and 25 is very carefully adjusted so that there
still are some fine pleats in the material as it leaves the
last roller of the heat treatment, but no pleats after the
mild banana roller action. _

Like in the mentioned example 3, the material is

. separated into two cross-laminates by peeling apart between

the second and third films.

The cross-section is examined in microscope, and the
self-supporting capability judged by bending over an edge,
with a strip acted by its own weight.

Different samples of ordinary LDPE-film are similarly
tried for comparison.

The cross-section is of the type shown in fig. 1, with
the angle v (reference to fig. 3)'typica11y being 30° and
the thickness at the middle of the ribs is about 1.5 times
the average thickness between the ribs.

The self-supporting capability according to the
mentioned test corresponds to that of a 140 gm'z LDPE-film,
while the gauge of the cross-laminate is found to be 73
g m? which agrees closely with the calculated value
mentioned above. '

Example 2

One objective of this example is to demonstrate the
2nd aspect of the invention, in which a sheet in two steps
is transversely stretched = and formed between
compressionally working grooved rollers in a "registered"
system with longitudinal stretching between these two
compressional stretching and forming steps.
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t he tenS|onIess state are bent e opposite direction to the respective
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becomes COnCaﬁgféic&{apea£f£féfgkLy bggEeQﬁ¥gndaeag§nboun%ﬁ“&ﬁg cross
sectional configuration shown in Fig. 2, i.e. the
configuration in which the convex side of the ribs, in
5 alternating arrangement, is on one and on the other side of
- the cross laminate (contrary to the arrangement resulting
from the procedure of example 1).
The process follows the flow sheet of Fig. 5, except
that there is applied a 2nd longitudinal stretching step
10 between steps 6 and 7.
The composition of co-extruded f£film, extrusion
conditions, conditions of spiral cuttiﬁg and arrangement of
4 spiral-cut films for lamination all are as described in
example 1, except that the gauge of each of the co-extruded
15 films in one trial is 65 gm and in another trial 130 gm
Thus, the sandwich used in the process consists of 4 films ‘
each with a 30° angle between the longitudinal film
direction (the machine direction) and the direction of
melt-orientation, and with the directions of melt-
20 orientation arranged such that the 2-ply laminate which
come out at the end of the line both are cross laminates.
The combined stretching, lamination and forming of "U-
Ribs" is carried out in the line shown in Fig. 6a, except
that the apparatus indicated by a box now is the roller-
25 line vwhich schematically is shown in Fig. 9.
General description of the stretching line and - process:

| mportance for the h]g Beeh iskPss-1amnate and is aI SO0 an obj ective
H

The first step of compressionally transverse
stretching and forming takes place between : On one side
of the film-sandwich the grooved roller 37, and on the

30 other side the 2 mutually staggered rows of short grooved
rollers 38 and 39. The similar 2nd compressional step
takes place between the grooved roller 40 and the 2 rows of
short rollers 41 and 42.

Each of these sets of apparatus for compressional

35 stretching and forming consists of (see Fig. 6B) rcller 9,
staggered rows of short rollers 10 and 11 and connected
equipment 12, 13, 14 and 15, and the surface pattern on the
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can be thou as having a wave-
mentioned below.

In order to withstand the high forces of the

S compression, each of these grooved rollers is made of

hardened steel. The surface pattern is machined with an.
accuracy of +/- 5 micron. |

The 4-ply film-sandwich comes from a roller unit (not
shown) in which it is heated to 60°C. It is taken-up by

10 the smooth nip-rollers 43/44 before it meets the grooved
rollers 37, 38, 39 for first transverse stretching and
forming. From 37 it passes into the first longitudinal
stretching apparatus consisting of rollers 45, 46, 47 and
48 and then meets the rollers 40, 41 and 42 for 2nd

15 transverse stretching and forming. In order to "register"
the two forming steps, the surfaces of rollers 45 and 46
have guiding tracks as shown in Figs. 10 and 11. Further
about ' this guiding will be mentioned later. The main
longitudinal stretching in this part of the machine takes

20 place between rollers 45 and 46.

The stretched sandwich then passes into the 2nd
longitudinal stretching apparatus consisting of the smooth
rollers 49 to 55 and continues further as shown in the flow
sheet Fig. 5, or in other words through the steps which in

25 Fig. 5 are numbered 7 to 12. As it appears from this, the
cross laminate of 4 films is split into two biaxially
stretched 2-ply laminates at the end of the entire process
line. |

All rollers are supplied with drives, except the

30 rollers in the staggered rows 38/39 and 41/42, and except
rollers 44, 48 and 55 (which are driven only from the
counter rollers through the film-sandwich). 44, 48 and 55
are rubber coated rollers used to form a nip, while all
other rollers are steel rollers and have an internal water-

35 circulation either for maintenance of the temperature of
the film-sandwich or for cooling, as the case may be (see
below) .

the rib. It may renthgsﬁmgg&;]h%g jconcave until near or at t he boundary
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Temperature:

As mentioned, the sandwich which is fed between the
nip rollers 43 and 44 already has been heated to 60°C in
apparatus not shown. Roller 43 is also heated to the same
temperature. The compressionally'working grooved rollers

.37, 38 and 39 ought to be maintained at a slightly lower

temperature than the film-sandwich. Should they by mistake
get a higher - temperature there will be a risk that
“necking® will occur in the middle of the ribs as shown in
Fig. 4, or deeper than shown. Therefore roller 43 and the
bearings and housing in which the short rcllers 38 and 39
are nested are kept at 50°C and there is constantly blown

ambient air on 38 and 39. Ambient temperature about 20°C.

After the 2nd transverse stretching and forming process,
the laminate is cooled to-about 20°C before any essential
further stretching, and the laminate is kept at about this
temperature at all steps before the heat treatment.
Therefore rollers 49 to 54 in Fig. 9 and 21, 22, 24, 25, 26
and 27 are kept controlled at the temperature 20°C.

1 1 SEP

The main longitudinal stretching during the 2nd step"

takes place between 52 and 53, whereby the laminate can be
sufficiently cooled by the passage over rollers 49 to 52.
Like in Example 1, the temperature of the heat treatment
rollers (29 and 30, see Fig. 6A) is kept at 80°C.
Velocities of rollers, stretching ratios

When velocities of rollers are mentioned in the text
below, this refers to the circumferential velocities.

The velocity at the end of the total stretching line,
i.e. after separation into the 2-plies cross lamlnates, is
set to 60 m/min (1 ms’ ).

In order to avoid wrinkles, the roller 37 runs 5%
faster than roller 48, and in order to secure a precise
transfer to roller 45, this moves 5% faster than roller 37.
The ratio of velocities between rollers 45 and 46, which
establishes the main longitudinal stretching between the
two forming steps, is variable. The adjustment of this



10 riégative peaks) butthiaGritt.SERARAISE DY Stretched out sections (along the

absci ssa)g present invention thus P‘Eélf
) Iﬂ%ﬁg’ﬁ and illustrated in Figur ’éﬁf’%’é‘%@p
ot have thickened rib sections. Also

oss- |
the produ Pg}z‘é sed i
The | am nate shown in f _ _
the surfaces of each side of the cross |anBBate are generaILy S|n950|dald
' ' d not have the stretched portions between the maxi num an
h?nfaﬁailggﬁgngTil be mentioned later. pRoller 47 moves at the same

velocity as 46.

In order to produce optimum strength properties, the
longitudinally stretched laminate is preferably relaxed, at

5 least in part, between rollers 47 and 40. Therefore the

. ratio between the velocities of these rollers is also
variable. It is adjusted subjectively to a value which
gives about minimum tension in the 1laminate without
creation of any wrinkles.

10 The smooth longitudinal stretching rollers 49, 50, S1
and 52 mutually move at the same velocity, which is 5%
faster than that of 40. The ratio between 52 and 53 again
is variable (about the adjustment: see below). 54 and 55
move at the same velocity as 53. The setting of tensions

15 during the rest of the stretching line (see Fig. 6A)

| corresponds to what is written in Example 1.

The intended longitudinal stretch ratio in the final
product is 1.35 : 1. This is achieved by trial and error,
while varying the ratios of velocities between rollers

20 45/46 and 52/53, at the same time keeping these two ratios
equal. _ _

The intermeshing of the first set of grooved rollers
(21, 22) used after the full longitudinal stretching is set
to give the final transverse stretch ratio 1.35 : 1, i.e.

25 the same as the longitudinal stretch ratio. The final area
stretch ratio therefore is 1.35 x 1.35 = 1.82 : 1. This
corresponds to a final gauge after separation into two 2-
plies, of in one trial 65 X 2 : 1.82 = 71 gm'z and in the
other trial 1.30 x 2 : 1.82 = 143 gm'%, which also is

30 established directly. Like in Example 1, the intermeshing
between the last pair of grooved rollers (24, 25) is very
carefully adjusted so that there still are some fine pleats
in the material as it leaves the last roller of the heat
treatment, but no pleats after the mild action of banana

35 roller 31. '

Pattern of roller surfaces, distance between rollers,
diameters of rollers, roller pressures
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7. More specifically, the angle between the parallel
portions - of the surfaces of the grooves is 55° and the
5 division measured from middle to middle of each tip is 1.60
-mm, i.e. 0.2 mm bigger than that used in Example 1. The
reason for this is that the machine must be able to stretch
a heavier sandwich, namely in the second trials 4 x 135 gn
which is equivalent to about 600 micron thickness.

10 The radius of curvature on the tips are: on rollers
37, 38, 39 0.20 mm and on rollers 40, 41, 42 0.30 mm.
Under the prevailing circumstances, the 0.2 mm has been
found to be about the smallest which can be applied without
creating a neck as shown in Fig. 4, and it leads to a very

15 efficient waving of the cross section of material, with the
result that the laminate easily "falls into track" on the
following rollers. '

The reason why the radius of curvature on the tips on
the rollers 40, 41, 42 is bigger than this, namely 0.30 mm,

20 is that the squeezed, band-formed portions in the second'
forming process then become narrower than the squeezed
band-formed portions in the first forming process, which
has the effect that the thickening of the ribs becomes more
pronounced. If the stretching line were destined only for

25 manufacture of cross laminates without the "U-Ribs" (as the
final products in Example 3) it would have been more
convenient also to use 0.20 mm as radius of curvature on
the tips of rollers 40, 41, 42. '

Rollers 45, 46 and 47, which have the function to

30 transfer and longitudinally stretch the laminate without
bringing the waved configuration out of order, have much
more shallow grooves (tracks) with the same division as
those on the grooved rollers for compressionally forming
and stretching. On roller 45, the angle between the roller

35 axis and the surfaces of the grooves is 45°, by which they
approximately fit with the configuration of the waved
cross-sandwich (see Fig. 10) while the corresponding angle
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rmit the laminate a transverse contraction to which it
naturally tends during the longitudinal stretching.

The statement above that the grooves (tracks) on the

5 longitudinal stretching rollers have the same division as
the grooved rollers for compressional stretching and
forming, must be understocd on an average basis as follows:
like in Example 1, the long grooved rollers are formed of
segments (in this case each segment is 80 mm long) screwed

10 together on a common core, and each segment terminates at

~ each end in a half-groove which is 0.05 mm wider than the

half-width of the other grooves. (Explanation: see Example

1). This extra 0.05 mm at each end of each segment is

taken into consideration in calculation of the ave:‘:age

15' division, so that errors don’t add up from roller to
roller. _

The waved laminate exhibits a strong tendency to
expand laterally before the longitudinal stretching, while
the longitudinal stretching creates a tendency to contract

20 laterally. Under the stretching conditions selected in
this example, the tendency to expand is prevailing, under
other conditions it can be oppositely. However, the tracks
on the rollers have the function to avoid any expansion or
contraction. In order to achieve this effeét, the distance

25 between rollers 37745, 45/46, 46/47 and 47740 are only a
few mm each and are adjustable. These rollers are very
precisely lined-up to keep the waved laminate properly "in
track". To this end, the frames for the rollers is made
sufficiently stiff, and there is chosen a relatively big

30 diameter (300 mm) for all rollers which otherwise by
bending could disturb the alignment. The other driven
rollers have the same diameter (300 mm) but in this case in
order to get sufficient heating/cooling surfaces.

 The distance between 43/37 and between each pair of

35 neighbour rollers in the row 40 - 54 are less critical and

are chosen to about 20 - 50 mm each. The bearings and
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bondi ng | ocalfiratié worlids far@anged in such a way that the rollers can
be brought apart during threading of the line.

The short grooved rollers in rows 38/39 and 41/42 have
diameter 150 mm as in Example 1. The pressure between

5 these rollers and their corresponding long rollers 37 and
40, respectively, is set at the highest value which can be
applied without making holes in the cross-sandwich. With
feeding of 4 x 65 = 230 gn'z film-sandwich, a roller
pressﬁre of 200 kg per cm roller length is chosen, and with

10 feeding of 4 x 130 = 520 gm'z film-sandwich a roller

' pressure of 300 kg per cm roller length.
Results

Sampies from the 71 gm'z cross-laminate is tested in
the same way as in Example 1, while samples from the 143

15 gm'z cross-laminate only is tested by the microscopical
examinations. Both sets of samples show the convex side of
the ribs in alternating arrangement on one and on the other
side of the laminate as shown in Fig. 2. The gauge between
the ribs is clearly more even than observed on the laminate

20 of Example 1. The angle v (reference to Fig. 3) typically
is about 40° on one side and 30° on the other side, and the
thickness at the middle of the ribs is about 1.8 times the
average thickness of the material between the ribs.

The self-supporf:ing capability according to the test

25 mentioned in Example 1 for the cross-laminate of gauge 71
gn? corresponds to that of a 160 gm™> LDPE film.

Compared to the simpler and cheaper process line used
in Example 1, the process used in Example 2 has the
following advantages:

30 1. It can make the convex side of the ribs alternately on
one and on the other side (Fig. 2) even when the material
is separated in the middle at the end of the process.
2. It can produce the "U-Rib" structure at higher linear
velocities. .

35 3. It can operate with thicker material.
4. The material between the ribs becomes more even.
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strongly bent in both directions, as when a tarpaulin flip-f
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menti oned abogpgampliehe description connected with claiml1, it is often
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procedure of Example 2 can be modified to make a cross-

laminate without "U-Ribs", when this is desirable, and in

5 this connection demonstrate the advantages of carrying out

-the two compressional transverse stretching steps in
"registered" manner.

The procedure of Example 2 is repeated in exactly the
same way except as follows:

10 1. Longitudinal and transverse stretching ratio as
measured at the end of the process each is 1.40 : 1. Areas
stretch ratio therefore 1.40 x 1.40 = 1.96 : 1.

2. Temperature of heat treatment 100°C (Rollers 29 and
30). | ‘

15 3. The intermeshing between the 1last set of grooved
rollers is adjusted by trial and error to a value slightly
lower than that which restores the U-shape. (If much
lower, the thickness will become more irregular).

The process is carried out both with the four cross-

20 sandwiched films of each 65 gm> and those of each 130 gn.

For comparison, similar trials are carried out without
“registration®, and for this purpose the line is operated
in two steps. After preheating of the 4-ply, both steps
start between rollers 47 and 48. The first step ends with

25 roller 55, after which the A-ply is spooled up for use
again in second step.

In this step, the 4-ply goes through the entire route
from 47/48 to and including the heat treatment, cooling and
separation.

30 Before first step, the 4-ply is heated to 60°C and
rollers 47/48 are heated to the same temperature, while all
following rollers are kept at 50°C. Before second step,
the 4-ply is heated to 50°C and the rollers for
compressional transverse stretching are kept at this

35 temperature while the rollers for longitudinal stretching
are kept at 20°C.
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| ami nat e “‘tgphgecgﬁﬁiiﬁgﬂg Jjéﬁﬂf§¥ﬁ£&afﬂéég " Ot Se Lo o188 el

| ow resistance to bendrm},sgtggg;eg,{@ﬁ ygrse i nes. However, there are al so”

applica mhlch a ce to bending is reqU|red i n_ al
directi %gf’é“gz in the !"mm

nip-rollers O
"registered" procedure.

In both steps, rollers 47/48 are used to give the 4-

5 ply a 5% strain before the compressional stretching. Total

" stretch ratios are the same as in the “registered" process.

Results: .

Cross sections of all of the final products are

examined by microscope. Those which were stretched in

10 "registered" manner exhibit the thicker ribs at even

spacing, but between the ribs the thickness is very even.

A mild cold calendering easily eliminates the ribs, and the
thickness then becomes even all over.

Those samples which were not stretched in "registered"

15  manner, show intervals of about 10-20 mm width which look
almost like the above mentioned :eguiar structure (because
of the tendency of the waved film to "fall into track") but
between each of these intefvals there are intervals of
about 5 - 10 mm width in which the structure is irregular,

20 with spots of the cross section frequently less than half
of the average thickness.

With the available apparatus for cold calendering, it
was not possible to eliminate the thin lines of these cross
laminates.

25 Example 4 _

Example 1 and the "registered" part of example 3 are
repeated with the difference that the starting films are
made on basis of polypropylene. Composition of middle
layer of the co-extruded films (75% of the total £ilm):

30 80% homo-polypropylene of melt flow index of 0.3 (ASTM No.
D-1238 condition L) + 20% LLDPE (same ASTM but condition
E).

The surface layers, 10% and 15% of.thé total £film are
35 the same as in examples 1 and 2.



one |s a rubber rol I q'(“samltﬁah “ﬁm a gear roller, which may be relatively
sharp edged on the tip operating so that the | am { a
pernaneng”@%ﬂ"a?%und “\w!“ d then through a second gW’@jﬁof
nip rollers set-up to'"bend the lamnate in the opposite direction and
so that the |am nate alternately I's bent ip9one and the other direction.

The longitudinal ribs of "U shape" as described have an inportant function
in the stabilisati oridim tdum;dzandsmggmﬁr efar r tHec driadi t¢arredponding to

cross-lam natepgf 19 fir§}.aa%§es§m0fﬁ&eg&f'fssaépaexmwn 28 the two

tri-extruded
trials corresponding to Example 2.

Otherwise the procedure of these examples are exactly
5 followed.
- Results:
Cross sectional profile: The shapes of the U-Ribs closely
correspond to the respective samples of examples 1 and 2,
exceﬁt that the trial corresponding to Example 1 leads to
10 a more even thickness between the ribs.

The self-supporting capability, expressed as the
thickness of LLDPE film which is equivalent in this
‘respect, is about 20% higher than exhibited by the cross-
laminates of Examples 1 and 2.



films with a main |ayer mum he middl e and minor |ayers at the
surfaces for facilitat edm“m ‘“E‘“ tween the filnms and for heat-seal
proper t WE93M4928 cross-| anmi fate dhd that the main | ayer ofPGIAGBI3(00KT

consists of 10-30% | ow density pol yethylene mainly of the |inear type, and

t he remai nder hi gh-nol ecul ar wei ght pol yatghyl ene, hi gh nol ecul ar wei ght
pol ypropyl ene or a

CLAIMS ,
1. A cross-laminate of at least two films formed from
orientable thermoplastic polymer material, in which each
film is uniaxially oriented or biaxially oriented in
-] unbalanced manner, and the major directions of the
individual films cross-cross each other, and the cross
laminate exhibits a pattern of striations constituted by
thickness variations corresponding to the variable
stretching ratios in the direction perpendicular to said
10 striations, characterised in that said pattern comprises
ribs which are thicker than the average thickness of the
laminate and have a generally concave and a generally
convex surface to form a bending of the rib transverse of
its longitudinal direction and in that the material in or
15 adjacent to the boundaries of the ribs in the tensionless
| state of the material are bent in the opposite direction to
the rib to give the material between the two adjacent ribs
a generally straightened-out shape.
2. A cross-laminate according to claim 1, characterised
20 in that said ribs mutually are arranged in a generally
regular pattern over substantially its entire width.
3. A cross-laminate according to claim 2, characterised
in that the convex sides of the ribs in alternating
arrangement are on one and on the other side of the cross-
25 laminate.
4. A cross-laminate according to claim 2, characterised
in_that the convex sides of the ribs are on one and the
same side of the cross-laminate.
5. . A cross-laminate according to claim 2, characterised
30 in that the average division between neighbour ribs is
between 1 and 10 mm, measured from peak to peak and taken
as an average.
6. A cross-laminate according to claim 2, characterised
in that the average thickness of material between the
35 boundaries of the ribs, defined as the locations where the
rib thickness meets the average of the cross-laminate
thickness in a local region around and including the rib

Sheet Has Been Reﬂlaced
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conbi nation of bot h. to give -a high stiffness in
addi tion i treng mﬂmmﬂm t- sealability. The pEpasRss/6d17%he
first asﬂ&@@gggg? e presentcinvers for treatnment of a cross-sandw ch
which is stretched in the dlrectlon transverse to the direction of
advancenment of the web through the processtusing grooved rollers, and in
the process’ the at least two films are continuously |am nated together

and i s charactand sevenal neighbour tribey ok @atileasthiliy iand prefierakly
forning bel ow jthey Jid¢ | 6k PPoREr OthhRCthBChARENGR! bhiERNREE b2 he rib.

7. A cross-laminate according to claim 6, characterised

in that general substantially no local thickness is lower

5 than 30% and preferably no lower than 50% of the average
- laminate thickness.

8. A laminate according to claim 2, characterised in that

the angles between the two tangency planes on the concave

side of the rib near its two boundaries at the locations

10 where this angle is maximum, is at least 10°, taken as an
average for the different ribs across the cross-laminate.
9. A laminate according to claim 8 characterised in that
the said angle is between 25° and 90°.

10. A laminate according to claim 2, characterised in that

15 bigget thickness of the ribs and their U-like profile have
been eliminated at least in part in a pattern of transverse
lines. '

11. A laminate according to claim 2, characterised in that
its individual films are tri-extruded films with a main
20 layer for strength in the middle and minor layers at the
surfaces for facilitated bonding between the films and for
heat-seal properties of the cross-laminate and that the
main layer of said films consists of 10-30% low density
polyethylene mainly of the linear type, and the remainder

25 high-molecular weight polyethylene, high molecular weight
polypropylene or a combination of both.

12. A laminate according to any of claims 1 to 11
characterised in that it additionally is undulated or zig-
zagging when viewed in longitudinal section.

30 13. A process of manufacturing a continuous web of rib-
patterned cross laminate in which a cross-sandwich web
formed from at least two films, each consisting of
orientable thermoplastic polymer material, the films each
being uniaxially or unbalanced-biaxially oriented and at

35 lecast one of the films exhibiting an angle between its
longitudinal direction and its major direction of
orientation. and the at least two films being sandwiched

This Sheet Has Been Releaced




undul at ed cross-3ectional shape on at 'least the cross |am nater of the

cross-sandw ch an ImnlmumLsal d form ng process, pef/mBI3Ieo1nY t he
tip paybio3nme2®f t m‘ I at | east on one side of the
cross-lam nate and %rd&nsver8el¥y stretching the cross-sandwi ch between the

stabilised portions by the use of groov&d rollers, this stretching being
adapted to maintain the shape or a nenory of the shape of the material in

t he stabil i,_s@éb [ ﬁ}%
heat-treating tﬁgéiériggs% ;&fggﬁge.cc o) t’ﬁja?*t he mat er i afybet vveenye&tive
stabi | i sed BRIPF oiregtdonss of| cpgientakippvnelpcStretahed |in nghe

direction transverse to the direction of advancement of the
web through the process using grooved rollers, and in the
5 process the at least two films are continuously laminated
. together, characterised in that said transverse stretching
is effected by forming below the melting point of the
thermoplastic material an undulated cross-sectional shape
on at least the cross laminate of the cross-sandwich and
10 during or after said forming process, stabilising the tip
portions of the undulations on at least on one side of the
cross~laminate and transversély stretching the cross-
sandwich between the stabilised portions by the use of
_ grooved rollers, this stretching being adapted to maintain
15 the shape or a memory of the shape of the material in the
stabilised portions of the undulated shape and subsequently
heat-treating the cross-sandwich so that the material
between the stabilised portions shrinks along a
hypothetical plane lying substantially midway between the
20 surfaces of the cross-sandwich in the local region of
' shrinkage in a direction 1lying perpendicular to the
direction of movement of the web and if necessary, so that
any stabilised portions of the undulating memory of which
has been retained in the grooved roller <transverse
25 stretching operation are reshaped at least in part, thereby
to create a rib patterned cross-laminate in claim 1 with
thickened rib portions as defined in claim 1.

14. A process according to claim 13 in which the heat
treatment is conducted by supplying the cross-sandwich is

30 subjected to mild transverse tension.
15. A process according to claim 13 in which the ‘heat
treatment is conducted by supplying the cross sandwich
with pleats in predetermined degree and contacting it with
a hot, smooth roller, while under a slight tension

35 (ironing).

16. A process according to any of claims 13 to 15,

characterised in that the cross-sandwich is longitudinally




substantial |y ni dway bet ‘L\M“&t\m‘ é‘\ of the cross- sandwich in the

| ocal reg] |nkage on+1|yi ng perpendicular

di rectiogwgﬁaﬁent of the Web and if necessary, so that a fﬂ‘/&;ﬁ%ﬂﬂﬂggd
portions of the undulating nenory of which has been retained in the grooved
roller transverse stretching operation are4Beshaped at |east in part,
thereby to create a rib patterned cross- lamnate in claiml1l with thickened
rib portions astketichad iprioni tolorTimpeddatiedy folbowing satdt £ouméng

1 .SEP 1998 and stabilisation of portions.
17. A process according to any of claims 13 to 16,
characterised in that the stabilisation of the tip portions
5 is effected by carrying out the forming with the cross-
sandwich at a temperature close to the melting point of the
thermoplastic material.
18. A process according to any of claims 13 to 16
characterised in that the stabilisation of the tip portions
10 is carried out by cross-linking under irradiation.
19. A process according to ahy of claims 13 to 17
characterised in that the forming and stabilisation o the
curved portions are carried out simultaneously by passing
the cross-sandwich through compress:l.onally working grooved
15 rollers.
20. A process according to claim 19 characterised in that
at least 4 cross-sandwiched films are worked together
between said grooved rollers and that the sandwich is
separated at any later step of the manufacturing process to
20 a multiple of cross-sandw:.ches. '
21. A process accordlng to any of claims 12 to 15
characterised in that as a measure to maintain the memory
in the stabilised portions, the stretching between grooved
rollers of the cross-sandwich is carried out with the
25 material at the stabilised portions being near room
temperature, preferably between 15-40°C. -
22. A process according to claim 15 characterised in that
during the said heat-treatment by which the cross-sandwich
web is allowed an overall transverse contraction it is also
30 allowed a longitudinal contraction.
23. In a process for transveréely stretching a film or
film sandwich of a polymer material by passage between
intermeshing, driven grooved rollers, which grooves are
circular or helical, and which touch the surfaces of the
35 grooved rollers only on the tips of the grooved surface
pattern, the improvement that in order to remove stretching
heat and keep the polymer material at the desired

Sheet Has Been Replaced
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13 Most practically, the wﬂ w:ﬂ of the cross-sandw ch is carr| ed out
under use of arooved rol ' t, but not nost
gi vi ng Wﬁ@:"f“g-zgort i ons J:l @ IM structure a st abﬁll S}\c%l on the

curved formis by carrying out thIS formng close to the nelting p0| nt of

the materi al .

t hen forned

The material is first hegged to such tenperature and i
over one or between two
temperature during the stretching, a flow of fluid medium,

preferably air or water, is directed through the nip of the
grooved rollers on one or both sides of the polymer
material. _

24. A method in which continuous polymeric sheet material

- is biaxially stretched by a process comprising the steps

10

15

20

25

30

35

of:
1) combined transverse tentering and transverse squeezing
by action of compressionally working grooved rollers,
2) longitudinal' stretching between rollers,
3) a second forming and transverse stretching between
grooved rollers
characterised in that the undulations are maintamed,
at least in part during said longitudinal stretching, and
that the second forming is adapted to cooperate with the
undulations produced by the first forming process, either
a) by adjusting the division between the undulations
on the sheet entering the grooved rollers and the division
between the grooves of said rollers to fit each other, or
b) by using for first and second forming process
grooved rollers of the same division, while keeping the
distance between each set of rollers which the sheet passes
over between the first and second forming processes
sufficiently low to force the sheet to keep constant the
division between the undulations of the sheet.
25. A method according to claim 24, characterised in that
the second forming and stretching between grooved rollers
also is carried out compressionally by combined transverse
tentering and transverse squeezing action.
26. A method according to claim 24 or 25, characterised in
that, when alternative b) of claim 24 is selected, the
forces acting to keep the division between the undulations
constant are increased by supplying rollers which the sheet
passes over after leaving the grooved rollers of the first
forming process and before meeting the grooved rollers of
the second forming process, with guiding tracks of the same

This Sheet Has Been Re
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sli g}htly I nt er meshi ng ggmmﬂlwnwmﬂm he tenperature of which is kept
wel | bel ow th er at . sandw ch so as to app #ﬂﬂ ime
mat eri al Yﬂ%%ﬁEﬁ@ on t t ps om t ke yrooved roller or rollg?gﬂc eho
cross-sandwi ch is cool ed down before the further processing. An alternative
way of carrying out the stabilisation is W cross-1inking under use of

I rradi ation. The .curved portio t,0 becone stabilised are jrradiated, e.g.
wi th accelera@gﬂﬂéiaﬂr%gstﬂﬁi vigdon. gn cthe, grooyed roilers for nthe

irradiated. Airgt and® secvm [fodning apescessy be added in the extrusion
Pr-ocess. Thlzsl.ma% %c\alghgdvgrc\éordinq to any of the claims 24 to 26,
characterised in that the grooves on the rollers for first
5 and second forming process are adapted to squeeze the sheet
.within bands only, whereby the sheet portions to become
peaks of the undulations are not squeezed, and so that the
squeezed bands of the first forming process are wider than
the squeezed bands of the second forming process.

10 28. A method according to any of claims 24 to 27
characterised in that the further longitudinal and/or
transverse stretching is carried out subsequent to the
second forming process. '

29. A method according to claim 28, characterised in that

15 the sheet is heated prior to the first forming process,
kept at substantially unchanged temperature before and
during the second forming process, and is cooled before the
subsequent stretching.

30. A method according to any of the claims 24-29,

20 characterised in that the sheet is subjected to calendering’
between smooth rollers subsequently to the last transverse
stretching step which is carried out before final use of
the sheet. _ '

31. A bag made from a film according to any of claims 1 to

25 12 or from the product of a process according to any of
claims 13 to 30. -

32. An apparatus for biaxially stretching a continuous
film which comprises in sequence |
1) a first set of intermeshing grooved rollers (37, 38,

30 39) which are compressional acting with first driving means
for driving the first set of intermeshing grooved rollers,
2) a longitudinal (machine direction) stretching station
(45, 46, 47) and
3) a second set of intermeshing grooved rollers (40, 41,

35 42) with means for driving the second set of intermeshing
grooved rollers, characterised by comprising registration
means (45, 46) for registering the undulations in the film

This Sheet Has Been Replaced
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efficient stabilisati lmmmlm“ﬁ“tﬂ)u“el atively conplicated in practical
productlwon The nost lﬂl icient way of carrying out the

f ormi ng M8i | i satti o of the Tur'ved portions, is to caPGI/6BI3/08ETe two -
actions as one process by use of conpreSS|onaIIy wor ki ng grooved
rol |l ers. Thi s means grooved rollers, i 4% whi ch the grooves have outwardly

during the S&%%i.%%"f@“@ﬁ? Pl Bia b PO LB BREPES e g e
opposi t e gr ocaxepves |of thedsesond @Qbo&%ogrmV%dsralbemerat ed under a
hi gh 33. Apparatus according to claim 32 in which the grooves
of both sets of grooved rollers have the same spacing and
S the registration means comprise the maintenance of a
sufficient distance (in the machine direction) between each
set of rollers between the first and second sets of grooved
rollers such that the undulations in the sheet retain the
same spacing between the first and second sets of grooved
10 rollers.
34. Apparatus according to claim 32 in which the grooves
of the first and second sets of grooved rollers have
different spacings, the undulations of the sheet as it
exits the first set of grooved rollers have a different
15 spacing from the undulations of the sheet as it enters the
second set of grooved rollers and the spacings of the
grooves is such that cooperation is achieved.
35. Appatatus according to any of claims 32 to 34 in which
the registration means comprises at least one registration
20 roller '(45 + 46) between the first and second set of grooved
rollers, the registration roller having guiding tracks on
its surface for registration with undulations on the sheet.
36. Apparati.:s according to any of claims 32 to 35 in
which, downstream of the second set of grooved rollers
25 there is ai: least one further transverse (21, 22, 24, 25)
and/or longitudinal (49-55) stretching station.
37. Apparatus according to any of claims 32 to 36 which
comprises a heat treatment station (26, 27) last of said
longitudinal or transverse stretching station (24, 25).
30 38. Apparatus according to claim 37 in which the heat
treatment station comprises a smooth heated roller (26, 27)
and means for applying controlled tension (36) to the film
as it contacts the heated roller, and immediately upstream
of the heat treatment station there are grooved pleating
35 rollers (24, 25) to provide controlled pieating of the
film, by contacting the film at the tips only of the groove

pattern of the rollers. —
This Sheet Has B
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roIIer pressure to squeeze t he mat r bet ween these parallel portions.
Referencewd ullm mu 78, which al ready has &%‘?&nﬁ?)&biﬂ”ed
in the descrrp |on of

t he present invention, 'See e.
fig. 2 of said publrcatron For use in the first aspect of t he present
I nvention, stretching of the portions on the tips of the grooved rollers

shoul d be avoi ¢l OAppa¥dtvedadtor@dhy o ¥Fafm 0880 cdnlbt iFiNG - ¢6611Rg €.
S0 means for the film as it passes through the grooved
pleating rollers (24, 25), said cooling means comprising
means for supplying a flow of a fluid medium to the nip of
5 the pleafing rollers at either one or both sides of the
film. _
40. Apparatus according to any of claims 32 to 39 in which
the grooves of the first set of rollers are adapted to
squeeze bands of the sheet which are wider than the bands
10 of the sheet squeezed by the second set of grooved rollers.
41. Apparatus according to any of claims 32 to 40 in which
the grooves of either or both the first and second sets of
grooved rollers have a base (6), inclined side walls (5)
‘and a peak (7), the side walls of opposing rollers (Sa, 5b)
15 being substantially parallel over a portion of their height
and in which film passing between the rollers is squeezed
between the parallel side walls (5a, Sb) of the grooves of
opposing rollers.
42. Apparatus according to any of claims 32 to 41 which
20 includes means for providing a cross laminate of at least
two layers of melt oriented film comprising extrusion and
blowing means for providing uniaxially or unbalanced
biaxially melt oriented tabular film, means for cutting the
- tubular f£film helically to form a flat film, means for
25 arranging at least two layers of flat film such that the
major orientation directions of the layers criss-cross each
other and means for laminating the 1ayers together upstream
from the first set of grooved roller.
43. Apparatus according to claim 42 which comprises means
30 for arranging and laminating at least four flat films
together and in which downstream of the second set of
grooved rollers and of any subsequent stretching and heat
treatment stations, there is provided a separation station
for separating at least the four layer laminate into at
35 least multiply laminates by peeling apart.
44. Apparatus for transversely stretching a film of
polymer material comprising a pair of intermeshing grooved

ThlS Sheet Has Been Rei




14 that these portion bi t han the portions which have been -
squeeze ‘gg; %ggditig Eﬂ%ﬁﬁ ﬁ F[“‘nt age be adapted even to increase the |,
t hi cknes¥OP/ 1498 ¢ oss! mpos tixons on the tips of thePEHGRI/YPIFTIves. -

It was found that the formng under,_use of conpressional forces has

an adequate stabilising effect. There carf8icci dent al | y occur a slight
o o) V61 bR ebd F5E el oS SRR L "Bam o
polymer material comprising a pair of intermeshing grooved
rollers (21, 22, 24, 25), the grooves of which are circular
or helical and which co-operate so that the film contacts
5 the surfaces of the grobved rollers on the tips only of the
grooved surface pattern (2, 3), and means for feeding the
film through the nip between the rollers charéctex;ised by
including means for supplying a flow of fluid cooling
medium through the nip of the rollers on one or both sides
10 of the film. '

This Sheet Has Been
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portion at the mddle of the generally u-shaped rib, in which thin portion
t he otherw se convex surface may unlntendedl becone concave (see Fig. 4).
As | ong A¥Ot93/BA9R®enonmenon does not distd %he- general chaP 4@9369019'%
ribs, the product and nethod will still faII under the scope of the
invention. In order to enable stretching of wide filmunder use of the
high pressures for the squeezing and under maintenance of a high
precision in the fitting of the grooved roller surfaces into each other,
the stretching arrangenent is preferably divided into segnents over the

Fig.1.

“Fig.2

Fig 4 ~— ——
, e ¥ Thls Sheet Has B
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wi dth of the cross-sandwi ch as disclosed in detail in the above nentioned
WO A- 8805378, see figs. 3, 4 and 5. As queydy di scussed above 88/05378

di scl osesMOY 1498t s i ntended to beconms two or nore cross- PSHGBI¥0K
be transversely stretched together, one on top of the other, between the
conpressional ly working grooved rollers, and then separated later. This
procedure is particular advantageous in connection wth the first aspect of
the invention not only because of the higher production capacity and
i mproved quality of the surfaces which are separated from each other, but

al so because the. squeezing
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of material into the portions. on the tips of the grooved rollers is
facilitat gﬁﬁé? the cross-sandwi ch el atively thick g ' @?ﬁ
oper ation ‘% ‘f?gperl al needs not be | or%?ttdi nally stretche &y%jl Zg
arranged as a cross-sandw ch, however in nost cases the cross-sandw ch
Is longitudinally stretched prior to cr as a step which is second to the

stabilisaticn step, no matter by which neans this stabilisation is carried
out .

Fig.6A.
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A particularly efficient and suitable way of producing the "Urib"
structure conbi nes the second aspect of the present invention | i
first aspMQ9¥M4¥8Barting the of the crod/s&ndwich with a fifé#ﬁk%gyaofﬂ
conpressi onal grooved roller stretching, then the cross-sandwich is
stretched longitudinally, then again treated between conpressionally
wor ki ng grooved rollers, while this second. conpressional grooved roller
process is adapted to fit wth the undul ations produced by the first
conpressional stretching so that the action of the second conpressional
grooved roller stretching increases the curvature and stabilisation

Fig.6B
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of the material in the rib-portions which was started between the first
conpr essi g;eg rking grooved rollers ts "registrati on"gﬁ_ ﬁ%
p‘rocesses% éilq?g? present any particul%r[mobl em provided /(% é@‘yﬁgove
menti oned stretching steps are carried out in-line with the cross- sandw ch
passing fromone roller to the next with only short distances between said
rollers. During the longitudinal stretching over rollers positioned

cl ose to one another, the undulations will partly disappear due to tendency
to shrinkage of the polynmer material in the transverse direction during

N\

oa
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stretching in its longitudinal direction,: bzt there will always be at
Ai& facilitates th

| east tr e undul ation left, and@

-"regi strgﬁﬁ?ﬁgﬁz}gt he second grooved roller process. Further?’é‘g{gpﬁmg}g

di scl osed bel ow in connection with description of the second aspect of the
invention. The total |longitudinal stretching of the cross- sandw ch
can with advantage be divided on two. steps,.One as descri bed above, and the

second following directly after the secondt% op~Qf conpressional treatnent
bet ween grooved rollers. Prior to this secon, the cross-sandwich is
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This is the repl acenent sheet Date: 11 SEP 1998 preferably cooled in
order to gr i he undul ations or th " remor y* of the und ' e
cr oss-sang\%sﬁsﬁég# proceed directly fro(r§n7t'he second conpressitﬂo(ﬁg*:%??@mﬁnt
and after a subsequent |ongitudinal stretching step to the heat-treatnent
under mld tentering or by ironing, but usually a higher degree

Fig. 10.

Fig.11.
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-y be

i.e.

~—

Tl ' . . .
of transverse stretching is desirable before the heat- treatnent,
ried out by use. of a sinple grooved roller stretchlng process

such "t hat the cross-sandw ch touches the surf t he, gro
2652 1P PG e

rollers only on the tips of the grooved surface patter

step

of

conpr essi ona

process for formng and stabilising the curved portDales) n@igh sinpl e

grooved roller process has to be used in any case.

- the menory of curved shape in the stabilisqd portlons of t he
Cross- sandmnch “this _

{

-
The invention concerns an improved cross-laminate of
oriented films of the general type defined in the preamble

of claim 1 and iamproved processes and _apparatus for

ménutactﬁrinq'oross-laninates of this general type.

Processes for produotion crossfleminates of oriented :

films are known in particular from GB-A-1,526,722. In this
known invention, the uniaxial or unbalanced biaxial
orientation of the Iilms is a melt-orientation and may be
very weak, but is always combined with the use of blends of-
polymers, whlch\are suffxciently incompatible for formation,
of a two- or multiphase grain of polymer under the
influence of the melt-orientation, which grain has a very
significant influence or the strength properties of the
final cross-laminate. In order to enhance the tear-
propagation resiStance the bonding between the films is a
generally weak bonding, but nay be supplemented with a
strong bonding in spots or lines.

The objective of this known lnventlon is to provide
for a film materiel which exhiblts high strength properties
in all respects. One of its important uses is for bags and
similar packaging uses. . _

‘Further according to the above mentioned British
Patent, the transverse stretching which is subsequent to
the cross-sandwichiné of the melt-oriented £ilms (see the
introduotion to claims 12 and_24) is preferably carried out

by passing the sandwich through several'sets of mutually

intermeshing grooved rollers, the grooves of which are as
fine as practzcally possible. { Also, the sandwich is
normally - (but not necessarlly) stretched longitudlnally in
contlnuous manner'between smooth rollers before, between or
after said steps of grooved rollers stretching.

and this
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stretching is preferably carried out near roomtenperature, eg between

15- 40[errJC According to a further aspect of the invention there is
provi-ded an i nprovenent in a process of transversely stretching a filmas
descri bed in WO A-8805378. The process is for transversely stretching a
filmor filmsandwi ch by passage between i ntermeshi ng, driven grooved
rollers, which grooves are circular or helical, and in which the film
touches the surfaces of the grooved rollﬁrs ohly on the tips of the grooved
surface pattern, and the inprovenent is tthat in order to renove stretching
heat and o : o

(1 distinguiéh between “"sandwiching" which may involve, but
ﬁeeds not involve & bonding of the films to one another, and
»laminating” which always involves such bonding).

For obtaining optimum energy-sbsorbing properties ({such as e.g.
‘shock=-tear propadation res!stance) the diffarent stretching
steps, following the cross-sandwiching, are preferably carried
out at temperatures very much below the melting ranges of the
filns, and may even be carried out at normal rocm temperature..

Further according to the above mentioned Brit!Sh Patent, the-
cross-lamination of films having 3 uniaxial or an unbalanced,
biaxial melt- orientation can be carried out already in the
extrusion process: under use of counterrotating dlepar.s. but

_ can also be established on the basis of helical cutting of
melt-oriented, tubular films. Thus the tubular films can be |
melt-oriented mainly in their longitudinal direction, helically
cut e.g. under 45 degrees after solidification, and subsequent-
1y sandwiched in such manner that the said main directions
criss-cross one another ({.e. become perpendicular to one
another {f the cutting angles all Kave been 45 degr.).

| 1n this connection, recant WIPO publication WO-A-89/12533
discloses particulerly practical methods for spiral cutting of
tubular.fllm.'and also discloses a suitable method to achieve &
melt-orieﬁtation.-whlch. if desired, can be perpendicular to
the machine direction (i{.e. the continous direction) of ths
f11m. The last mentioned method consists in first hauling-
offthe tubular film from the extirusion die in &8 screw-movement
to give the tubular film a melt-orientation which forms an
angle (e.g. 30 degrees) to the ax!s of the tubae, &nd then
nelically cutting the tubular film (e.g. under 60 degrees) {n
the Vay which increases the angle between the machine direction
"and main direction of melt-orlentatlon._?hus} using the above

eel
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keep the polynmer material at the desired tenperature during the stretching,
a flow of .fluid medium preferably air or water, is directed through the
nip of the grooved rollers on.one or both sides of the polyner material. It
was found that this measure, i-n additiqQnh to preservation of the menory of
curved shape, also helps to nake the st¥etching even, and therefore this
nmeasure can with advantage be applied to transverse stretching between

grooved rol lmeern%. i%fne%nzxﬂng:% cl:m ef,n%()'"yer‘?‘reJingm al Lh“‘? %nwggh Qﬁko%&t S
| cutting under §0 degr., the melt orientation will become |
perpendicular to the machine directlion after the helical
cutting. This film can continously be sandwiched with a fi{lm
which {s melt-oriented mainly In Its longitudinal dlréét}on
(the machine direction) to form a perpendicular criss-cross
arrangemens. .
One of the features mentioned in the introduction %o the
present claim 1 {s that the cross-laminate exhibits & pattern
of striatfons constituted by thickness variations. Such pattern
.will always be formed as a result of the stretching'be:ween
grooved rollers - except If special precautions are taken,
which will be discussed later., Following the teaching of the
above mentioned British Patent (see in particular figs. & and
9) these thickness variations which form a longitudinally
striated pattern, will occur 2t random as a result of
interference betwean the stretching patterns In each step of
the grooved roller stretching. When not exaggerated, the
striated pattern can have 2 positive influence on the tear-
propagation properties and some positive Influence on tha salf-
_ supporiing capabillty {the stiffness when the material {s bent
over a line perpendicular to {ts continous direction).
However, If this random pattern of thickness veriations is very
pronounced, it has a very negative influence on u-v stability,
printadbility and the resistance to the passage of humidity,
aroma substances and vapours. '
AS a speclal feature of the technology, the {ndividual films
.can be blocked together by the transverse stretching together
between grooved rollers, and this effect can be controlled by
suitable surface layers on the films, which therefore
originally are produced by coextrusfon. In the coextrusion
process, there {s also made provisions to give the final
laminate thin surface layers of desirable properties, in

This is the rep\acement sheet
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17 nelting po
I nst ead of st
pronounced wh
tenperature

main directio
Wiile this

roller stretc

int, in particular when the material tends to neck down
retching evenly. This tendency to .necking will be nost

en the polymer material is relatively stiff at the given

and in the case of cross-sandw ches when the angle between the
n of orientation and the machine direction is relatively |ow.
aspect of the, process 4|s general ly applicable to grooved
hi ng, the follomnng :

lar layers 20 improve heat-sealing cr laye-s 9 centrol
tional properties. _
developments of the known uqchnalogy referred to above
lcsed in US-A-4 629 323. This descrides a _
{1izatlon process, in which a cross-laminata of the zbove
mentionad kind is heated while allowing at least 7% transverses
shrinkage (!.e. transverse c¢f the contlinous dlirection of the
lamirnate ané ¢f the striaticns produced by the grooved rcolliers)
and preferably also & longitudinal shrinkage. Besides the
stabilizing effect, which means that the:coldstretched laminate does
not tend t¢ shrink further during use or storage at normal
tamperatures, there are {mportant side-effects. One is that the
abecve mentioned thickness varistions. (the-striatlon effect) can
become significantly reduced, since the transverse shrinkage
mainly takes place where the material-is transversely over-
stratched. Another important by-effect 1:;& significant
increass of the yleld peint in the transverse direction. A
third effect {s increase of the wa2k bonding which originally
is produced by the blocking-togethar of the spirel cut films
betwean the grooved rollers.

The transverse contraction {s prcferably obe ained by feedlng'
the crosse- -laminate, while it is pleated to & suitable extend
onts & heased roller (from where {t may conulnue over more
heated rollers) so that the pleating gradually disappears while
the cross-laminate contracts.

This patent also discloses advantageous polymer blends for the .

- main layer of the coextruded film for this general type of
Cross-laminates, in particular blends of high-molecular-weight-

high density polyethylene &nd linesar -low density or line:r -

lew-censity-like polyeznylane a% significantly lower molecule-

weight than the first mentioned component, to which optionally

may be added polypropylene (as these crcss-laminates are nore

precisely definad in clalms 25-29 of the above mentioned pateatl.
This is the replacement sheet
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agai n concerns the achi evenent. of the cross-sandwi ch with u-shaped thicker
ribs. The cross-sandwich will |eave the grooved rollers in an undul ated
formw th an undul ation whi ch need not have any relation to the original
formation of curved portions. The w dth ¢f t he cross-sandwi ch fromedge to
edge, neasured al ong the undul ated shape, and divided by the straight

Apart of :5;;:;;&% E’ﬁgj““"ﬂ?ﬁﬁ?ﬁ*ﬁ%ﬁwﬁhﬁ%ﬁ?ﬁﬁ%ﬁ?“ e

heat - t r eat %aPP NRLBFLRERLIQF | RaE é'ﬂﬁﬁﬁeﬁ# cshogld be

nmechani cal | pade from melt-oriented tubular film cut under an angle
between 10° and 35° instead of 45°. Further improvements
in ‘the general type of cross-lamination - technology
.described above is disclosed in WO-A-88/05378. Here, at
least the first pair of grooved rollers is of special
construction and function. The grooved, fine, circular
"teeth" have inclined sidewalls, the sidewalls on the
cooperating grooved rollers match very ekactly, and they
operate under a high roller’s pressure so that the
transverse stretching takes place not only by tentering but
also by squeezing or "lateral calendering" of the laminate
or sandwich (all as further described in that citation).

By this method it has been possible to manufacture .
above described cross-laminates in improved quality and at
highly increased production capacity. This increase is
made possible because two or more cross laminates can be
produced together in this process, and separated from one
another at the end of the manufacturing process.

The inventor has also combined into the technology the
embossment localised adjacent to heat-seals in a bag, which
is described in WO-A~89/10312 and which is adapted to
produce a shock-absorbing or force-controlling effect
thereby improving the drop strength of a heat-sealed bag of
orlented or rigid film mater1a1 and filled with powder or
granulated goods.

By a combination of the above mentioned inventions the
inventor has been able to manufacture in a commercial " and
-economically feasible process, heat-sealed heavy-duty bags
of cross-laminates in gauge e.g. 60-80 gm + Which with
respect to yzeld point tensile strength, puncture
resistance, tear propagation resistence and drop-
performance have proven superior to bags from low-density
or 11near-1ow-dens1ty polyethylene of the double gauge.
However, ‘due to lack of self-supporting.capability of the
cross-laminate in such gauges ("flimsiness") the bags have

This i$ the replacement sheet
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determ ned al | owances for shrinkage and the tenperature of the

heat ;treat ment nust be carefully adjusted to allow the strai.ghteni ng out of
the material between the stabilised portions, at the same time avoi di ng
elimnation of the curved formin the stabilised portions, or allow ng a
recover of this form if it was |ost bef®re. This controlled transverse

shri nkage can be carrled out |n an whi | e the edges of the
cross- sandwiReF Fe+ FRtuse ﬁ\rég aFSERtANCce p RiNGH LheoAnsemakicy by

feeding the aandumbll rnmnwl inploetirst tior ewienonehd efilliRgt ¢ehne
rollers, the,d egéfe 'Q) te'erngcgrqg%erea too difficult or unreliable.
In this connection it is noted that the self-supporting
capability (which is a result of the stiffness of the film)
of a film of even thickness varies with the second power of
its thickness. o
~ One major objective of the present invention,
therefore is to provide for a cross-laminate (of the above
described type) having significantly improved self-
~ supporting capability. Other objectives, will appear from
the description below. ‘
The special features of the product according to a
~ first aspect of the present invention appear from the
characterising paﬂ:’ of claim 1. The special curved form of *
the thicker ribs with immediately adjacent material, namely
-bending to one side in the main body of - the rib, and
oppositely near its boundaries, provides for high stiffness
when the cross-laminate is bent around a transverse line,
and the lower thicknesses between the ribs facilitates the
‘bending around a longitudinal line, which also is important
in manual or automatic handling of the: cross-laminate,
since the neceséary_ self-supporting'capability of a sheet-
material often requires that the o'perato'r or the sheet~
handling machine gives the sheet a slight bendmg during
the operation. '
The ribs are preferably arranged in a generally
regular pattern over subs_tantially the entire width of the
sheet. It should be noted hcwéver, that the process (which
will be described later) can be quite sensitive to the
influence of the different process parameters, a reason why
there can be 'quite remarkable deviations from the
'regularity'o’f the distribution and also of the rib-form.
Depending on the intended use of the cross-laminate,
the curved ribs can either, in an alternating arrangement,
protrude from both surfaces of the cross laminate (see
fig.2) or protrude from one surface only (see fig. 1).

This |s the rep\acemenft shest
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establish, in conjunction with the transverse shrinkage, the needed | ow
transverse tension. This is a new use of the nethod for transverse

Shrihkage which is described in US Patent No. 4,629,525 which al ready was .

referred to above. By correct adjustnment of the degree of pleating and
mai nt enance of a | ow | ongitudinal tension,7the systemw |l This is the
repl acement sheet Date: 11 SEP 1998 , .

" A second aspect of the 1invention concerns an

improvement of the above mentioned stretching method
described in WO-A-89/10312, which improvement in particular
is uséful in connection_ﬁith efficient manufacture of the
curved rib strucﬁure defined in claim 1, but also finds
other uses due to a high regularity of stretching which is
achieved. ' _ ' _ '

According to this second aspect of the invention there
is provided a method in which continuous polymeric sheet
material is biaxially stretched by'a process comprising the
steps of: ' . - ' |
1) combined transverse tentering and transverse squeezing
by action of compressiohally working grooved rollers,

2) longitudinal stretching between rollers, |
3) a second forﬁing and- transverse stretching between
grooved rollers. ) _

This aspect will be further described after the
general description of the embodiments of the curved rib
structure and of the method for manufacturing this
structure.

Now returning to the first aspect of the invention,
the laminate with curved ribs, the average division between
neighbour ribs preferably is between 1 and 10 mm, measured
from peak to peak and taken as an average. .

.+  The average thickness of material between the
boundaries of the ribs, defined as the locations where the
rib thickness meets the average of the cross laminate in a
local feqion around and including the rib and several
neighboﬁr ribs is at least 15% and preferably at least 30%
lower than the maximum thickness of the rib.

Thickness at a given point of the laminate surface is
understood as the shortest distance from that point to the
opposite surface. In the ribs, this is normally not the
distance along the rbuge perpendicular to the surface in
the given point, because the two surfaces are not parallel.

The average thickness of the material calculated by
measuring the weight of a specified area of material (in

~ This is the replacement sheet
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18 permt .
the heated rollers will performan ironing effect. During this treatnent,
the " bonding between the individual fi'ns can be increased to the wanted

final val ue.
Iongltudlnal shri nkage S|nultaneously'vmtglthe transverse shrinkage.

contr ol

of

shrinkage and establishnent c¢f the needed |ow tension,

Preferably the <cross-sandwich is also allowed a

'he degree of pleating of the Cross-

the tensionless stage) and from a knowledge of the average

density of the polymer material used to make the laminate.

The average thzckness is thus in the direction. of

perpendicular to the overall plane of the laminate.
Comparing the thzckness within the ribs with the

" average thickness of the material, it must be taken into

account that there normally is a ccnsxderable varlabxllty
in thickness of extruded £ilm mater1a1 (normally not less
than +/-5% and often +/-10%), that the grocved rollers due
to bending can produce a lower degree of stretching at the
middle, compared to the edges, and that on the other hand,

the spreadlng action which follows the grooved rollers

stretching and which normally is carrzed out with banana -

rollers, normally is most effzclent at the mlddle.
Therefore the mentzoned comparzson nust be on a2 local basis
and not a comparlson with the average thickness of the
entire cross-lamznate. '

, Generally speaklng it is found that the thickness
variations which are inherent in this first aspect of the
present invention, do not slgnlflcantly'reduce the strength
propertles such as ultimate tensile strength, yield point,
tear propagatlon reszstance, impact strength and puncture
resistance. The reason for this is that the lower
thickness in portions forming -longitudinal lines are
compensated by a higher degree of transverse orientation.
However, the drop strength of the tilled bag with powdered
or granulated goods and heat-sealed, can be significantly
negatively influenced by very thin portions. The bag could
then rupture along a lzne 1mmed1ately adjacent "to the
heatseal, in which line the material was melted during the
heatsealing and thereby lost all. or most of the
orientation. In a preferred embodiment of the invention
therefore, generally substsntially no local thickness is
lower than 30% and prefe*ably ne lower than 50% of the
average 1am1nate thickness

The angle between two tangency planes on the concave
side of the rib near its two boundaries where this angle is

This is the replacement sheet
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sandwi ch when it neets the heated roller o- first heated rolle- can be
establ i shed by different nethods of which the preferred now shall be
expl ai ned. The cross-sandw ch conming out of the grooved roller unit is
transversely tightened in a tenter-frame @ by use of banana-rollers or the
i ke, and the intermeshing between these grooved roller is adjusted so that

the width af tgaxiRamt Lghmawgthé &H@ﬁaot ial k¥geagal kRokhE d&ﬂ?&%&f&%ga{

wi dt h. Inthls state he transver séel )gtened Cross- san
a last set of PEntRF #‘Fg d%o 88‘-’FSFI e?% efhi 2f AR Sutenageyi ferexthely
the desired dagfeerent ribs and more preferably between 25 and 90 .

degrees. )

This is of impcrtance for 'fhe self-suppéfting
capability, but alsec to give the cross-laminate a bulk and
to give it a resilient character when it comes under
vertical pressure. ‘Such bulk and resilience is of
importance for the handling of the cross-laminate and is _
also an objective of this first aspect of the present
invention. )

The requirement that the surfaces of the material in
or adjacent to the boundaries of the ribs in the
tensionless state are bent in the opposite direction to the -
respective surface in the rib results in the cross~laminate
having a generally flat appearance rathér than a generally
corrugated appearance. For instance in the cross-laminate
the surface of the rib which is convex in the rib becomes
concave at or near (usually just beyoﬁd) the boundary of
the rib. It may remain substantially concave until near or
at the boundary of the adjacent rib, for instance where the
two ribs are on the same surface of the cross-lamina'te. :
The intention is that near to the boundary of the rib the
curvature of the surface becomes concave where it was
convex and vice versa and the degree of curvature is
relatxvely high (i.e. the radius of curvature is low) near
to the boundary and then decreases before increases again
towards the next rib. The shape of the surface of the
embodiment with adjacent ribs formed on the same side of
the cross-laminate can be thought of as having a wave-like
form with the thickened rib portions having a profile
similar to the positive (or the negative, as the case may
be) portion of the sine function but with the portion
between the r;bs being relatively stretched out (along the
abscissa). For a cross laminate with ribs on alternating
surfaces the profile is again wave-like with the ribs
having a profile similar to the sine function (positioned

fhis is the replacement sheet
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of pleating. No spreadlng out is perforned between this |ast set of
grooved rollers and the first heated roller. In order to establish the
correct conditions for the contraction, the degree of pleating at the
entrance to the heating-treat nent preferably is at such a value that there
still are a few narrow pleats in the mategpal as this |eaves the |ast
heated roller and these pleats are then renoved by very mld entering, e.g.

ool e to amolERt CeemperaFbel T aydi. Bbardaf ChITCaRPARREY s,
sandwi ch to seee#APnsrds§@MGhth&té@SQHﬁiﬂhs preferablv

The cross~laminate of the present invention thus
differs from the product disclosed in WO-A-8805378 and
illustrated in Figure 6 therecf. The laminate shown in
figure 6 does not have thickened rib sections. Alsc the
surfaces of each side of the cross laminate are generally
sinusoidal in profile and do not have the stretched
portions between the maximum and minimum regions.-_

In the foregoing, the first aspect of the invention
has been described with a view to the application for bags
and similar epplications, in which high stiffness in one
direction and nﬁch lower stiffness in the other direction-
is deSirable.' However, in an embodiment of this aspect the
bigger thickness of the ribs and.their u-like proflle is

| ~eliminated, at least in part, in a pattern of transverse
lines. These lines act as "flex-lines" so that the cross-
laminate readily can be bent, not only over a longitudinal,
but also over a transverse line. In this embodiment the
objective is the introduction of bulk and vertical
resilience in the cross~-laminate, at the same time as this
is given a high flexibility, which is desirable mainly in
textiie-like applications, e.g. for tarpaulins and cover-
sheets. ' ' '

The elimination of thickness and u-shape can be
carried out by embossment at a temperature below the
melting point, care being taken not to ruin the transverse
tear properties, or by a'stretching localised to the said
transverse lines,'like the longitudinal stretching in US-A-

4,285,100 (Schwartz).

_ As a special feature of this embodiment the production
of these transverse "flex-lznes" can be carried out at a
temperature which, in cbmbinetion with the applied
pressure, produces a strong bonding, preferably a true
welding in these lines, while the rest of the cross-
laminate is kept weakly bonded or not bonded at all. While
a generally weak bonding is necessary for the tear-
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carried out as a last step. As it appears fromthe description of the
background of the invention, the known technology to which the

i nvention is connected, Starts with a generally uniaxial nettorientation,
which normally is a very weak orientationli 19 of polyner bl ends capable
of formng a fibrillar norphology ("grain of pol ymer™) in

connecti on %E%%agégyé% resistance (as already mentioned in <the
introduction) the strong bonding localised to the "flex-
lines" has the effect that the cross-laminate can be
repeatedly and strongly bent in both directions, as when a
tarpaulin flip-flops in a strong air Jjet, without
délaminating. In fact the application of transverse "flex-
lines", which at the same time are lines of strong bonding,
is very useful not only for cross-laminates with u-shaped
ribs, but also for any cross-laminate of the type defined
in the introduction to claim_l. -

As mentioned above in the description connected with
claim 1, it is often advantagéous that the laminate shows
big resistance to bending around lohgitudihal lines, but
lou'reszstance to bendlng along transverse lines. However,'
there are also applzcatzons 15 whlch a hlgh resxstance to*
bending is required in all dlrectzons, e.g. in the usual
manufactur;ng process for glued blockfbgttom bags. For
such applications, the iamin;;e with longitudinal ribs as
described should preferably exhibit the additional feature
that it is undulated or zig-zagging when viewed in its
longitudinal sections. | '

This can be achleved in sxmple manner, e€.g. in the bag
making line, by taken the laminate with the described rib
structure first through a first set of nip-rollers of which
one is a rubber roller and the othéf_a gear roller, which
may be relatively.sha:p edged on the tips of the cogs,
operating so that the laminate gets a permanent bend around
these tips, and then through a second similar set of nip
rollers set-up to bend the laminate in the opposite
direction and so that the'lamihate'alternately is bent in
one and the other direction. The longitudinal ribs of "U-
shape"” as described have an important function in the
stabilisation of this bending. ' |

Preferred compositions for the cross-laminate of the
first aspect of the present invention are tri-extruded
films with a main laye' for strength in the middle and
minor layers at the surfaces for facilitated bond:ing
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mel torientation. The scope of the present invention is neither limted to
the use of such blends, nor to the use of weakly nelt oriented filns for

t he *cr oss- sandwi ching. The tubular fllns which are uniaxially or

unbal ancedly biaxially oriented and spiral cut, may have received this
orientation belowthe nelting point. In t¥s connection it is ebserved that
strongly or nediumstrongly oriented film (uniaxially or unbalancedly

bi axi al |y oriketeeenwitingh filas ansssfPanihedroseale paenersies r efciehe

usual |y ther efyq ggsfgegfﬁa@eVel_{)ﬁ’d Stt?x'&@: tﬁﬂéenﬁﬂzho P&yér UBfa| 82940"¢ Qs t he

mai n axes of orrenta by use of
consists of 10-30% 1ow density polyethylene mainly ef the

linear type, and the remainder high-molecular weight
polyethylene, high molecular weight polypropylene or a
combination of both. These are selected to give a high
stiffness in addition to high strength values and heat-
sealability. '

The process of the first aspect of the present
invention is for treatment of a cross-sandwich which is
stretched in the direction transverse to the direction of
advancement of the web through the process using grooved
rollers, and in the process the "at least two films are_
cont:.nuously laminated together:- and is characterised i
's_@_g said transverse stretchlng is effected by formlng
below the melt:._ng point of the thermoplastic material an
undulated cross-sectional shape’ on at least the cross
laminate of the cross-sandwich and during or after said
forming process, stabilising the tip portions of the
undulations on at least on one side of the cross-laminate
and transversely stretching the cross-sandwich between the
stabilised portions by the use of grooved rollers, this
stretching being adapted to maintain the shape or a memory'
of the shape of the material in the stabilised portions of
the undulated shape and subsequently heat-treating the
cross-sandwich so that the material between the stabilised
pottions shrinks along a hypothetical plane 1lying
substantially midway between the surfaces of the cross-
- sandwich in the local region of shrinkage in a direction
lying perpendicular to the direction of movement of the web
and if necessary, so that any stabilised portions of the
undulating memory of which has been retained in the grooved
roller transverse stretching operation are reshaped at
- least in part, thereby to create a rib patterned cross-
laminate in claim 1 with thickened rib portions as defined
in claim 1. | ' '
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aspect of the present invention this tendency is interacted by the u-forned
ribs, and a much stronger uniaxial character of the initial filnms is

possi bl e, when this is desirable. The achi evenent of this effect is a
.further objective of the invention. The followng concerns the second
aspect of the invention, the inproved str¥tching nethod. It should be

noted that the second faorm.n and r eg'l ng _step preferabl but
not necessarily d2fe%t REactdgadilyy *B&“BGHS ShoRhithe %Ps%éﬁﬁ’idgf dgh

transverse tgahicirrited Juk LhaBEVEEECOf SGHE6%A0roBLétH. The Admpllestappear
from the but not most efficient way of giving the tip-porﬁioris of |
the undulated structure a stabilisation of the curved form
is by carrying out this forming close to the melting point
of the material. The material is first hea%ed to such
temperature and is then formed over one or between two
slightly intermeshing grooved rollers, the temperature of
which is kept well below the temperature of the cross-
sandwich so as to avoid that the material stretches on the
-tips of the grooved roller or rollers. The cross-sandwich
is cooled down before the further processing.

An alternative way of carrying out the stabilisation
is by cross-linking under use of irradiation. The curved
portions to become stabilised are irradiated, e.é. with
accelerated electrons while the rest of the cross-laminate
is not irradiated. A suitable cross-linking agent may be
added in the extrusion process. This may give . a very
efficient stabilisation but is also relatively coinplicated
in practical productien.

The most préctical and efficient way of carrying out
the forming and stabilisation of the curved portions, is to
carry out these two actions -as one: process by use of
compressionally working grooved - rollers..  This means
grooved rollers, in which the grooves have outwardly
inclined side walls of which each has a portion that
matches with (i.e. during the 6peration is substantially
parallel to) a similar portion on the opposite grooved
roller, and which grooved rellers are operated under a high
roller pressure to sgueeze the ma:erial between these
pa'railel portions. Reference is here made to WO-A-
88/05378, which already has beeri mentioned in the
description of the background"of. the present invention, see
e.g. fig. 2 of said publication. For use in the first
~aspect of the present invention, stretc_:hing of the portions
on the tips of the grooved rollers should be avoided or
m:.n:unsed at least on one s:.de of the cross-laminate, so
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foregoing, this second aspect in particular is suitable as first step or

steps of the manufacture of the "Urib" lamnate, namely for formng and
stabilising the curvature. However, the method can w th advantage al so be
used for other purposes. Thus, if subsequent processes are no' set- up as
expl ai ned above for maintaining or for rergeating the "U structure”, the
final product nmay be conpletely w thout such curvature, but can exhibit a
reguarity whi thatstheseupbrtiorns sdmene timickeal thahrehehpsrt bengeaiich

grooved_rolIeﬁgvgB%egnsgg%gggggt cal endering process, which even may be

The conditions can with advantage be adapted even to
increase the thickness of the cross-sandwich portions on
the tips of the roller grooves. '

It was found that the forming under usel of
compressional forces has an adeguate stabilising effect.

| There can accidentally occur a slight amount of
stretching at the very middle of a groove tip. during
compressicnal stre"ch"ng, resulting in a narrow thlnner
portion at the mladle of the generally u-shaped rib, in
~which thin portion the otherwise convex surface may
unintendedly become concave (see Fig. 4). | As long as this.
phenomenon does not d:.s..urb the general character of the
ribs, the product and method wilil still fall under the’
scope of the invention.

In order to enable stretching of wide film under use
of the high pressures £for the squeezing 'and under
maintenance of a high precision in the fitting of the
grooved roller surfaces into each other, the stretching
arrangement is preferably divided into segments over the
width of the cross-sandwich as disclosed in detail in the
above mentioned WO-A-88053‘78, see figs. 3, 4 and 5.

As already discussed above 88/05378 discloses that
what is intended to become two or more cross-laminates can
be transversely stretched together, one on top of the
other, between the compressionally working grooved rollers,
‘and then separated later. This procedure is particular
advantageous in connection with the first aspect of the
invention not only because of the higher production
capacity and improved quality of the surfaces which are
separated from each other, but also because the squeez:ng
of material into the portions on the tips of the grocwved
rollers is facilitated when the cross-sandwich s
relatively thick during this operation.

' The material needs not be longitudinally stre<:ned
after being arranged as a cross-sandwich, however in =cs*
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carried out at roomtenperature, it is easv to nmake the thickness perfectly

even if this is desirable. Exanples 2 20 and 3 will present different
configurations of stretched sheet material made under use of . this method
and will explain the differences between the process steps used to arrive

at these configurations. It should also ?2 mentioned that, although this

cases the cross-sandwich is longitudinally stretched prior
to cr as a step which is second to the scabilisaticn step,
nc matter by which means this s:abilisaticn'is carried out.

A particularly efficient and suitable way cf producing
the "U-rib" structure ccmbines the seccnd'aspect of the
present inventicn into this first aspect of starting the of
the c:oss-sandwich with a first compressional grocved
roller stretching, then the cross-sandwich is stretched.
1ohgitudinally, then again treated between ccmpressionally
working grooved rollers,. while'this'secsnd compressional
grooved roller process is adapted to fit with the
undulations produced by the first compressional stretching
so that the action of the second compressional grooved -
roller stretching increases the curvature and stabilisation.
of the ‘material in the rib-porticns which was started
between the first compressionally working grooved rollers.
This "registration" of_the_two'prbcesSes does not present
any particular problenm, provided all three above menticned
stretching steps are carried out in-line with the cross-
sandwich passing from one roller to the next with only
short distances between said rollers. _

During the 1longitudinal Sttetcning over rollers
positiocned cicse to one another, the undulations ‘will
partly disappear due to tendency to shrinkage of the
polymer material in the transverse direction during
stretching iniits-longitudinal direction, but there will
always be at least traces of the undulation left, and this
facilitates the "registration" of the second grooved roller

. process. | ' ' '

Further details are disclosed below in connection with
description of the second aspect of the invention.

The total longitudinal stretching of the cross-
sandwich can with advantage be divided on two steps, one as.
described above, and the second following directly after
the second step of compressional treatment between groovad
rollers. Prior %o this sedond step, the cross-sandwich is
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stretching

method in particular finds uses in the manufacture of

cross lamnates, and nore specifically in the manufacture of cross

| aminates frompolyolefins, it is applicable in general to all kind
c, stretchable sheet material including sheet materials which

t her nopl ast i
are not |am

nates. There are two alternaggves for coordination or

of

"registration" of the two steps of conpressional transverse stretching and

f orm ng, onepbefmabpyadbusédt ba drdesi ¢o ipetesearvd Rehdnshdwld ©insObd he

sheet enteri
di vi si on bet

eﬂrooxeg:reﬂae{x?idﬂia‘c%n ast formng step and the

The cross-sandwich can proceed directly from the
second compressional treatment and after a subsequent
loﬁqitudinal stretching step to the heat~-treatment under
mild tentering or by ironing, but usually a higher degree
of transverse stretching is desirable before the heat-

treatment, and this may be carried out by use of a simple.

grooved roller stretching process, i.e. such that the
cross-sandwich touches the surfaces O_f' the grooved rollers
only on the tips of the grobved surface pattern. .

If only one step of compressional transverse
stretching has been applied' (or another process for forming
and stabxlzsmg the curved portions), such smple grooved
roller process has to be used in any case.

_ As a measure to maintain the memory of curved shape in
the stabilised portions of the cross-sandwich,  this
stretching is preferably carried out near room temperature,

‘eg between 15-40°C.

-According to a further aspect of the invention there
is provided an improvement in a 'process of transversely
stretching a film as described in WO-A-8805378. ~ The
process is for transversely stretching a film or film
sandwich by passage between intermeshing, driven grooved
rollers, which grooves are circular or helical, and in
which the film touches the surfaces of ‘the grooved .rollers
only _ori the ﬁips of the grooved surface pattern, and the

-improvement is that in order to remove stretching heat and

keep the polymer material at the desired temperature during |

the stretching, a flow of fluid medium, preferablj air or
water, is ditec ted through the nip of the grooved rollers
on one or both szdes of the polymer material. It was found
that this measure, in addatxon to p*_'e_servation of the
memory of curved shape, also helps to make thé st etchzng
even, and therefore this measure can with advantage be
applied to transverse stretching between grooved rollers of
any stretchable polymer film or film sandwich below its
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the grooves of these rollers to fit with each other. 1In this connection it
I's nated that, due to elastic recovery forces, the undul ated sheet |eaving

the grooved rollers of the first formng step will try to expand with
relatively big force, thereby tending to increase t he di vision between the
undul ati ons, On the other hand the sheet 1fi 1 ~try to contract in the

W in a reratPSRFIE Beuftll 18, phefirRids t“%gﬁeﬁ o Feariad (Fra3a 55 on
By appr opri aneckhdiowa d.fnsmeadesf sdmtdcrdrmgtevealpppo‘shit teﬁdeﬂeye&ocan
be brought tHe@iiRY 4194 %%Ctﬂxo%tth%"on%lﬁ ced when the polymer material
is relat:.vely stiff at the given temperature, and in the .
case of cross-sandw:.ches when the angle between the ma:.n_
direction of orientation and the machme direction is
relatively low. S

While this aspect of the procese is generally
applicable to grooved roller stretchmg, the following
again concerns the achlevement of the cross-sandwich with
u-shaped thicker ribs. o

| The cross-sandwich will leave the ér:ooved rollers in
an undulated form with an undulation wliich need not have
any relation to the orzg‘mal format.\.on of curved port:.ons.

The width of the cross-sandwich f*om edge to edge, *
measured along the undulated shape, and divided by the
straight distance from edge to edge, :Lnd:.ca tes the average
transverse stretch ratio. A part of this stretching will
be eluunated by shrinkage dur:.ng the heat-treatment, while
a part must remain in the f:mal product. The mechanically
determined allowances for shrlnkage and the temperature of -
the heat-treatment must be carefully adjusted to allow the
straightening out of the material between the stabilised
portions, at the same time avoiding elimination of the
curved form in the stabilised portions, or allowing a
recover of this form, if it was lost before.

This controlied transverse s_hrinkage can be carried
out in an oven, while the edges of the cross-sandwich are
guided by conveying devices, but more convenientlv by
feeding the sandwich in an evenly pleated state to one - sre
heated rollers, the degree of pleating adapted to
establish, in conjunction with the transverse shrinkage,
the needed low transverse tension. This is a new use of
the method for transverse shrinkage which is described in
US Patent No. 4,629,525 which already was referred to
above. By correct adjustment of the degree of pleating and
maintenance of a low longitudinal teneion, the systein will
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normally this will not be a convenient way to make the "registration",
because it sets strict limts for the choice of stretching ratios,

roll'er pressures and stretching tenperatures. However, if the net
expansion or contractions (as the case be) is found experinentally
under the wanted conditions, the grooved™rollers of the second form ng step

can be constguphed viddigdyecaril dsadhdisdsian beleene! Nt digpV g3, and
an exact fitting, between s di'vi sion and the undul'ations ‘can be i eved
by smal| adjtepEEels 8ndt Fdeprratedcatdilaxmsvithi Berforneanefirandment
sheet effect. ' -

During this treatment, the bonding between the
individual £films can be increased to the wanted final
value. ' |

preferably the cross-sandwich is also allowed a
longitudinal shrinkageﬂsimultanecusiy wit the transverse
shrinkage. -

- The control of :hé degree of pleating cf the cross-
sandwich when it meets the heated roller or first heated
roller can be established by different methods of which the
preferred now shall be explained.

The cross-sandwich coming out of the grooved'roller_'
unit is transversely tightened in_a_tgntqr;frame or by use -«
of banana-rollers or the like, and the intermeshing between
these grooved reller is adjusted so that the width after
the tightening is substantially equal to the desired final
width. In this state, the transversely tightened cross-
sandwich is fed to a last set of intermeshing grooved
rollers, which are set to give exactly the desired degreé
of pleating.” No spreading-out is performed between this
last set of grooved rollers and the first heated roller.

In order to establish the correct conditions for the
cont;action, the deéree of'pleating at the entrance to the
heating-treatment preferably is at such a value that there
still are a few narrow pleats in the material as this

" leaves the last heated rclier and these pleats are then
removed by very mild tentering, e.g. with a banana-rcller.
After the heat-ireatment, the cross-sandwich is cooled to
ambient temperature. If the process invo;ves separation of
the sandwich £o several cress-laminates, this is preferably
carried out as a last Step. ' '

As it appears frorm the description of the background
of <ne invention, the known <echnslogy %o which :he.
invention is connected, s;a:ts with a generally uniaxial

-

meltorientation, which normally is a very weak orientation
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Date: 1 1 SEP 1998 It should be noted that, when the undul ations are
deep, they show a pronounced tendency to "fall into track” on the grooved
roll'ers of second form ng step. Therefore, if the division of these
grooved. rollers and that of the undulatbon do nct exactly fit to each

other, there will still be "registration intervals along the width of
the sheet ang LOfjfer' B1ERNE! CafB1e ¥t rs@ﬁ;'nv;ebyswmag morphology
("grain. of polymer") in connection with this

meltorientation. The scope ©f the present invention is
neither limited to the use ¢cf such blends, nor to the use
-of weakiy melt oriented films for the cross-sandwiching.
The tubular films which are uniaxially or unbalancedly
biaxially oriented and spiral cut, may have received this
orientation below the melting point. 1In this connection it

is observed that strdngly or medium=-strongly oriented film
(uniaxially or unbalancedly biaxially oriented) which after
cross-lamination are further stretched, usually thereby -
receives a very strong tendency to curl up alon§ one of the
main axes of orientation. However, by use of the first
aspect of the preseht invention this tendency is interacted

by the u-formed 'ribs, and a much stronger uniaxial
character of the initial films is possible, when this is
desirable. The achievement of this effect is a further
'objective of the invention. o '

. The following concerns the second aspect of the
invention, the improved stretching method. t should be
oted that the second forming and stretching step
preferably but not necessarily also is carried out
‘compressionally by combined transverse tentering and
transverse sgueezing action. - As it appear £rom the
foregoing, this second aspect in particular is suitable as
first step or steps of “the manufacture of the "U-rib®
laminate, namely for forming and stabilising the curvature.
However, the method can with advantage also be used for
ther purposes; Thus, if subseguent rocesses are not set-
up as explainéd above for maintaining or for recreating the
"U-structure®, the final product may be completely without
such curvature, but can exhibit a regularity which is
unusual <£for sheet naterial stretched between grooved
rollers. : _
| By a subseguer T Falenaer;nc process, which even may be
carried out at room temperature, it is easy to make the

thickness perfectly even if this is desira b‘e. Examples 2
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t oget her cover nost of the wdth, but between these intervals of
~"registration” there will be narower intervals in which the structure
will be irregular. The alternative way of achieving the "registration"” is
by using for first and second form ng process grooved rollers of the sane
di vi sion, while keeping the distance betwdn each set of rollers which the
sheet passes ove- between the first ‘and second form ng processes
sufficiently dndv 3 owibdlcpresenshddif flexdrde canhiguwrations dofi stortbrédeen

the undulati qlifedf hO€e31Es! naad™ EhEEED!Yed "Bl AkFS BEthBA. l4hdegR1]Ne
i vi si on between t he-undalations
explain the differences between the process steps used to
arrive at these configurations. _

It should also be mentioned that, although this
stretching method in particular f£inds uses in the
manufacture of cross laminates, and more specifically in
the manufacture of cross laminates from polyoclefins, it is
applicable in general  t6 all kxind of thermoplastic,
stretchabie sheet material ihcluding sheet materials which
are not laminates. ' '

' There are two alternatives for coordination or
"registration" of the two steps of compressional transverse )
stretching and forming,-oﬁe being to adjust the division
between the undulations on the sheet entering the grooved
rollers of the last forming step and the division between
the grooves of these rollers to fit with each other.. 1In
this connection it is noted that, due to elastic recovery
forces, the undulated sheet leaving the grooved rollers of
the first forming step will try to expand with relatively
big_force,_thefeby tending to increase the division between
the undulations, On the other hand the sheet will try to.
contract in the transverse ~ direction <during _the
longitudinal stretching process, also with a relatively big
forte, and thereby will tend to reduce this division. By
2ppropriate choice of process conditions these opposite
tendencies can be brought to outbalance each other, but -
normally this will not be a convenient way to make the
'":egistration“, because it sets strict 1limits for the
choice of stretching ratios, <roller pressures and
stretching temperatures. However, if the net expansion or
contractions (as the case may be) is found experimentally
under the wanted conditions, the gtocved rollers of the
second forming step can be constructed with a precalculated
division between the grooves, and an exact fitting between
this_divisipn and the uridulations can be achieved by small
adjustments of the.process conditions. |
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constant are increased bv supplying rollers which the sheet passes over
after leaving the grooved rollers of the fi-rst form ng process and before
neeting the grooved rollers of the second form ng process, w th guiding
tracks, .of the sane division as the divi s*ﬁn on the grooved rollers for the
first and second for ni ng process If snmooth rollers are used between the
two form ng steps, rhutgnaljild w&i @go-@dve-rya hoRineH SEQQC%H&E\Q@@B gagh set
of rollers, there nmay occasi onal | irre uI ar__bands |p the spleet

in general th8®&PyuEREY cSHFY|2 R 'F‘é%l%l%? dency ta "Iall ints ""BCk"

‘en the grocved rollers cf second foraming step. Therefore,

3

if the division of these grooved rclilers and that cf the
tndulation do nct exactly £it to ‘each other, there will
£ill ke "registraticn" at intervals along the width cf the
sheet and these intervals may be relatively wide and
together cover most of the width, but between <these
intervals of "registration" there will be narrower
intervals in which the structure will be irrequlac.

The alternative way of achieving the "registration" is
by using for first and second for;mi'ng process grooved
rollers of the same divisicn, while 'keepinq the distance
‘between each set of :clle-rs which the sheet passes over -
between the first and second forming processes sufficiently
low to force the sheet to keep constant the division
between the undulations ocf the sheet. Preferably the
“forces acting to keep the division bet tween the undulations
constant are increased by supplying rollers which the sheet
passes over atter leaving the grooved rollers of the first
forming process and before meeting the grooved rollers of
the second forming process, with guiding tracks, of the
same division as the division on the grooved rollers for
the first and second formzng process. _

If smooth rollers are used betweén the two ‘ferming
'steps, but still using a very short distance between each
set of rollers, there m'ay océasionally come irregular bands
in the sheet, but in general the structure will beccme
regular.. B _ | _

In a further embodiment of the stretching method the
grooves on the rollers for f£irst and second forming process
are adapted o0 squeeze the sheet within bands only <zhe
sheet portions to becone peaks of the undulations are nct
squeezed, and so that the sgueezed bands of the f:rst

1]

forming process are wider than the squeezed bands c¢f =x
second forming process ' '
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In a further enbodi nent of the stretching nmethod the grooves on the rollers
for first, and second form ng process are adapted to squeeze the sheet

wi thin bands only the sheet portions to beconme peaks of the undul ations are
nct squeezed, and so that the squeezed bands of the first form ng process
are wi der than the squeezed bands of the sxond form ng process 22

The avoiding of any squeezing on the sheet portions
which become peaks is well known from WO-A-89/10312, and
the special feature of this embodiment is that the first
forming process exerts its sqgueezing action over. wider
areas efficiently undulated when it meets the grooved
rollers of second forming process and therefore best apt to
"fall into track", while on the other hand the narrower
areas of squeezing during second forming step sechre that
there can remain thicker "ribs" in the final product when
_this is wanted, e.g. for the "U-rib" ‘structure which is
described in detail in this specification. |

The sheet coming out from the second forming process
may be used as it is for special purposes, but normally.
further longitudinal and/or transverse stretching processes
are carried out subsequent to this second forming process,'_
e.g. for manufacture of the described "U-rib" laminate.

In this connection; an embodiment is characterised in
that the sheet is heated prior to the first forming
process, kept at substantially unchanged temperature before
and during the second farmihg process, and is cooled before
the subsequent stretching. This cooling helps to preserve
the curvature or memory of curvature as needed in the
manufacture of the described "“U-rib" laminate. It also
enhahces.tear strength of the final product and'improves
thé evenness of transverse stretching between grooved
rollers, when this stretching is followed by a heat
treatment under transverse shrinkage (as described in the
introduction to this specificatien).

Finally an embodiment is characterised in that the
sheet is subjecﬁed to calendering between smooth rollers
subsequently to the last transverse stretching step which
is carried out before final use of the sheet.

As already mentioned, the stretching according to this
second aspect of the invention produces a regularity which
is unusual high compared to Xknown stretching procesées
under use of grooved rollers, even when a low stretching
temperature is chosen as required for several purposes. If
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The avoi di ng of any squeezing on the sheet portions which becone peaks is
.wel |l known from WO A-89/10312, and the special feature of this enbodi nent
is that the first formng process exerts its squeezing action over w der
-ar eas eff|C|entIy undul ated when it neets the grooved rollers of second
form ng process and therefore best apt t@3fall into track”, while on the
ot her hand the narrower areas of squeezing during second form ng step
secure that tdner cstzetcreing nprhcessr Acchsding the thiml secondicasphend;this

s b ed, ¢ 191=1w1n@% e’ bhBseSlllt! W erdbihing Seteps| i RRF Adk dgight N
give a fully even sheet thickness and if this required, the
.evenness is easily achieved by the mentioned calendering
even when the temperature during the calendering is at or

© about room temperature, e.g. up to 50°C,

The invention also comprises apparatus to carry out
any of the embodiments of the method according to both
first and second aspect.  The construction of such
apparatus appears from the description of the method and
also from the apparatus drawings.-

The invention is illustrated in the accompanying
drawings in which: _

Fig. 1 shows the embodlment of the product in whzch the u-
shaped ribs protrude from one surface only,

Fig. 2 shows the embodiment in which they protrude from
both surfaces, -

Fig. 3 shows a rib and adjacent méterial more in detail,
Flg. 4 shows an. lrregular rib, still fallinq under the
scope of the invention and

Fig. 5 show a preferred process line for the "U-rib®
structure of the first aspect of the invention and for the
second aspect of the invention as a flow-sheet.

Figures 6A and 6B shows a schematic representation of
apparatus suitahle for carrying out the process of Figure
5.

Flgures 7 and 8 are sectlons through pairs of grooved
‘rollers at thexr surfaces in the nlp.

Fig. 9 is a schematic representation of a 1line
suitable for car*ying out the p:ocess_of the second aspect
of the invention. |

Fig. 10 is a section through one of rollers of Fig. 9
at its surface.

Fig. 11 is a section through another of the rollers of
Fig. 9 at its surface. | |

Figs. 1 and 2 show the thicker ribs, which have cross-
section of form like a flat U, and the bendings in the
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The sheet com ng out fromthe second form ng process may be used as it is
for special purposes, but normally further |ongitudinal and/or transverse
stretching processes are carried out subsequent to this second form ng
process, e.g. for manufacture of the described "U-rib" lamnate.  In this
connection, an enbodi ment is characterise |n that the sheet is heated

prior to the first formng process kept substant lally unchanged
tenperature b d | 0O r g a cop|l ed
bef or ot he- suRRRNBARE o SERA e, EhUnpBLARRTT s HE Lhe TR R0E!

curvature or rﬂtmrqrazﬁs-csec'aimeoﬁstﬁ@ed@ncswﬂ.numate shown in tig 1
will normally be formed when eg four films are taken
together in the nLateral Ca'lenderinQ”_prooess (i.e. through
the compressionally working grooved rollers) are separated
into two cross-laminates at the end of the prooess line,
provided there is only used one step of "Lateral
Calendering®™. In the more efficient procedure in which two
mutually registered "Lateral Calendering” steps are used
with 1ongitﬁdina1 stretching in between, the cross-section
of £ig. 2 will normally be formed. This 'c'ross-section will
also normally be the :esulﬁ of - 'using- one "Lateral
Calendering"® step alone without any separation following.-

Fig. 3 111ustrates the deflnitxon of the angle (v),
which is the angle between the two tangency planes on the
concave side of the rib near 1ts two boundanes at the
locations where this angle is max:.mum, 15 at 1eas* 10°,
taken as an average for ‘the d:.fferent r:.bs across the
cross-laminate.

Fig. 4 shows a rib-shape V which can be formed if a
le.ght amount of stretchlng has taken place on the tip of

the rib-forming grooved roller. This deviation is
-acceptable as a compromise to enableﬁthg use of cheaper
machxnery. '

The flow sheet fig. 5 sununarzses the most preferable
procedure, which involves two steps (steps 4,6) of "Lateral -
Calendering®™, and the process 'steps' to form the ribs of the
laminate (steps 9,10) has been described in detail in the
foregoing. |
Example 1

This example is based on example 3 WO-A-88/05378, with

' some variations as explained hereinafter.

The example relates to the manufacture of a high-
strength cross-laminate in a commercial process using a
technique in which the sheet is stretched and laminated
while in double thickness and is separated at the end cf
the process. Each layer is a coext.'ruded_'film and ccntains
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manuf acture of the described "U-rib" |amnate. It al so enhances tear
strength ,of the final product and inproves the.evenness of transverse
stretchi ng between grooved rollers, when this stretching is followed by a .
heat treatnent under transverse shrinkage (as described in the introduction
to this specification). Finally an enbod®®%ent is characterised in that the
sheet is subjected to cal endering between snooth rollers subsequently to
the | ast traflshverenessuafanenlayespwhichhacssc as inelenae bfyse in tiie use

of the sheety, fite ALLERENG FPOEOEET anBOus] ERT &8 Hifle 35£0E I Iifle t Gl dlives
- the heat-sealing properties (in the following referred to
as release/seal layer) and . o :
(2) another surface 1layer which promotes the bonding
‘(blocking) of the plies of the laminate to each other.

A tubular film is extruded comprising a main layer in
the middle, in which 1layer the strength essentially
resides, and the above mentioned release and lamination
layers.

The three layers form 15%, 10% and 75%, respectively,
of the total film. _ -

. The gauge of the extruded film is 62 g m'2. The main
layer of extrusion consists of 70% HMHDPE of density‘0.95
(melt flow index about 0.05% according to ASTM D-1238

. condition E) 20% LLDPE of hexene type and melt flow index
0.8 (ASTM D-1238 condition E)and 10% homo-polypropylene of
melt index 0.3 (ASTM D-1238 condition L).

The release/seal layer consists of an intimate blend
of 70% of the same LLDPE + 30% EPDM (ethylene-propylene-
‘dimene) melt flow index about 0.4 (ASTM-D1238 condition E)
of trade name "Nordel NDR 571S. _ :

The extrusion temperature is 240°C, the diameter of
the annular éxt:usion orifice is 385 mm and the blow ratio
'1:1.2. Each of the tubular films is cut helically under an
angle of 30° and four such films, each having a width of
abéut 1250mm, are laminated and stretched with the surface
layers facing one another in the following sequence:

(1) lamination layer to lamination layer,

(2) release/seal layer to release/seal layer,

(3) lamination layer to lamination layer.

Initially, the assembly of the four films, which still
are not bonded togetner, is preheated on a pair of rollers
to about 50°C and fed under tension into the appafatus
shown in Figures-sh and 6B as described further below.

The apparafus of Figure 6 comprises a long grooved
roller 9 and mutualiy staggered rows of short grooved
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second aspect of the invention produces a regularity which is unusual
~conpared to known stretching processes under use of grooved rollers, even
when a low stretching temperature is chosen as required for severd
23 the stretching process according to this second aspect,
i ncl udi ng the subsequent stretching stepgs do not al one give a fuIIy even
sheet thickness and if this required, the

‘rollers 10 and 11 on opposite sides of the roller 9. Each

pur poses.

| f

of those rollers has a groove profile as shown ;n Figure 7.

‘Each groove comprises a base 6a or 6b, outwardly inclined

side walls 5a or 5b and a peak 7a or 7b. The side walls 5a
and 5b of opposing rollers are parallel over a portion of

hi gh

their length. Each base 6a and éb is of a size such that -

the film is not under compressxon between the peak and
base, even though it is under compresszcn between the s;de
walls Sa and Sb. This is achieved by shaplng each base so
as to provide a small space 8 between the film and the
base. The peaks 7a on one roller are preferably separated

by about 1 mm, in the actual example 1.4mm. The angle of

between the parallel portlns of the side walls is 55° and .

the radius of curvature on the tzps 0.20mm. The rollers 10
and 11 are mounted so that they can be pressed agalnst the
roller 9 with any chosen force.. In practice the roller 9
is driven (by means not shown) and the rollers 10 and 11
can then be driven by the roller 9 through the sheet 4.
The apparatﬁs'includes a longitudinal stretching unis
consisting of four smooth rollers 17, 18, 1% and 20 (19 and

- 20 forming a n1p) driven at a speed so as to give the

desired degree of stretchzng, and 1t also includes at least
two further pairs of zntermeshlng quOVed rollers 21, 22
and 24, 25. These are of the desxgn shown in Flgure 8 and
are *all driven rollers.

_ Conventional xntermeshing rollers A and B for the
transverse stretch;nq_of a £film 4 are shown in Figure 8 and
have circular grooves formed of a base 3a, 3b side walls

2a, 2b and peaks la and 1b. The peaks on one roller have

a separation of about 4 mm.
fter the first set of conventional grooved rollers
21,22 the cross-sandwich is passed over banana roller 23
which mildly tenters the crcss-sandwlch and spreads it by
eliminating the pleats formed by the grooved rollers 21 and
22. | | :
The film is then passed through the second set of
conventional grooved rollers 24, 25 to form a pleated shape
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evenness is easily achieved by the nentioned cal enderi ng even when the
‘tenperature during the calendering is at or about roomtenperature, e.g. up
to 50[err]C. The invention also conprises apparatus to carry out any of the
enbodi nents of the nethod according to baoth first and second aspect.

The construction such appar at us. apﬁ@érs fromthe descrlptlon of the.

T The accomaai r“%{oﬁ% B e eri a8 | tBRough: ReaBRtoupadmFsoAtt no
product in \Mglooh: tjsg 27 which "iron" the pleated cross-sandwich. The
rollers 21, 22, 24 and 25 provide the transverse stretch to

the laminate. The film must be relatively cold whilst .
progressing through those rollers or the memory of the
increased thickness portions will not be retained.

The:efore an air jet of ambient temperature is blown
through the nip of the grooved rollers 21, 22 and 24, 25 on
both sides of the cross-sandwich to cool the sandwich and
remove stretching heat, thereby also minimising the
tendency to "necking". The ambient temperature is 33-c
(the trial carried out in a tropical country)

The long roller 9 is formed of 25 segments of hardened
steel each 60 mm long and the two rows of'shprt rollers, )
each comprising 13 rollers, are also'forqed of hardened °*
steel and each matches a segment. Eaéh segment terminates
‘at each end in a half-groove which is about 0.05 mm wider
than the half width of the other grooves, so as to allow
for inaccuracies in assembling the rollers and at the same
time prevent narrow regions of the film sandwich from
becoming strongly squeezed by end teeth on the rollers 10
as well as be end teeth on rollers 11. The segments are
firmly screwed- toget her axially on a common core. The

- segments have a diameter of 200mm and the short rollers a
diameter of 150 mm. The film speed entering the rollers is
about 25 m/min. ' '

~The rcller pressure on the grooved rollers 9, 10, 11
is adjusted to a value which is as high as possible without
getting holes in the cress-sandwich,-in actual fact to 200
kilo per cm length. '

~ As already mentioned the cross-sandwich is preheated

to 50°C. The rollers for "Lateral Calendering" (9, 20, 11)

- and for the subsequent longitudinal stretching (17 to 20)
are kept at 40°C. | |

The longitudinal stretching is set to give a stretch
ratio 1.25:1 in the final product.
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shaped ribs protrude fromone surface only, Fig. 2 shows the enbodi nent in
whi ch they protrude fromboth surfaces, Fig. 3 shows a rib and adjacent
material nore i-n detail, Fig. 4 shows an irregular rib, still falling under
t he scope of the invention and Fig. 5 show a preferred process line for the
"Urib" structure of the first aspect of28he invention and for the second
aspect of the invention as.a flowsheet. Figures 6A and 6B shows a

schemati c represefhet iaterheshingasfs the ttidst fget caf rgrooveditrd gy ocess

of Figure (21, 22) used after the_longitudinal stretching is set to
give the final transverse stretch ratioc 1.33:1. The final
area stretch ratio therefore is 1.25 x 1.33 = 1.66:1.
Since the original film gauge is 62 g'm'z and the final film
is twoéply, this means the final gauge should be
(2 x 62):1.66 = 75gm’2. The final gauge is also directly
verified as mentioned below. : '

| Thus, like in the mentioned example 3 of WO-A-88-~

05378, the cross-sandwich leaving the first set of grooved
rollers (21, 22) after the "Lateral calendering" (9, 10,
11) and longitudinal stretching (17 to 20) is mildly
tentered over banana roller 23 before entering the second |
set of conventional grooved rollers;'24, 25. The distance
from edge to edge.of the cross-sandwich is kept constant
after the passage through the second set of groocved rollers
24, 25, but unlike the conditions in the said example, the
second longitudinal stretching is omitted, and thé pleated
material goes directly to the heated rollers 26, 27 for the
heat treatment. These rollers are heated to 80°C, and at
the end of this treatment, the material has practically
reached this temperature. -

The longitudinal tension between the last ‘set of
grooved rollers 24, 25 and the first heated roller 26, is
kept high, whereby the pleats introduced in the material by
these grooved rollers can be kept very evenly distributed,
but at the entrance to the heating ¢treatment, the
longitudinal tension is reduced to a practical minimum,
(i.e. beyond roller 26) so that friction between the heated
rollers and the material is kept low to allow'elimination_
of the pleats by <transverse shrinkage. Also, a high
tension here would cause a too strong ironing effect. The
low tension further allows the material to stretch in the
longitudinal direction, theréby' stabilising this dimension.
In order to enable the meritioned change of tensions, roller
29 is driven at a controlled velocity and forms a nip
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5. Figures 7 and 8 are sections through pairs of grooved rollers at their
surfaces jn the nip. Fig. 9 is a schematic representati.on of a line
suitable for carrying out the process of the second aspect of the
invention. Fig. 10 is a section through one of rollers of Fig. 9 at its
surface. Fig 11 is a section through anot $r of the roIIers of Fig. 9 a.

ts surface. R gseded"dstaoNRbblg LEEEE T1ES LORARSeTT SR are
rollers. _ '

Between the heat-treatment unit 26, 27 and cooling
unit rollers 29 and 30 there is installed a very mildly
acting banana roller 31 for spreading. 29 and its counter-
nip roller 32 are driven, while 30 is idling. The tensions
along the line are controlled by tension~control-rollers,
32, 33, 34, 35 and 36 _

The intermeshing between the last pair of grooved
rollers 24 and 25 is very carefully adjusted so that there
still are some fine pleats in the maﬁerial as it leaves the -
last roller of the heat treatﬁent, but no pleats after the
mild banana roller action. | _ N

Like in_thg mentioned example 3, the material is
separated into two cross-laminates by peeii._ng_ apart betweerr
the second and third films. '

The cross-section is examined in microscope, and the

-,self-supporting'capability judged by bending over an edge,
with a strip acted by its own welght.

Different samples of ordlnary LDPE-film are similarly
trled for comparxson. _

The cross-section is of the type shown in fzg. 1, with
the angle v (*eference to flg. 3) typically being 30° and
the thickness at the middle of the ribs is about 1.5 times
the average thickness between the ribs.

The self-supporting capability accord;ng to the
mentioned test corresponds to that of a 140 gm LDPE-film,
while the gauge of the cross-laminate is found to be 73
g m»? which agrees closely with the calculated value
mentioned above. '
Example 2 _ _ _ _

One objective of this example is to demonstrate the
2nd aspect of the invention, in which a sheet in two steps

- is transversely - stretched and formed between

- compressionally working grooved rollers in a "registered®
system with longitudinal stretching between these. tﬁc
compressional stretching and forming steps.
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section of formlike a flat U and the bendings in the 24 opposite -
direction at or near the boundaries of the ribs. The cross-section of the
cross-lam nate shown in fig. 1 will normally be fornmed when eg four filns
are taken together in the "Lateral Calendering” process (i.e. through the
conpressional Iy working grooved rollers) 3 e separated into two
cross-lamnates at the end of the process line,

Another objective of the example is to demcnstrate a

particular efficient procedure leading to the cross
sectional configuration shown in Fig. 2, {i.e. the
configuration in which the convex side of the ribs, in
alternating arrangement, is on cne and on the other side of
the cross lamlnate (contrary to the arrangement resulting
from the procedu*e of example 1).

The process follows the flow sheet of Fig. s, except
that there is applied a 2nd longitudinal stretching step

between steps 6 and 7.

The composition of _Co—-extruded f;lm, extrus;on
conditions, conditions of splral cuttzng and arrangement of
4 spiral-cut films for lamination all are as described in
example 1, except that the gauge of each of the co-extruded
films in one trial is 65 gm and in another trial 130 gm
Thus, the sandwich used in the process consists of 4 fllms,
each with a 30° angle between the longitudinal film
direction (the mach*ne d;rectzon) and the direction of
melt-orientation, and with the directions of melt- |
orlentaticn arranged such that the 2-ply laminate wh'ch_
come out at the end of the line both are cross laminates.

The combined stretching, lamination and fqrm;ng'pf n"i-
Ribs" is carried out in the iine shown in Fig. 6A, except
that the apparatus'indicated'hy a box now is the roller-

- line which schematically is shown in Fig. 9. |
General desc iption o he stretchin ine and ~ process:

The first step of compressionally 'transverse
-stretching and forming takes place between . On one side
of the film-sandwich the'grooved roller 37, and on the
other side the 2 mutually staggered rows of short grooved
rollers 38 and 39. The similar 2nd compressional step
takes place between the grooved roller 40 and the 2 rows of
short rollers 41 and 42. '

Each of these sets of apparatus for compressional
stretching and forming consists of (see Fig. 6B) rcller 9,
staggered rows of short rollers 10 and 11 and connected
equipment 12, 13, 14 and 15, and the surface pattern on the
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provided there is only used one step of "Lateral Calendering”. In the nore
efficient procedure in which two mutually registered "lateral Cal endering”
steps are used w th |ongitudinal stretching in between, the cross-section
of fig. 2 will normally be forned. This_gross-section will also normally
be - the result of wusing one "Later% Cal endering" step al one w t hout
any separatlon fo

(v) which | T PRLe Lg‘%%%?ﬁe%?é’f?lesléqlﬁﬁr Z%anggﬁld:fﬁ g%hofmeyégggaggggsde
of the rib Dimensienswofbdieard Xerd ama bﬁctheora.lee p&ttemgiﬁel S
mexi mum i spate i SR8H BRAGW.)

In order to withstand the high forces of the
compression, each of these qrooved rollers is made of
hardened steel. The surface pattern is machined with an
accuracy of +/- 5 micron.

The 4-ply film-sandwich comes from a roller unit (not
shown) 'in which it is heated to 60°C. It is taken-up by
the smooth nip-rollers 43/44 before it meets the grooved
rollers 37, 38, 39 for first transverse stretching and
forming. From 37 it pa_sses into the first longitudinal
stretching apparatus consisting of rollers 45, 46, 47 and
48 and then meets the rollers 40, 41 and 42 for 2nd
transverse stretchmg and forming. In order to "register" ¢
- the two form.ng steps, the surfaces of rollers 45 and 46
_have guiding tracks as shown in Figs. 10 and 11. Further

- about this guiding will be mentioned later. The main
longitudinal stretching in this part of the machine takes
place between rollers 45 and 46.

The stretched sendwich then passes into the 2nd
10ngitud1na1 stretching apparatus consist:.ng of the smooth
rollers 49 to 55 and continues further as shown in the flow
sheet FJ.g. S, or in other words through the steps which in
Fig. ,5 are numbered 7 tc 12. As it appears from tlus, the
cross laminate of 4 films is split into two biaxially
stretched z-ply laminates at the end of the entire process
1ine. _

All rollers are 'supplied with drives, except the
rollers in the staggered rows 38/39 and 41/42, and except
rollers 44, 48 and 55 (which are driven only from the
.counter rollers through the film-sandwich). 44, 48 and 55

~ are rubber coated rollers used to form a nip, while all
other rollers are steel rollers and have an internal water-
circulation either for maintenance of the temperature of
the film-sandwich or for cooling, as the case may be "(see
below) . | |
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taken as an average for the different ribs across the cross-lam nate. Fig.
4 shoms a rib-shape V which can be fornmed if a slight anmount of stretching
has’t aken place on the tip of the rib- f ormi ng grooved roller. - This
deviation is acceptable as a conproni se to enable the use of cheaper

machi nery. The flow sheet fig. 5 sunmari 3@s the nost preferable procedur e,
whi ch involves two steps (steps 4,6) of "Lateral Calendering”, and the
process st eplemBeraturelde ribs of the laminate (steps 9, 10) has been

described in detapl H%dﬂﬁoned, the sandwich which is fed between the
| nip rollers 43 and 44 already has been heated to 60°C in
apparatus not shown. Roller 43 is also heated to the same
temperature. The oompressxonally working grooved rollers
37, 38 and 39 ocught to be maintained at a slightly lower
temperature than the film-sandwich. Should they by mistake
get a higher temperature there will be a risk that
S "necking™ will occur in the middle of the ribs as shown in
Fig. 4, or deeper than shown. .Therefore roller 43 and the
bearings and housing in which the short rollers 38 and 39
are nested are kept at 50°C and there is constantly blown
ambient air on 38 and 39. Ambient temperature about 20°C.
" After the 2nd transverse stretching and forming process,
the laminate is cooled to about zo‘o before any essential
- further stretching, and the lamlnate 1s kept at about this
temperature at all steps before the heat treatment.
Therefore rollers 49 to 54 1n Fzg 9 and 21, 22, 24, 25, 26
and 27 are kept controlled at the tempera.ure 20°C.

The main longitudinal stretching during the 2nd step
takes place between 52 and §3, whereby the laminate can be
sufficiently cooled by the passage over rollers 49 to 52.
Like in Example 1, the temperature of the heat treatment
rollers (29 and 30, see Fig. 6A) is kept at 8o0°C.

Ve iti e tret 108

When velocities of rollers are mentioned in the text
below, this refers to the circumferential velocities.

The velocity at the end of the total stretching line,
i.e. after separation 1nto the 2-p11es cross laminates, is
set to 60 m/min (1 ms )

| In order to avoid wrihkles; the roller 37 runs 5%
faster than roller 48, and in order to secure a precise
transfer to roller 45, this moves 5% faster than roller 37.
The ratic of velocities between rollers 45 and 46, which.
establishes the main longitudinal stretching between the
twe forming steps, is variable. The adjustment of this
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foregoi ng. Exanple 1 This exanple is based on exanple 3 WO A-88/05378, with
sone variations as explained hereinafter. The exanple relates to the

manuf acture of a high- strength cross-lamnate in a comercial process
using a technique in which the sheet is stretched and | am nated while in
doubl e thickness and is separated at the %hd of the process. Each |ayer is
et ruded J1im 829 it ekt | Mol SRRV e PR skt 5

velocity as 46. ' :

- In order to produce'optimﬁh-strength properties, the
longitudinally stretched laminate is preferably'relaxed,'at
least in part, between rollers 47 and 40. Therefore the
ratio between the velocities of these rollers is also
variable. It is adjﬁsted subjectively to a value which
gives about minimum tension in the laminate without
creation of any wrinkles. ' _ | |

The smooth longitudinal stretching rollers 49, 50, 51
and S2 mutually move at the same_velaciiy[ which is 5%
faster than that of 40. The ratio between 52 and 53 again
is variable (about the adjustment: see below). 54 and S5
move at the same velocity as 53. The setting of-tensions
during the rest of the stretching line (see Fig. 63) '
corresponds to what is written in Exémple 1.

The intended longitudinalgstretch ratic in the.final
product is 1.35 : 1. This is achieved by trial and error,
while varying the ratios of velocities between rollers

. 45/46 and 52/53, at the same time keeping these two rétios
equal. - ' |

The intermeshing Qf:the_fi:st.set_of grooved rollers
(21, 22)'used after'the fuli-iéhgitudinal stretching'is set
to give the final transverse stretch ratio 1.35 : 1, i.e.
the same as the longitudinal stretch ratio. The final area
stretch ratio therefore is 1.35 x 1.35 = 1.82 : 1. This
corresponds to a final qaugé after separation into two 2-
plies, of in one trial 65 x 2 : 1.82 = 71 z;‘m'z and in the
other trial 1.30 x 2 : 1.82 = 143 gm’, which also is
established directly. Like in Example 1, the intermeshing
between the last péir_of grooved rollers (24, 25) is very
carefully adjusted so that there still are some fine pleats
in the material as it leaves the last roller of the heat
treatment, but no pleats after the mild action of banana
roller 31. : _ _ .
Pattern of roller surfaces, distance between rollers,

- gdiameters of rollers, roller pressures
| | This iz e 1eptacement sheet
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25 (1) one surface |layer which acts as release layer in the manufacturing
process, and which at the sane tinme inproves the heat-sealing properties
(in"the following referred to as rel ease/ seal layer) and (2) another
surface |ayer which pronotes the bonding (blocking) of the plies of the
| am nate to each other. A tubular filmi sggextruded conprising a main |ayer

in
As mentioned above, the surfaces of rollers 37, 38,

39, 40, 41 and 42 are formed as shown in principle in Fig.
7. More specifically, the angle between the parallel
portions of the surfaces of the grooves is 55° and the
division measured from middle to middle of each tip is 1.60
mm, i.e. 0.2 mm bigger than that used in Example 1. The
reason for this is that the machine must be able to stretch
a heavier sandwich, namely in the second trials 4 x 135 g‘m’z

" which is eguivalent to about 600 micron thickness.

The radius of curvature on the tips are: on rollers
37, 38, 39 0.20 mm-and on rollers 40, 41, 42 0.30 mm.
Under the prevailing circumstances, the 0.2 mm has been
found to be about the smallest which can be applied without -
creating a neck as shown in Fig. 4, and it leads to a very
efficient waving of the cross section of haterial, with the
result that the laminate easily "falls into track" on the
following rollers.

‘The reason why'the radius of curvature on the tips on
the rollers 40, 41, 42 is bigger than this, namely 0.30 mm,
is that the squeezed, band-formed portions in the second
forming process then become narrower than the squeezed
band-formed portions in the first forming process, which
has the effect that the thickening of the ribs becomes more
pronounced. If the stretching line were destined only for
manufacture of cross laminates'without the "U-Ribs" (as the
final products in Example 3) it would have been more
convenient also to use 0.20 mm as radius of curvature on
the tips of rollers 40, 41, 42. '

' Rollers 45, 46 and 47, which have the function to
transfer and lohgitudinally stretch the laminate without
bringing the waved configuration out of order, have =uch
more shallow grooves (tracks) with the same division as
those on the grooved rollers for compressionally forzing
and stretching. On roller 45, the angle between the rcller
axis and the surfaces of the grooves is'45°, by which they
approximately fit with the configuration of the waved
cross-sandwich (see Fig. 10) while the corresponding angle
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the mddle, in which |ayer the strength essentially resides, and the above
mentioned rel ease and | am nation |ayers. The three |ayers form 15% 10% and
- 75% respectively, of the total film The gauge of the extruded filmis 62
g m. The main |ayer of extrusion consist35of 70% HVHDPE of density 0.95
(melt flow index about 0.05% according to ASTM D- 1238 condition E) 20%
LLDPE of hexesre roilersiciérednd f4 Duis noleky 03 8° ( fTe/ Fig2381pobni ot der Bmnd

10% horo- pol ypL 0Py 60 Of aliEhate WX Lards$erdd Dongd8ct 2Bl WePlrdan ¢
‘naturally tends during the longitudinal stretching.

The statement above that the g:déves (tracks) cn <he
longitudinal stretching rollers have the same divisicn as
the grooved rollers for comptesSional stretching and
forming, must be understood on an average basis as follows:
like in Example 1, the long grooved rollers are forzes of
segments (in this case each segment is 80 mm lcng) screwed
together on a common core, and each segment terminates at
each end in a half-groove which is 0.05 mm wider than the
half-width of ‘the other grooves. (Explanation: see Exa=ple
1). This extra 0.05 mm at each end ¢f each segment is
taken into consideration in-cglculéticn of the average-
division, so that errors don’t add up from roller +%o

roller. o R '

The waved laminate exhibits a strong tendency to
expand laterally before the longitudinal stretching, while
the longztudxnal stretching creates a tendency to contract
laterally. ©Under the stret chlng conditions selected in
this example, the tendency tc expand is prevailing, under
other conditions it can be oppositely. However, the tracks
on the rollers have the function to aveid any expansicn -or
contraction. In order to achieve this effect, the disctance
between rollers 37/45, 45/46, 46/47 and 47/40 are only a
few mm each and are adjustable. These rollers are very
precisely lined-up to kéép the waved laminate properly "in
track". To this end, the frames for the rollers is made
sufficiently stiff, and there is chosen a relatively Bt
diameter (300' nm) for all rollers which o herwlse by
bending could disturb the alignment. The o ther driven
rollers have the same diameter (300 mm) but in this case in
order to get sufficient heéting/cooling surfaces.

The distance between 43/37 and between each pair of
neighbour rollers in the row 40 - 54 are less critical and
are chosen to about 20 - 50 mm each. The bearings and
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The rel ease/ seal |ayer consists of an intimate bl end of 70% of the sanme
LLDPE + 30% EPDM (et hyl ene- propyl ene- dinene) nelt flow i ndex about 0.4
'(AS‘TM D1238 condition E) of trade nane "Nordel NDR: 5715. The extrusion
tenperature is 240[err]C, the dianeter of the annular extrusion orifice is
385 nmand the blowratio 1:1.2. Each of stghe tubular filnms is cut helically
~under an angle of 30[err] and four such filns, each having a -w dth of about
1250mMm  are |tammeatetiaris euzr:etmjw mtéud:heasuayaeaata!néSrém;eﬁa ea8f

another in the hYd Qe LS HEnd VndABERY 87 LAYC11hg, Tam nation

' The short grooved rollers in rows 38/39 and 41/42 have
diameter 150 mm as in Example 1. The pressure between
these rollers and their corresponding long rollers 37 and
40, respectively, is set at the highest value which can be
applied without making holes in the cross-sandwich. With
feeding of 4 x 65 = 230 gm'> film-sandwich, a roller
‘pressure of 200 kg per cm roller length is chosen, and with
feeding of 4 x 130 = 520 gm'> film-sandwich a roller
pressure of 300 Xg per cm roller length. :

ult '

‘Samples from the 71 gn'’ cross-laminaté is tested in -
the same way as in Example 1, while samples from the 143
gn'? cross-laminate only is tested by the microscopical
examinations. Both sets of samples show the convex side of
the ribs in alternating arrangement on one and on the other _
side of the laminate as shown in Fig. 2. The gauge between
the ribs is clearly' more even than observed on the laminate
of Example 1. The angle v (reference to Fig. 3) typicélly
"is about 40° on one side and 30° on the other side, and the
thickness at the middle of the ribs is about 1.8 times the
average thickness of the materzal between the ribs.

The self-supportmg capability according to the test
mentioned in Exampl'e 1 for the cross-laminate of gauge 71
gm? corresponds to that of a 160 gm- LDPE film.

Compared to the simpler and cheaper process lin_e used
in Example 1, the process used in Example 2 has the
following advantages: _

1. It can make the convex side of the ribs alternately on
one and on the other side (Fig. 2) even when the material
'is separated in the middle at the end of the process.

2. It can produce the "U-Rip" structure at higher linear
~velocities. | _ _ '

3. £ can operate with thicker material.

4. The material between the ribs becomes more even.
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(2) releasel/seal layer to release/seal layer, (3) lamnation |layer to

| am.nation layer. Initially, the assenbly of the four filns, which stil

are not bonded together, is preheated on a pair of rollers to about 50[err]
C and fed under tension into the apparatugyshown in Fi gures 6A and 6B as
described further below The apparatus of Figure 6 conprises a |ong grooved
roller 9 andlﬁﬁhgghtxlstaggered rows of short grooved This is the

repl acenent shee
_ The purpose of _this example is to show how the
procedure of Example 2 can be modified to make a cross-
laminate without "U—RibS", when this is desirable, and in
this connection demonstrate the.advantages'of carrying out
the two compressional transverse sttetchihg steps -in
"registered" manner.
The procedure of Example 2 is repeated in exactly the
o same way except as follows:
' 1. Longitudinal and transverse stretchxng ratio as
measured at the end of the process each is 1.40 : 1. Areas
stretch ratio therefore 1.40 x 1.40 = 1.96 : 1.
2. Temperature of heat treatment 100°C (Rollers 29 and
30). e .
3. The intermeshing between the last set of grooved.
rollers is adjusted by trial and error to a value slightly
. lower than that which restores the U-shape. (If much
lower, the thickness will become more irregular).

The process is carried out ‘both with the four cross-
sandwiched films of each 65_gn4-and-those of each 13o'gmq.

For comparison, similar trials are carried out without
nregistration", and for this purpose the line is operated
in two steps. After preheating of the 4-ply, both'steps
start between rollers 47 and 48. The first step ends with
roller 55, after which the- 4—p1y is spooled up for use
again in second step. - :

In this step, the 4-ply goes through the entire route
from 47/48 to and including the heat treatment, cooling and
separation. : | |

. Before first step, the 4-p1y is heated to 60°C and
rollers 47/48 are heated to the same temperature. while all
following rollers are Xept at 50°C. Before second step,
-the 4-ply is heated to 50°C and the rollers for

compressional transverse stretching' are kept at this
temperature while the rollers for longltudlnal stretching
are Xept at 20°C.

This is the replacement sheet
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26 rollers 10 and 11 on opposite sides of the roller 9. Each of those
rollers has a groove profile as shown in Figure 7. Each groove conprises a
base 6a or 6b, outwardly inclined side walls 5a or 5b and a peak 7a or 7b.
The side walls 5a and 5b of -opposing rollers are parallel over a portion of-
their length. Each base 6a and 6b is of ggsize such that the_filn1is not
under conpression between the peak and base, even though it is under

conpressi on bet weahet ubssfuent | processessSare Toagriedaditciesady shapi ng
each base 50 came conditions as explained above-in connection with the '
"registered™ procedure. :

In both steps, rollers 47/48 are used to give the 4-

ply a_st_strain before the compressional stretching. Total
' stretch ratios are the same as in the "registered" process.
Results:

Cross sections of all of the final products are
examined by microscope. Those which were stretched in
"registered® manner exhibit the thicker ribs at even
spacing; but bétween the fibs the thickness is very even.

A mild cold calenderlng easily eliminates the rxbs, and the
thickness then becomes even all over.

Those samples which were not stretched in'“registered“
manner, show intervals of about 10-20 mm width which look
almost like the above mentioned regular strpéture"(because
of the tendency of the waved film to "fall into track") but
between each of these intervals there are intervals of
about 5 - 10 mm width in which the structure is irregular,
with spots of the cross section frequently 1ess than half
of the average thickness. '

With the available apparatus fcr cold calenderzng, it
was not possible to elzminate the thin 11nes of these cross
1am1nates.

Example 1 and the "registgred” part of example 3 are
repeated with the differencg that the starting films are
made on basis of polYpropylene. Composition of middle
layer of the co-extruded films (75% of the total film):
80% homo-polypropyléne of melt flow index of 0.3 (ASTM No.

D-1238 condition L) + 20% LLDPE (same ASTM but condition
E). '

The surface layers, 10% and 15% of the total film are
the same as in examples 1 and 2.
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as to provide a small space 8 between the filmand. the base.. The peaks 7a
on one rokler are. preferably separated by about 1 mm in the actual
exanple 1.4nm The angle of between the parallel portins of the side walls
is 55[err] and the radius of curvature on the tips 0.20mm The rollers 10
and 11 are nounted so that they can be pré§bed against the roller 9 with

any chosen force. Ig S{actlce the rollgr 9 is driven (by nmeans not shown)
and the rollers 10F4}® FRYGESY hedh BB drfotnthe t#tbiabld:m'réspdsmd)i@@ the

RETR vt et cre el i

Otherwise the procedure of these examples are exactly
followed.

Results:

Cross sectional profile: The shapes of the U-Ribs closely
correspond to the respective samples of exampleées 1 and 2,
except that the trial corresponding to Example 1 leads to
2 more even thickness between the ribs.

The self-supporting capability, expressed as the
thickness -qf LLDPE film which is equivalent in this
respect, is-about 20% higher than exhibited by the cross-
laminates of Examples 1 and 2. .

This is the rep!acement sheet



20 formng a nip) driven at a speed so as to give the desi r ed degree of
stretching, and it also .includes at |east two further pairs of intermeshing

grooved rollers 21, 22 and 24, 25. These are of t he m’umﬂumnmmm Figure
-8 and are all driven rollers. Conventional internes " B for
the transverse stretching of a film4 argeshown in Fi* gu e 8 dhd *have

circular grooves forned of a base 3a, 3b side walls 2a, 2b and peaks | a and

1'b. The peakglgMsne roller have a separation of about 4 mm After the

first set of qonvint'é)c@s!- rn? erglfl earts least two films formed from

orientable thermoplastic polymer material, in which each
film is uniaxially oriented or biaxially oriented in
unbalanced manner, and the major directions of the
individual films cross-c*csé each other, and the cross
laminate exhibits a pattern of strzatzons ~constituted by
thickness variations corresponding to the variable
stretching ratiocs in the direction perpendicular to said .
striations, characterised in that said pattern comprises
ribs which are thicker than the average thickness of the
laminate and have a generally concave and a generally
convex surface to form a bending of the rib transverse of .
its ldngitudinal direction and in that the material in or
adjacent to the boundaries of the ribs in the tensionless
state of the material are bent in'the'oﬁposife-direction.to
the rib to give the material between the two adjacent ribs
2 generally straightened-out shape. ]
2. A cross-laminate according to claim 1, erise
in that said ribs mutually are axranged in a generally
regular pattern over substantlally its entire width.
3. A cross-laminate accordzng to claim 2, characterised
in that the convex sides of ‘the ribs in alternating
arrangement are on one and on the other side cf the cross-
laminate. :
4. A cross-lam;nate accord;ng to claim 2, chargcteglsed
in_that the convex sides of the ribs are on one and the
same side of the cross-lam;nate. '

S. A cross-laminate accord:.ng to claim 2, charac erlsed .

in_ that the average division between nelghbour ribs is
- between 1 and 10 mm, measured from peak to peak and taken
 as an average. - '

6. A cross-laminate according to claim 2, characterised
in that the average thickness of material between ‘the
boundaries of the ribs, defined as the locations where the
rib thickness meets the average of the cross-laminate
thickness in a ‘local region around and including the rib
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e

21,22 the cross-sandwi ch i s passed over banana ro ' \ ldly
tenters the cross-sandwi ch and spreads it by eli ﬂ“ﬂ\“ﬁg‘ Bkt s forned
by the grooved rollers 21 and 22. The filmis th ssed % hrfough t he

second set of conventi onal grooved-?ollers 24, 25 to forma pleated shape

This is the replacenent sheet Date: 1 $kP 1998

and several neighbour ribs, is at least 15% and preferably
at least 30% lower than the maximum thickness of the rib.
7. A cross-laminate according to claim 6, characterised
in that general substantially no local thickness is lower
than 30% and preferably no ;cwerfthan-so% of the average
laminate thickness. - '
8. A laminate according to claim 2, characterised in that
the angles between the two tangency planés on the concave
side of the rib near its two boundaries at the locations

- where this angle is makimum, is at least 10°, taken as an
average for the different ribs across the cross-laminate.
9, A laminate according to claim 8 characterised in that
the said angle is between 25° and 90°. -
10. A laminate according to claim 2, gharacterised in that .
bigger thickness of the ribs and their U-like profile have °*
been eliminated at léast in part in a pattern of transverse
lines. ' N ' _
11. A laminate accordihg:to-cléim 2, characterised in that
its individual films are tri-extruded films with a main
layer for strength in theé middle and minor layers at the
~surfaces for facilitated bonding between the films and for
heat-seal properties of the cross-laminate and that the
main layer of said films consists of 10-30% low density
polyethylene mainly of the linear type, and the remainder
highrmolecular weight polyethylene, high molecular weight
polypropylene or a combination of both.
12. A laminate according to any of claims 1 to 11
characterised in that it additionally is undulated or zig-
zagging when viewed in longitudinal section.
13. A process of manufacturing a continuous web of rib-
patterned cross laminate in which a cross-sandwich web
formed from at least two films, each consisting of
orientable thermoplastic polymer material, the films each
being uniaxially or unbalanced-biaxially oriented and az
least one of the films exhibiting an angle between its
longitudinal direction and its major direction cf
orientation, and the at least two films being sandwiched

T ———
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27 and, without further tentering, through heated r m ‘l C 26,
27 whi ch "iron" the pleated cross-sandw ch. The roII lmﬁuﬁl“ ‘Enl nd 25
prowdethetransverse stretch to the | am nate. m nust she *

rel atively cold whilst progressing througgsthose.rollers or the nenmory of
the increased thickness portions will not be retained. Therefore an air jet

of ambi ent tetpgesheteinsa Wodsid¥@s9ingher PaRgehehBeo 8T €8y Sl dibing 21,
22 and 24, 25 on both, sides of the crass-sandw ch to cool the sapdw ch and

r enove stretcﬂ?%’h re‘?ﬂe‘?%y%ﬁs& IHenSA%iqRy (S Stretched in the

direction transverse to the direction of advancenment of the

web through the process using grooved rollers, and in the.
process the at least two films are continucusly laminated
together, characterised in that said transverse stretching

is effected by forming below the melting point of the
themoplastic material an undulated cross-sectional shape

s on at least the cross laminate of the cro;s_-sandwich and
' during or after said forming process, stabilising the tip
portions of the undulations on at least on one side of the
cross-laminate and transversely stretching the cross-
sandwich between the stabilised 'portions_ by the use of
grooved rollers, this stretching being adapted to maintain

the shape or a memory of the shape of the material in the
stabilised portions of the undulated shape and subsequently

_heat-treating the cross-sandwich so that the material
between the stabilised -portions .shrinks along a

hypothetical plane lying substantially midway between the
surfaces of the cross-sandwich in the local region of
shrinkage in a direction 1lying perpendicular to the
direction of movement of the weB and if necessary, so that
any stabilised portions of the undulating' memory of which
has been retained in the grooved roller transverse
strgtching operation are reshaped at least in part, ‘thereby
to create a rib patterned cross-laminate in claim 1 with

thickened rib portions as defined in claim 1.

. 14. A process according to claim 13 in which the heat
treatment is conducted by supplying the cross-sandwich is
subjected to mild transverse tension. |
15. A process according to claim 13 in which the heat
‘treatment is conducted by supplying the cross sandwich
with pleats in predetermined degree and contacting it with
a hot, smooth roller, while under a slight <tension
(ironing). ' | . . '
16. A process according to any of claims 13 to is,
nge_;is_ad_iﬂ_;_.m the cross-sandwich is ‘longitudinally

This i ' |
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tendency to "necking". The anbient tenperaturé s "330C (the trial carried

out in a tropical country). The long roller 9 is ﬂ‘mﬁmuc““ﬁﬂujlﬂients of
har dened steel each 60 mMmm |l ong and the two rows o I each
conprising 13 rollers, are also formed of hardened*st®eel* afld each mat ches a .
segnent. Each segnment ternminates at each 43d in a hal f-groove which is

about 0.05 mm wi der than the half width of the other grooves, so as to
al | ow for i na&Fehahed iBrirschd| PRgimmediatiedys talilcwindiesasddeforming

prevent narr o\Wnde @A Vifsddid |dfmp%q,aqyg,g1 from becom ng strongly squeezed

10
by end teeth qn,th«irglrlogregs according to any of claims 13 to 1s,

character ;sed_ in that the stabilisation of the tip portions
is effected by carrying ocut the forming with the cross-
sandwich at a temperature close to the melting point of the
thermoplastzc material. ' |

18, A process accord:.ng to any of claims 13 to 16
characterised that the stabilisatien of the tip portiohs
is carried out by cross-linking under irradiation.

19. A process according to any of claims 13 to 17
characterised in that the forming and stabilisation o the
. curved portions are carried out simultaneously by paSsing'
the cross-sandwich through éompressionally working grooved '
rollers. .
20. A process according to clainm 19 mw
at least 4 cross-sandwlched £ilms are worked together
between said grooved rollers and that the sandwich is
separated at any lat.er'step of the manufacturing process to

a multiple of cross-sandwiches.
21. A process according to any of claims 12 to 1s
chargcte;iged in that as a measure to maintain the memory
in the stabilised portions, the stretching between grooved
rollers of the cross-sandwich is carried out with the
 material at the stabilised portions being near room
temperature, preferably between 15-40°C. _
22. A process according to claim 15 m&e_;i_sedin\that'
during the said heat-treatment by which the cross-sandwich
web is allowed an overall transverse contraction it is also
allowed a longitudinal contraction. _
23. In a process for transversely stretching a film or
film sandwich of a poiymei- material by passage bet_ween
intermeshing, driven grooved rollers, which grooves are
circ{zlar or helical, and which touch the surfaces of the
grooved rollers only on the tips of the grooved surface
pa_ttern, the improvement that i_n crder to' remove sf:re‘:_.ching
heat and keep the polymer material at the desired
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as well as be end teeth on rollers 11. The segnents—are firm l]ﬁuscr

together axially on a common core. The segnents ha ﬂ Bu "& "l HIZOOmm
and the short rollers a. dianeter of 150 nm The film

rollers is about 25 mmn. The roller prqﬁﬁure on the grooved TolTers o,
10, 11 is adjusted to a value which is as high as possible wthout getting

't oady ment MR EAIRY Guring (e Ftredalind, Btigd B R AR belilg,
for "Lateral geadfurkblyainor ¥8terl) is directed through the nip of the
grooved rollers on one or both sides of the polymer

- material. | |
24. A method in which contxnuous polymeric sheet material
is biaxially stretched by a process comprising the steps
of: : _

1) combined transverse tentering and transverse squeez ing
.by action of compressiocnally working grooved rollers,
2) longitudinal stretching between rollers, _
3) a second forming and transverse stretching between .
grooved rollers
_ characterised in that the undulations are maxntalned
at least in part during said longztudznal stretching, and
that the second formlng is adapted to cooperate with the
undulations produced by the first forming process, either
a) by adjusting the division between the undulations
on the sheet entering the grooved rollers and the'division
between the grooves of said rollers to fit each other, or
b) by using for first and second forming process
grooved rollers of the same division, while keep;ng the
distance between each set of rollers which the sheet passes
over between the first and second forming processes
sufficiently low to force the sheet to keep constant the
division between the undulations of the sheet.
25. A method accordlng to claim 24, characterised in that
the second forming and stretching between grooved rollers
also is carried out compressionally by combined transverse
tentering and transverse squeezing actzon.

. 26. A method accordlng to claim 24 or 25, characterxsed in
that, when alternative b) of claim 24 is selected, the
forces acting to keep the division between the undulations
oonstant are increased'by supplying rollers which the sheet
passes over after leaving the grooved rollers of the firse
forming process and before meeting the grooved rollers cf
the second forming process, with quiding tracks of the saze
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and for the subsequent |ongitudinal stretching (17 to 20) are kept at
40[err] C, The longitudinal stretching i s set tomummmm"w”mat io 1.25:1
in the final product. 28 The i nterneshi ng of gr ooved
rollers (21, 22) used after the Iongituduggr_strétcﬁinb i's Set*to give the
final transverse stretch ratio 1.33:1. Thé final
division as the division on the'gracved-rollers for the
first and second forming process. '
27. A method according to any of the claims 24 to 2s,
characterised in that the grooves on the rollers for first
and second forming process are adapted to squeeze the sheet
. within bands only, whereby the sheet portions to become
peaks of the undulations are not squeezed, and so that the
squeezed bands of the first forming process are wider than
' the squeezed bands of the second forming process. . .
28. A method according to any of claims 24 to . 27
characterised in that the .further longitudinal and/or
transverse stretching is carried out subseqﬁent to the
second forming process.
29. A method according to claim 28, -characterised in that
the sheet is heated prior to the first'forning process,
kept at substantially unchanged.-temperature before and
during the second forming process, and is cooled before the
subsequent stretching. _ ' :
30. A method according to any of the claims 24-29,
characterised in that the sheet is subjected to calendering
between smooth rollers subsequently to the last transverse
stretching step which is carried out before final use of
‘the sheet. _ o R |
31. A bag made from a film according to any of claims 1 to
12 or from the product of a process according to any of
claims 13 to 30. _
32. An apparatus for biaxially stretChing a continuous
film which comprises in sequence
1) a first set of intermeshing grooved rollers (37, 38,
39) which are compressional acting with first driving means
“for driving the first set of intermeshing grooved rollers,
2) a longitudinal (machine direction) stretching station
(45, 46, 47) and |
3) a second set of intermeshing_grob#ed rollers (40, 41,
42) with means for driving the second set of intermeshing
grooved rollers, characterjsed bv comprising registration
means (45, 46) for registering the undulations in the £film

This Sheet Has Been Re(ilaced This is the replacement sheet

LT R




area stretch ratio therefore is 1.25 x 1.33 = 1.66: 1. Sllilllﬁ‘mﬂ r|g| nal

filmgauge is 62 gm 2 and the final fiImistwo;jH“mu he fi nal
gauge should be (2 x 62):1.66 = 75gm. The fin irectly
verified as nentioned bel ow. Thus, |ike ipgthe nehtioned exanpl e 3 of

WO- A- 88- 05378, the cross-sandw ch Ieavi ng the first set of grooved rollers
gtzget ;Z:ﬁl) ngfzi%atg%%?nﬁhh%all tere overéga%é%‘)ém?og?égggé gg %a%he
entering the S¥FoeVess&f dnhecmm &RE off Fveeved | reliergd, 25. The

di stance 33. Apparatus according to claim 32 in which the grooves
| of both sets of grooved rollers have the same spacing and
the registration means comprise the paintenance of a
sufficient distance (in the machine direction) between each
set of rollers between the first and second sets of grooved
rollers such that the undulations in the sheet retain the
same spacing between the first and second sets of grooved
rollers. | ' o |

34. Apparatus according to :_:ia‘im 32 in which the grooves
of the first and second sets of grooved rollers have
different spacings, the undulations of the sheet as it
exits the first set of grooved rollers have a different
spacing from the undulations of the sheet as it enters the .
second set of grobved rollers and the spacings of the
grooves is such that cooperation is achieved.

35. Apparatus according to any of claims 32 to 34 in which
_the registration means comprises at least one registration
roller (45, 46) between the first and second set of grooved
rollers, the registration roller having guiding tracks on
its surface for registration with undulations on the sheet.
36. Apparatus according to any of claims 32 to 35 in
which, downstream of the second set of grooved rollers
there is at least one further transverse (21, 22, 24, 25)
and/or longitudinal (49-55) stretching station.

'37. Apparatus according to any of claims 32 to 36 which
comprises a heat treatment station (26, 27) last of said
longitudinal or transverse stretching station (24, 25)
38. Apparatus according to claim 37 in which the heat
treatment station comprises a smooth heated roller (26, 27)
and means for applying controlled tension (36) to the film
as it contacts the heated roller, and immediately upstream
of the heat treatment station there are grooved pleating
rollers (24, 25) to provide controlled pleating of the
- £ilm, by contacting the £ilm at the tips only of the groove

~pattern of the rollers.
—_—
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fron1edge to edge of the cross-sandwich is kept cons

through.the second set of grooved rollers 24, 2

fﬂ‘\ ng“ condi
in the said exanple, the second | ongitudi nal Gnlfted and t he

pl eated material goes directly to the hed&%ed roIIers 26, 27 for the heat

treat nent.

treat nent,

These rollers are heated to 80[err}C, and at the end of t hi
t h8.naAppanRthss ancanding | for cldion 38 comprisiagurancling

he passage

tions

S

d t he

Firet heat ed® roﬁﬁeﬁﬁet‘%ﬁ?”gé?ﬁh!“%t T s o T i A A

mat eri al by ‘pleating rollers (24, ' sald coollng means comprising

means for supplying a flow of a fluid medium to the nip of

the pleating rollers at either one or both sides of the

£film.

40. Apparatus according to any of claims 32 to 39 in which
the grooves of the first set of rollers are adapted to
squeeze bands of the sheet which are wider than the bands

of the sheet squeezed by the second set of grooved rollers.

41. Apparatus according to any of claims 32 to 40 in which
the grooves of either or both the first and second sets of
grooved rollers have a base (6), inclined side walls (5)

and a peak (7), the side walls o: oppoSing rollers (5a, 5b) -

being substantially parallel over a portion of their height
and in which film passing between the rollers is squeezed
between the parallel side walls (Sa, Sb) of the grooves of

 opposing rollers.

42. Apparatus according .toany of claims 32 to 41 which
includes means for providing a cross laminate of at least
two layers of melt oriented f£ilm comprzszng extrusion and
blowlng means for prov1d1ng unzaxlally or unbalanced

 biaxially melt oriented tabular film, means for cutting the
 tubular film helically to form a flat film, means for

arranging'at least two iayers of flat film such that the
major orientation directions of the layers criss-cross each
other and means for laminating the layers-together upstream
from the first set of grooved roller. _

43. Apparatus accordi .ng to clalm 42 which comprises means
for arranging and laminating at least four flat films

> together and in which downstream of the second set of

grooved rollers and of any subsegquent stretching and heat
treatment stations, there is provided a separation sﬁation
for separating at least the four layer laminate into at
least multiply laminates by peeling apart.

44, Apparatus for transversely stretching a film of
polymer material comprising a pair of inte:meshing grooved

This Sheet Has Been Re;

MR

m, This is the replacement sheet

.Date: 04 APR 199

|



these grooved rollers can be kept very evenly dISt e ut _at

entrance,to the heating treatnment, the |ongitudi naI Hﬂ illgﬁgll:ed to a
practical mninmum (i.e. beyond rol | er 26) so that t he
heated rollers and the material is kept | to allow elimnati-on of the

pl eats by transverse shri nkage Al so, a high tension here would cause a

streren 1n tndr oraPbefEkup oferciEERSVRELERY (BEBECRIRS' f FUF RS on

In order to epabnermamubrmnmgmm paixiofisinternesh ey igrabvedn at

a controlled ¥3i98ﬁ'§y(f‘i‘,d 397 5y ,22%)0 the grooves of which are circular

| or helical and which co-operate so that the £ilm contacts

the surfaces of the grooved rcllers on the tips only of the
grooved surface pattern (2, 3), and means for feeding thé
film through the nip between the rollers characterised Ly
including means for supplying a flow of fluid cooling
medium through the nip of the rollers on one or both sides
of the film.

///_,_—.
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This is the replacenent sheet 29 together with rubber roller 28. 27
and .28 are idle rollers. Between the heat-treatnent unit 26, 27 and cooling
unit rollers 29 and 30 there is installed a very mldly acting banana

roller 31 for spreading. 29 and its counter- nip roller 32 are driven,
while 30 is idling. The tensions 1 '

- Fig.1. _

Fig.2.

'Thmistherépmcementsheet
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along the line are controlled by tension-control-rollers, 32, 33, 34, 35
and<36- The i nterneshing between the last pair of grooved rollers 24 and 25
is very carefully adjusted so that there still are sone fine pleats in the
material as it leaves the last roller of the heat treatnent, but no pleats
after the mild banana roller action. LiKé_in t he nmentioned exanple 3, the
material is separated into two cross-lam nates by peeling apart between the
second and third filnms. The cross-section is exam ned in mcroscope, and
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sel f-supporting capability judged by bending over an edge, with a strip
acted:-by. its own weight. D fferent sanples of ordinary LDPE-film are
simlarly tried for conparison. The cross-section is of the type shown in
fig. 1, with the angle v (reference to fig. 3) typically being 30[err] and
-the thickness at the nmddle of the ribs 3s about 1.5 tines the average

t hi ckness between the ribs. - The self-sdpporting capability according to
t he mentioned test corresponds tg_fhat oé--a 140 gnferr] LDPE-film while

t he gauge of the cross-| nn
| R € S -
1 N

Fig.6A.
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[err] g merr] which agrees closely with the cal cul ated val ue nenti oned
abowe.: :Exanple 2 One objective of this exanple is to denonstrate the 2nd
aspect of the invention, in which a sheet in two steps is transversely
stretched and f or med bet ween conpressional ly working grooved rollers
in a "registered" systemw th |ongitudindl stretching between these two
conpressional stretching and forming steps. This is the replacenent sheet
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30 Anot her objective of the exanple is to denonstrate a particul ar
efficieént“procedure leading to the cross sectional configuration shown
in Fig. 2, i.e. the configuration in which the convex side of the ribs,
in alternating arrangenment, is on one and on the other side of the cross

| am nate (contrary to the arrangenent resgiting fromthe procedure of
exanple 1). ' ' _
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The process follows the flow sheet of Fig. 5, except that there is applied

a 2nd rhorgi tudi nal stretching step between steps 6 and 7. The conposition
of co-extruded film extrusion conditions, conditions of spiral cutting
and arrangenent of 4 spiral-cut filnms for lamnation all are as described

in exanple 1, except that the gauge of e&ch of the co-extruded filnms in one"
trial is 65 gm and in another trial 130 gq{err];Thus, the sandwi ch used in

the process consists of 4 filns, each witi;\g~S8\prr] angl e between the
| ongi tudinal filmdirection (the nmachine di n) and the direction of
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melt-orientation, and with the directions of nelt- orientation arranged
such«t hat¢sthe 2-ply |am nate which cone out at the end of the line both are
cross | am nates. The conbi ned stretching, |amnation and form ng of "U

Ri bs" is carried out in the line shown in Fig. 6A, except that the
apparatus indicated by a box nowis the rdller- Iine which schematically is
shown in Fig. 9. General description of ttte stretching line and - process:.
The first step .of conpressionally transverse stretching and form ng
t akes pl ace between , on one side of the filmsandw ch the grooved
roller 37, and on the

Fig.10. -

Fig.11.
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other side the 2 nutually staggered rows_of short grooved rollers 38 and
39._ ,he simlar 2nd conpressional . step takes place between the grooved
rolTer’ 40 and the 2 rows of short rollers 41 and 42. Each of these sets of
apparatus for conpressional stretching and form ng consists of (see Fig.
6B) roller 9, staggered rows of short rollers 10 and 11 and connected

equi pnent 12, 13, 14 and 15, and the surface pattern on the This is the

repl acenent sheet 'ABSTRACT

| A cross laminate of two films, each of which is
uniaxially or unbalanced biaxially oriented, the films
being arranged so that the major axes of orientation criss-
cross each other (steps 1 to 3), is treated in a
calendering process in which machine direction ribs are
formed which are thicker than the sheet between the ribs
and which have a configuration which confers, increased
resistance to bending over a line perpendicular to the rib.

' The ribs are formed by a combination of passage between
grooved rollers ("lateral calendering") (steps 4 and 6),"
the grooves of which include inclined walls .on opposing
grooves between which the material of the laminate is
squeezed, longitudinal stretching (step 5) and heat
treatment (stép 10). In a preferred process a sandwich of
two cross~-laminates is subjected sequentially to passage
between a first set of grooved rollers (step 4),
longitudinal stretching (step 5) and passage through a
second set of grooved rollers (step 6) in which the
undulations created in the first set of rollers are
registered.with the second set of grooved rollers, followed
by heat treatment (step 10), for instance an ironing
process. The cross sandwich is then cooled (step 11) and
seéarated'into'two cross laminates (step 12).

Figure 5.
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31 grooved rollers corresponds to that shown in Fig. 7. Dinensions of the
rollers.and of the surface pattern are nentioned below. In order to

wi t hstand the high forces of the conpression, each of these grooved rollers
i s made of hardened steel. The surface pattern is machined with an .accuracy
of +/- 5 mcron. The 4-ply filmsandwich cones froma roller unit (not
shown) in which it is heated to 60[errA§STRAéT-i s taken-up by

LAMINATED FILMS

A cross laminate of two oriented films, which are

5 arranged so that the major axes of orientation criss-cross
each other, is treated in a calendering process. Machine
direction ribs are formed which are thicker than the sheet
between the ribs and which have a configuration which
confers increased resistance to bending over a 1line

10 perpendicular to the rib. The ribs are formed by a
combination of passage between grooved rollers, the grooves
of which include inclined walls on opposing gfoo#es between
which the material of the 1laminate is squeezed,

_ longitudinal stretching and heat treatment. In a preferred

15 ©process a sandwich of two cross-laminates is subjected
sequentially to passage between two sets of grooved
rollers, with a longitudinal stretching step therebetween
followed by heat treatment. The undulations created in the
first set of rollers are registered with the second set of

20 grooved rollers. The cross sandwich is then cooled and
separated into two cross laminates.

FIGURE 5
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theé smooth nip-rollers 43/44 before it neets the grooved rollers 37, 38, 39
for first transverse stretching and forning. From 37 it passes into the
first |ongitudinal stretching apparatus consistingof“ret-ers-45_ 46, 47

and 48 and then neets the rollers 40, 41 and 42 fo erse
stretching and formng. In order to "register” the W’INJ t he
surfaces of rollers 45 and 46 have qui di4y tracks aS*s 10_and
11. Further about this guiding will be nentioned |ater. The main-

| ongi tudi nal stretching in this part of the machine takes place between
rollers 45 Ei‘%?airl%ifs

1. An elongated cross-laminate of at least two films formed from orientable
ther_moplastic polymer material, in which each film is uniaxially oriented
or biaxially oriented in an unbalanced manner to thereby have a major
direction of orientation, and the major orientation directions of the
individual films criss-cross each other with the major direction of
orientation of at least one of said films extending at an angle to the
length direction of the cross-laminate, and the cross-laminate exhibits
a pattern of generally parallel lengthwise extending striations constituted
by thickness variations therein resulting from stretching at a given
stretch ratio of the cross-laminate transversely to the length direction,
wherein said pattern of striations comprises elongated ribs extending in
said length direction each of which is substantially defined between
generally concave and generally convex curved surfaces which are in
generally coincident relation transversely of said length direction on
opposite faces of said cross-laminate, the radius of curvature of said
concave surface being generally greater than that of said convex
surface whereby the ribs have a maximum thickness greater than the
average thickness of the laminate, and each rib as a whole has a
generally shallow U-shaped transverse cross-section, and the laminate
material in or adjacent to lateral boundaries of the ribs in the
tensionless state of the material are generally reversely curved relative
to the rib curvature to give the material between adjacent palrs of ribs
a generally flattened condition.

2. A cross-laminate according to claim 1, wherein said pattern of striations
comprised by said elongated ribs is a generally regular pattern over
substantially the entire area of said Cross- ~lamipate.
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The stretched sandw ch then passes into the 2nd | ongi tudimat—stretching—
apparatus consisting of the smooth rollers 49 to 55 an

as shown in the flow sheet Flg 5, or in other words t rmﬂglmm;lm l” r
which in Fig. 5 are nunbered 7 to 12. As it appears fromt

| am nate of 4 films is split into two biaX|aIIy stretched 2-ply Iamnates
at the end of the entire process line. A1 rollers are supplied with

drives, except the rollers in the staggered rows 38/ 39 and 41/42, and
except roll &s 44 cuBsdamirkte (adcordingrte cdhlwﬂ,nwbete}n the oohvex surfaces of

the ribs alternate in series from one side to the other side of the cross-
laminate.

4. A cross-laminate according to claim 2, wherein the convex sides of the
ribs are on the same side of the cross-laminate.

S. A cross-laminate according to claim 2, wherein the average separation
between the ribs of adjacent pairs of ribs is between 1 and 10 mm,
measured from peak to peak and taken as an average.

6. A cross-laminate according to claim 2, wherein the average thickness
of the generally flattened material between lateral rib boundaries, a
boundary being defined as the locus where the rib thickness equals the
average thickness over a local region including several neighboring ribs
and the generally flattened material therebetween, is at least 15% and
preferably at least 30% less than the maximum thickness of the rib.

7. A cross-laminate according to claim 1, wherein the U-shaped cross-
section of each said rib has a generally re-entrantly curved base
“between spéced apart sides and planes drawn tangentially to said sides
intersect to generally define therebetween an included angle of about

10 up to about 90.

8. A cross-laminate according to claim 1, wherein the longitudinally
extending U-shaped ribs are locally interruptéd by a pattern of
longitudinally separated transverse deformation lines wherein the
increased thickness and U-shaped profile of the ribs are substantially
removed to thereby enhance the flexibility of the cross-laminate about
transverse lines.

9. A cross-laminate according to claim 1 wherein each of said at least two
films has three plies including a main layer for strength in the mlddle
This is the replacerment shest
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counter rollers through the fil msandw ch). 44, 48 and 55 are rubber
coated rollers used to forma nip, while all other rollers are steel
roll ers and have an internal water- circulation ejther ance of
the tenperature of the filmsandw ch or for cool |H“|“H lt“ﬂﬂﬁ*ﬁHme be
(see below). This is the replacenent sheet

42

and minor layers at its opposité surfaces to facilitate bonding between
the films and impart heat-seal properties thereto and the main layer of
said films consists of 10-30% low density polyethylene which is mainly
linear low density polyethylene, and the remainder is high-molecular
weight polyethylene, high molecular weight polypropylene or a
combination of both.

10. A cross-laminate according to claim 1, which also has an undulating or
zig-zagging curvature as a whole when viewed in longitudinal section.

11.  In a process of manufacturing a continuous elongated web of rib-
patterned cross-laminate from at least one cross-sandwich web, each
such cross-sandwich web being formed from at least two films of
orientable thermoplastic polymer material wherein the films are each
uniaxially or unbalanced biaxially oriented to impart thereto a major
direction of orientation and at least one of the films exhibits an angle
between its longitudinal direction and its major direction of orientation,
and said at least two films are sandwiched together in a criss-crossing
arrangement of the respective niajor directions of orientation, in which

- said cross-sandwich web is stretched in the direction transverse to its
length by passage of the same lengthwise between grooved rollers and
said at least two films are laminated together, the improvement wherein
the transverse stretching is effected by forming said cross-sandwich
web while at a temperature-below the melting point of the thermoplastic
material into undulating cross-sectional shape; during or after said
undulating forming process, stabilizing in their curved shape tip portions
of the undulations on at least one side of the cross-sandwich web; and

~ transversely stretching the stabilized cross-sandwich web in regions
between the stabilized tip portions by the use of grooved rollers, this
latter stretching being adapted to retain in the stabilized portions either
said undulating shape or at least a memory of said undulating shape;

This is the replacement sheet
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Tenperature: As nentioned, the sandwich which is fed between_the nip
rollers 43 and 44 already has been heated to Gwml"m rat us not
shown. Roller 43 is also heated to the sane tenpd I’#"ﬂymﬁl”ﬂe
conpressional ly working grooved rollers 37, 38 arnd 39 ou st Olile
mai ntained at a slightly lower tenperature than the film sandw ch. -~ Shoul d
they by mstake get a higher tenperature43here will be-a risk that
“necking” will occur in the mddle of the ribs as shown in Fig. 4, or
deeper than showandifeaid stabilizeid portiéBs aethin loalpaanemgsy af dakbusdulgting
whi ch the short s Ialpeer, Séu%gec‘fill?t-:glntﬁ/gheat—treating the cross-sandwich web so that the
material in local regions between the stabilized tip portions shrinks
along a hypothetical plane lying substantially midway between the
surfaces of the cross-sandwich web in a direction perpendicular to the
direction of movement of the web, so that said stabilized tip portions
which retain only said memory of the undulating shape are reshaped at
least in part, thereby to create a rib patterned cross-laminate web with
a pattern of elongated lengthwise ribs of generally shallow U-shaped
transverse cross-section, said ribs having a maximum thickness
significantly greater than the average thickness of the cross-laminate as

a whole.

12. A process according to claim 11 in which the heat treatment is
conducted whilst subjecting the web to mild transverse tension.

13. A process according to cl.aim 11 in which the heat treatment is
conducted by forming the cross sandwich web into pleats of
predetermined size and contacting the pleated web with a hot, smooth
roller, to thereby substantially iron out said pleats while maintaining the
cross sandwich under a fransverse tension sufficiently low for said
stabilized tip portions to undergo said re-shaping. |

14. A process according to claim 11 wherein the cross-sandwich web is
longitudinally stretched prior to or immediately following said forming of
the web into said undulating cross section and the stabilization of the
tip portions of the undulating web.

156. A process acéording to claim 11, wherein the stabilization of the tip
. portions is effected by carrying out the forming of the cross-laminate
web into said undulating cross-section while the cross-laminate is at a
temperature close to the melting point of said thermopléstic polymer

This is the replacement sheet
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are nested are kept at 50C and there is constantly bl own anbient air on 38
and 39. Anbient tenperature about 20[err]C. After—the 2nd transverse

stretching and form ng process, the lam nate i ra¥a) tmm 20[err] C
before any essential further stretching, and tqﬂ!ﬁﬁr“ﬂ “lg““ pt at about
this tenperature at all steps before the atc  trewtnent*. Therefore
rollers 49 to 54 in Fig. 9 and 21, 22, 244 25, 26 and 27 are kept
controlled at the tenperature 20[err]C. The main | ongitudinal stretching
during the 2nd stmaterisdes pl ace between 52 and 53, whereby the |aninate can
be sufficiently cooled by the passage over rollers 49 to 52.

16. A process according to claim 11 wherein said thermoplastic polymer
material is adapted to undergo cross-linking under irradiation and the
stabilization of the tip portions is carried out by cross-linking the
polymer material of said web under irradiation.

17. A process according to claim 11, wherein the forming of said cross-
sandwich web into undulating cross-section and stabilization of the tip
portions thereof are carried out simultaneously by passing the cross-
sandwich through compressionally working grooved rollers.

18. A process according to claim 11, wherein a plurality of said cross-
sandwich webs, each having the two polymer films arranged with their
orientation directions in criss-crossing relation, are stacked together and
processed simultaneously and after the processing the plural cross-
sandwich webs are separated from the stack.

19. Aprocess according to claim 11, wherein as a measure to maintain the
memory in the stabilized portions, the stretching between grooved.
rollers of the cross-sandwich Wéb is carried out with the material in the
stabilized portions being near room temperature, preferably between
15° - 40°C.

20. A process according to claim 13, wherein during said heat treating the
cross-sandwich web is allowed to undergo both an overall transverse
contraction and an overall longitudinal contraction.

21. In a process for transversely stretching a polymer film or a plurality of
polymer films arranged in sandwich relation by passing the same
between opposed grooved rollers each having on the periphery thereof
a pattern of circular or helical grooves and intervening peaks with the

peaks of one roller in intermeshing relation with the grooves of the
| This is the replacement sheet
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Li ke in Exanple 1,
30, see Fig. 6A

the tenperature of the heat treaimn{—%ﬂ*s—fiﬁ and
, is kept at 80[err]C. Velocities of '
rati os When velocities of rollers are nentioned in ,IM“ iL "‘1 hi s
refers to the circunferential velocities. The velo
total stretching line,

I .e. after separation into the 2-plies cross

| am nates, is set to 60 nimn (1 ns[err] 4. In order to avoid winkles,
roller 37 runs 5% faster than roller 48, and in order to secure a precise
transfer to roll eoppbsite r:bller,_nandam whichathiedfiim drafiinT sandwicB contacts only the

tips of the peaks of the grooved rollers, the improvement of directing a

22.

flow of a fluid coolant medium through the nip of the grooved rollers on

at least one side of the film or film sandwich while the same passes

between said opposed grooved rollers in order to remove stretching

heat and keep the film at the desired temperature during stretching.

A method of biaxially stretching an elongated web of polymeric sheet

material by the steps of:

1)

2)

3)

subjecting the web of material to a first simultaneous transverse
stretching and forming operation in which opposite surfaces of
the material are compressed towards each other over at least
laterally spaced longitudinal regions thereof by passing the
material through compressionally working opposed grooved
rollers from which the material emerges in a transversely
undulating configuration.

downstream of the compressionally working grooved rollers
étretching the web longitudinally by passing the: same through
opposed rollers rotating at a higher circumferential rate of speed
than said compressionally working grooved rollers, and
subjecting the iongitudinally stretched web to a second
transverse stretching operation by passing the same through
additional opposed grooved rollers, wherein the stretching
conditions are selected to remove from the web material a
portion of said undulations while retaining at least a trace of said
undulations therein; and said second stretching operation is

correlated to the undulations of said first operation by either:

a) adjusting the separation between the undulations in the
web to match the separation between the grooves of said
additional grooved rollers, or |

This is the replacement sheet
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The ratio of velocities between rollers 45 and 46, _which establishes the
mai n | ongi tudi nal stretching between the two formng steps, is va
The adjustnment of this 33 will be mentioned |at eij“llllmgllﬂ ﬂ!ﬁm
the sane velocity as 46. In order to produce optinu
the longitudinally stretched |am nate is preferably rel axed at

46

es at
| €s,

b) utilizing for each of said first and second operations
opposed grooved rollers having substantially the same
separation between the grooves thereof and locating any
intervening pair of rollers through which the web passes
between said first and second operations sufficiently near:
a next upstream pair of rollers that the separation
between the undulations of the web remains constant.

23. A method according to claim 22 wherein said additional opposed
grooved rollers are also compressionally working opposed grooved
rollers compressing opposite surfaces of the web towards toward each
other over at least laterally spaced Iongitudinally extending regions |
thereof.

24. A method according to claim 22 wherein in the practice of alternative
b), at least one pair of feed rollers for said web is provided at a location
intervening between said compressively working grooved rollers and
said additional grooved rollers and each such intervening pair of rollers
is provided on its peripheral surface with a pattern of transversely
spaced guiding tracks having a transverse separation that is the same
as the separation between the grooves of said grooved rollers.

25. A method according to claim 23 wherein the opposite surfaces of said
web are compressed toward one another in both of said first and
seéond simultaneous transverse and forming operations by the
respective compressionally working opposed grooved rollers in
longitudinally extending transversely spaced bands corresponding to
regions of the undulations formed in the web between the tips of
adjacent peaks of said undulations leaving the tips of said peaks free
of such compression, and the transverse dimension of the bands of
web subjected to compressional working by said first grooved rollers is
larger than the transverse dimension of the bands subjected to
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| east in part, between rollers 47 and 40. Therefore_t_he_r.ai_l—g—bet—\o.een—t he

velocities of these rollers is also variable.
to a val ue which gives about m nimum tension |n the
creation of any winkles. The snmooth |ongitudinal str

I,

50, 51 and 52 nutually nove at the sane velocity, which is 5% faster than

that of 40. The ratio between 52 and 53 4@ain is variable (about the
adj ustment: see below). 54 and 55 nove at the sanme velocity as 53. The
setting of tensi monpressiogal iorkingtbysaidhsecondegrobived rbllers. (see Fig. 6A)

26.

27.

28.

29.

30.

A method according to claim 22 wherein said web is subjected to a
further longitudinal and/or transverse stretching operation subsequent
to the second stretch in operation. '

A method according to clainﬁ 26 wherein said web is heated to a
temperature above room temperature before being subjected to said
first simultaneous transverse stretchihg and forming operation and is
maintained at the heated temperature until after said second transverse
stretching and forming operation and is cooled to room temperature
before being subjected to said further stretching operation.

A method according to claim 22 wherein as a final step, the web is
passed through at least one pair of smooth-surfaced calendaring rollers
to calendar the web.

A bag made from a cross-laminate according to claim 1.

Apparatus for biaxially stretching an elongated film of polymeric material
which comprises in sequence:

1) A first transverse stretching and film forming station comprising
a first set of driven opposed grooved rollers each having on the
periphery thereof a pattern of circular or helical grooves and
intervening peaks with the peaks of one roller in intermeshing
relation with the grooves of the opposite roller, the grooved
rollers of said first set being urged together to compressionally
work the film passing therebetween, to thereby transversely
stretch the film and simultaneously form the same upon
emergence from the first roller set into a transversely undulating
configuration;

2) A stretching station to stretch the undulating film lengthwise and

This is the replacement sheet
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corresponds to what is witten in Exanpl e 1 The i ntended | ongi tudi nal

stretch ratio.in the final product is 1.35 1. This™ |S“a(fh1—eved~by—tr|al

and error, while varying the ratios of vel ocities
52/ 53, at the sanme tine keeping these two ratios L n

the first set of grooved rollers (21, 22) used af t &r th

stretching is set to give the final tramnd8erse stretch ratlo 1. 35 :

the sane as the longitudinal stretch ratio. The final area stretch ratlo

therefore is 1.35 x .1.@btiallylbabnot ¢compigiély remove the undulations therefrom;

31.

32.

33.

3) A second transverse stretching and forming station comprising
a second set of driven grooved rollers each having on the
periphery thereof a pattern of circular or helical grooves and

~ intervening peaks with the peaks of one roller in intermeshing
relation with the grooves of the opposite roller, to thereby
transversely stretch the film and simultaneously form the same
upon emergencé from the second roller set into a transversely
undulating configuration; and

4) registration means for maintaining the undulations in the film
emerging from the second roller set in substantial transverse
registration with the undulations in the film emei‘ging from the
first roller set.

The apparatus of claim 30 wherein the axial spacing of the grooves of
both said first roller set and said second roller set are substantially the

'same and said registration means comprises support means for the

respective first and second roller sets to support the same.in sufficiently
close proximity that the axial spacing of the undulations in the film
emerging from said first roller set is preservéd until the film reaches the
second roller set.

The apparatus of claim 30 wherein said registration means comprises

‘at least one registration roller arranged between said first and said

second sets of rollers, each said one registration roller having on its
periphery a pattern of circumferential guiding tracks for aiding in
bringing the undulations of the film into registration with the grooves of
the second set of grooved rollers.

The apparatus of claim 32 wherein said guiding tracks are in the form
of generally V-shaped circumferential depressions in the roller
periphery.
¢ the replacement sheet
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,‘_"corres'ponds to a final gauge after separation inLo_im-Z__pLi_esT_ai_i n one '
trial 65 x 2 : 1.82 = 71 gnferr] and in the [err] other trlaL“Itll
rrpl e 1,

1.82 = 143 gnferr], which also is established direHul ' ,u
the internmeshing between the | ast pair of grooved s very

carefully adjusted so that there still are sone fine pleats in the materi al
as it leaves the last roller of the heat tggeatnent, but no pleats after the
mld action of banana roller 31. Pattern of roller surfaces. distance

between rollesa, Apparatus actording to claim 30, in which, down-stream of the second
set of grooved rollers, there is at least one further transverse and/or
longitudinal stretching station.

35. Apparatus according to claim 34 which comprises a heat treatment
station after said longitudinal or transverse stretching station.

36. Apparatus according to claim 35 in which the heat treatment station
comprises a smooth heated roller and means for applying controlied
tension to the film as it contacts the heated roller, and immediately
upstream of the heat treatment station there are grooved pleating rollers
to provide controlled pleating of the film, by contacting the film at the
tips only of the groove pattern of the rollers.

37. Apparatus abcording to claim 36 comprising cooling means for the film
as it passes through the grooved pleating rollers, said cooling means
comprising means for supplying sa flow of a cooling medium to the nip
of pleating rollers on at least one side of the film.

38. Apparatus according to claim 30 wherein the compressionally. working
first set of opposed grooved rollers exerts a compressional force
against opposite surfaces of said film passing therebetween along
longitudinally extending transversely separated regions of said film.

39. Apparatus according to claim 38 wherein said second set of opposed
grooved rollers is also compressionally working to exert compressional
force against opposite surfaces of the film passing therebetween along
longitudinally extending transversely separated regions of the film and
the transverse dimension of the regions worked by the first set of
opposed grooved rollers is greater than the transverse dimension of the
regions worked by the second set of opposed groove rollers.

40. Apparatus according to claim 30 wherein the grooves of at least said
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di ameters of rollers roller pressures 34 As rrentlonef,athe-——t—he

surfaces of rollers 37, 38, 39, 40, 41 and 42 are & fornmed as
principle in Fig. 7. More specifically, the angl ﬁ“ﬂ\“ﬂ‘ } vgutal | el
portions of the surfaces of the grooves is 55[err]

nmeasured frommddle to mddle of each tip is 1.60 0 2 nm bi gger
than that used in Exanple 1. The 50

first set of opposed grooved rollers each comprises a base and on each
side of the base, upwardly inclined side walls and a peak which is
shared with any adjacent groove, the side walls of opposed
intermeshing grooves on the opposite rollers being generally paraliel
over at least a portion of their length, the generally paralle! portions of
said side walls of opposed grooves compressing therebetween
longitudinally extending regions of opposite surfaces of said film.

41. Apparatus for transversely stretching a film of polymer material which
comprises a pair of opposed grooved rollers through which the film is
adapted to be passed, each roller having therealong alternatihg circular
or helical grooves and peaks, means for biasing said opposed rollers
together to bring opposite grooves and peaks into intermeshing relation
with the film passing therebetween in contact only with the tips of said
‘peaks of the opposed rollers to form the film into a transversely
undulating configuration to thereby transversely stretch the film, and
cooling means for cooling the film while undergoing such stretching
comprising means for a directing a flow of coolant medium through the
nip of the opposed rollers on at least one side of the film.

42, Bag made according to the process of claim 11.
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reason for this is that the machine nust be able to stretch a heavier
sandwi ch, nanely in the second trials 4 x 135 gnferr] which is equival ent
to about 600 micron thickness. The radius of curvature on the tips are: on
rollers 37, 38, 39 0.20 mmand on rollers 40, 41, 42 0.30 mm Under the
prevailing circunstances, the 0.2 mm has been found to be about the

smal | est which can be applied wi thoutgycreating a neck as shown in Fig. 4,
and it leads to a very efficient wavrnmg of the cross section of material,
with the result that the lam nate easily "falls into track” on the

follow ng rollers.

ABSTRACT
LAMINATED FIIMS

A cross laminate of two films, each of which is
uniaxially or unbalanced biaxially oriented, the films
being arranged so that the major axes of orientation criss-
cross each other (steps 1 to 3), is treated in a
calendering précess in which machine direction 'ribs are
formed which are thicker than the sheet between the ribs
and which have a configuration which confers, increased
resistance to bending over a line perpexi'dicular to the rib.

. The ribs are formed by a combination of passage between
grooved rollers ("lateral calendering”) (steps 4 and 6),
the é_rooves of which include inclined walls on opposingl
grooves between which the material of the laminate is
squeézed, longitudinal stretching (step 5) and heat
treatment (step 16-) . Ina preferred process a sandwich of
two cross-laminates is subjected sequentially to passage
between a first set of grooved rollers (step 4),
longitudinal stretching (step 5) and passage through a
- second set of grooved rollers (step 6) in which the
undulations created in the first set of rollers are
registered with the second set of grooved rollers, followed
by heat treatment (step 10), for instance an ironing
process. The cross sandwich is then cooled (step 11) and

separated into two cross laminates (step 12).

Figure 5 L
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The reéason why the radius of curvature on the tips on the rollers 40, 41,
42 is bigger than this, nanely 0:30 nm is that the squeezed, band-forned
portions in the second form ng process then beconme narrower than the
squeezed band-formed portions in the first formng process, which. has the
effect that the thickening of the ribs becones nore pronounced. If the
stretching line were destined only for nmanufacture of cross |am nates

wi thout the "U-Ri bs" (as the final products in Exanple 3) it would have
been nore conveni ent ‘also to use 0.20 nnlaslradius of curvature on the tips

of rollers 40, 41, 42.
N
LAMINATED FILMS
The invention concerns an improvéd cross-laminate of
oriented films of the general type defined in the preamble
of claim 1 and improved processes and apparatus for
manufacturing cross-laminates of this general type.
Processes for production cross-laminates of oriented
films are known in particular from GB-A-1,526,722. In this
knowh -invention, the uniaxial or unbalanced biaxial
— orientation of the films is a melt-orientation and may be
very weak, but is always combined with the use of blends of
polymers, which are sufficiently incompatible for formation
of a two- or multiphase grain of polymer under the
influence of the melt-orientation, which grain has a very
significant influence on the strength properties of the
final _cross-léminate. in order to enhance the tear-
propagation resistance the bonding between the films is a
generally weak bonding, but may be supplemented with a
strong bonding in spots or lines.

The cbjective of this known invention is to provide
for a £ilm materiel which exhibits high strength.properties'
in all respects. One of its important uses is for bags and
similar packaging uses.

Further according to the above mentioned British
Patent, the transverse stretchinq which is subsequent to
the cross-sandwiching of the melt-oriented films (see the
introduction to claims 12 and 24) is preferably carried out
by passing the sandwich through several sets of mutually
intermeshing grooved rollers, the grooves of which are as
fine as practically possible. Also, the sandwich is
normally (but not necessarily) stretched longitudinally in
continuous manner between smooth rollers before, between or
after said steps of grooved rollers stretching.
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Rol l ers 45, 46 and 47, which have the function to transfer and
[vongitudinally stretch the | am nate w thout bringing the waved
configuration out of order, have nmuch nore shall ow grooves (tracks) wth
the sanme division as those on the grooved rollers for conpressionally
formng and stretching. On roller 45, the angle between the roller axis
and the surfaces of the grooves is 450, by which they approximately fit
with the configuration of the waved cross-sandwi-ch (see Fig. 10) while the

correspondlng angle This is the replaceneny sheet

(I distinguish between “sandwiching" which may involve, but

neads not involve & bonding of the films to one another. and
"laminating" which always involves such bonding).

For obtaining optimum energy- absorb!ng-properties (such as e.g.

shock-tear propagation rasistance) the different stretching '
'steps. following the cross-sandwiching, are preferably carried
out at temperatures very much below the melting ranges of the

films, and may even be carrjed out at normal rocm tempsratura.

Further according to the gbovg mentioned British Patent, the
cross-lamination of films having 8 unfaxial or an unbalanced
btaxfal melt-orientation can be carriad out already in the
extrusion process under use of counterrotating dieparss, but
can also be established on the basis of helical cutting of
melt-orisnted, tubular films. Thus the tubular films can be
melt-oriented mainly in their longitudinal direction, helically
cut e.g. under 45 degrees after solidification, and subsequent-
ly sandwiched {n such manner that the safd main directions
criss-cross one another ({.e. become perpendicular to one
another [f the cutting angles all have been 45 degr.).

In this connection, recent WIPO publication wO-A-89/12533
discloses particulerly practical methods for spiral cutting of
tubular film, and also discloses a suitable method to schieve 2
melt-orientation, which, {f desired,.- €30 be perpend{cular to
the machine airection (i{.e. the Continous direction) of the
film. The last mentioned method consi{sts in first hauling-
offthe tubular film from the extrusion die in & screw-movemen:
to give the tubular film a melt-orientation which forms an
angle (e.g. 30 degrees) to the axls of the tuba, &nd then
helfcally cutting the tubular film (e.g. under 60 degrees) {in
the way which increases the angle between the machine diraction
and main direction of maelt-orlentation. Thus, using the above
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on rollers 46 and 47 is only 30[err] (see Fig. .11) in order to permt the
{am nate a transverse contraction to whic-. it naturally tends during the
| ongi tudi nal stretching. The statenent above that the grooves (tracks) on
the longitudinal stretching rollers have the sane division as the grooved
rollers for conpressional stretchingg3 and form ng, nust be understood on
an average basis as follows: like in Exanple 1, the | ong grooved rollers
are formed of segnments (in this case each segnent is 80 nmlong) screwed
mentioned example tnat the “"screwing" !s under 30 degr. and the

cutting under £0 degr., the melt orientation will become
perpendicular <o the machine direction after the helical
custing. This film can continously be sandwiched with a film
which |s melt-oriented mainly in I{ts longitudinal directicon
{the machine direction) to form a perpendicular criss-cross
arrangement. _ ' '
Cne of the features mentioned in the introductlon %o the
present claim 1 is that the crcss-laminate exhibits a patsern
of striations constituted by thickness varistions. Such pattarn
-will always be formed as & result of the stretching between
grooved rollers - except {f special precautions are taken,
which will be dlscussed later. Following the tasaching of the
above mentioned British Patent (see in particular figs. & and
9) these thickness variations which form a longitudinally
striated pattern, will occur at random &s a result of
interference between the stretching petterns in each step ¢f
the grooved roller stretthing. When not exaggerated, the
striated patiern can have a positive influence od the tear-
propagsation properties and some positive influence on the sglf-
supporting capability (the stiffness when the material {s bent
over a line perpendicular to {¢ts continous direction)..
However, if this random pattern of thickness variations is very
pronounced, it has a very negative influence on u-v stabflity,
| printadllity and the resistance to the passage of humidity,
W aroma substances and vapours.
As a specla] feature of the technology, the {ndividual f!ims
can be blocked together by ¢he transverse stretching together
between grooved rollers, and this effect can be controllecd by
sulteble surface layers on the films, which therefore
originally are produced by coextrusfon. In the coextrusion
process, there !s.also made provisions to give the fineal
laminate thin surface layers of desirable properties, in
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t oget her on a conmon core, and each segnent terminates at each end in a
shal f-groove which is 0.05 mmw der th.an the half-width of the other
grooves. (Explanation: see Exanple 1). This extra 0.05 nmat each end of
each segnent is taken into consideration in calculation of the average
division, so that errors don't add up fromroller to roller. The waved

| am nate exhibits a strong tendency to expand laterally before the

| ongi tudi nal stretching, while the | ongdtudinal stretching creates a
tendency to contract laterally. Under the stretching conditions sel ected
in :

particular lavers o i{mp

the frliztional propertiaes. , .

Further developments of the kncown technology refarred to adove

-are disclesed in US-A-4 629 323. This describes a

stabillizasion process, In which a cross-laminate of the zdove
la al

]
iQ
mentioned kind {s hestad whi allowing a+ least 7% transvarse
‘shrinkage (l.e. ¢ransverse of the contincus direction of the

laminate and ¢f cthe striaticns produced by the grooved rollers)

and prefarably also a lengitudinal shrinkage. Besides the
s-—:abil-liing affect, which means that the coldstretched laminaze does

(Y not tend t¢ shrink furthar during use or storage at normal
tamperatures, there are important side-effects. One is that the
abcve mentioned thickness variations (the striation effect) can
become significantly reducad, since the transverse shrinkage
mainly tekes place where the materfal {s transversely over-
stratched. Ancther important by-affact is a significant
incresss of the yield pcint In the transverse direction., A
third effect is {ncrease cf the waak bonding which originally
is produced by the blocking-togethar of the spiral cut films
between the grooved rollers, '

. The transverse contraction i{s preferably obtained by feeding
the cross-laminase, while it is pleated to a suitable extend
onto a heased roiler (from where {t may continue over more
heated rollers) so that the pleating gradually disappears while
the cross-laminase contracts.

Thi; patent also discioses advantageous polymer blends fcr the
main layer of the coextruded film for this gensral type of
cross-laminates, {n particular blends cf h{gh-molecular-weight-
high censity polyethylene and linear -low density or line:r -
lcw-censity-like polyethylane at significantly lower molecuia-

- weight than the first mentioned component, to which cptionally
may be added polypropylene (as thasa cress-lam{nates are nore
precisely defined in claims 25-29 cf the abcve mentioned patent).
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this exanple, the tendency to expand is prevailing, under other conditions

it can be oppositely. However,

the tracks on the rollers have the function
to avoi d any expansion or contraction. In order to achieve this effect,

t he

di stance between rollers 37/45, 45/46, 46/ 47 and 47/40 are only a few mm

each and are adj ustabl e.

di anet er

drive
made from melt-oriented tubular film cut under an angle

between 10° and 35° instead of 45°. Further improvements
in the general type of cross-lamination technology
described above is disclosed in WO-A-88/05378. Here, at

'least the first pair of grooved rollers is of special

construction and function. . The grooved, fine, circular
"teeth” have inclined sidewalls, the sidewalls on the
cooperating grooved rollers match very exactly, and théy
operate under a high roller’s pressure so that the
transverse stretching takes place not only by tentering but
also by squeezing or "lateral calendering® of the laminate
or sandwich (all as further described in that citation).

By this method it has been possible to manufacture
above described cross-laminates in improved quality and at
highly increased production capacity. This increase is
made possible because two or more cross laminates can be
produced together in this process, and separated from one
another at the end of the manufacturing process.

The inventor has also combined into the technology the
embossment localised adjacent to heat-seals in a bag, which
is described in WO-A-89/10312 and which is adapted to
produce a shock-absorbing or force~controlling effect
thereby improving the drop strength of a heat-séaled bag of
oriented or rigid film material and filled with powder or
granulated goods.

By a combination of the above mentioned inventions the
inventor has been able to manufacture in a commercial and
economically feasible process, heat-sealed heavy-duty bags
of cross-laminates in gauge e.g. 60-80 gmq, which with
respect to yield point tensile strength, puncture
resistance, tear propagation resistance and drop-
performance have proven superior to bags from low-density
or linear-low-density polyethylene of the double gauge.
However, due to lack of self-supporting capability of the
cross-laminate in such gauges ("flimsiness") the bags have
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rollers have the same dianmeter (300 nmm) but in this case in order to get
sufficient heating/cooling surfaces. The di stance between 43/ 37 and bet ween
each pair of neighbour rollers in the row 40 - 54 are less critical and are
chosen to about 20 - 50 mm each. The bearings and .36 frame work is
arranged in such a way that the rollers cgn be brought apart during
threading of the |ine.

not yet met general market acceptance, since the automatic
or manual handling in connection with the filling (the
*bagging"”) has been considered too difficult or unreliable.
In this connection it is noted that the self-supporting
capability (which is a result of the stiffness of the film)
of a film of even thickness varies with the second power of
its thickness. | | | | |

One major objective of the present invention,
therefore is to provide for a cross-laminate (of the above
described type) having significantly improved self-
supporting capability. Other objectives, will appear from

U the description below. |
The special features of the product according to a
-« first aspect of the present invention appear from the

characterising part of claim 1. The special curved form of
the thicker ribs with immediately adjacent material, namély
bending to one side in the main body of the rib, and
oppositely near its boundaries, provides for high stiffness
~when the cross-laminate is bent around a transverse line,
and the lower thicknesses between the ribs facilitates the
bending around a longitudinal line, which also is important
in manual or automatic handling of the cross-laminate,
since the neceséary self-supporting capability of a sheet-
. material often reguires that the operator or the sheet-
(o handling machine gives the sheet a slight bending during
the operation. '
The ribs are preferably arranged in a generally
‘regular pattern over substantially the entire width of the
sheet. It should be noted however, that the process (which
will be described later) can be gquite sensitive to the
influence of the different‘process parameters, a reason why
there can be quite remarkable deviations from the
regularity of the distribution and also of the rib-form.
' Depending on the intended use of the cross-laminate,
the curved ribs can either, in an alternating arrangement,
protrude from both surfaces of the cross laminate (see
fig.2) or protrude from one surface only (see fig. 1).
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The short grooved rollers in rows 38/ 39 and 41/42 have di aneter 150 nm as
fn Exanple 1. The pressure between these rollers and their corresponding
long rollers 37 and 40, respectively, is set at the highest value which can
be applied w thout nmaking holes in the cross-sandwi ch. Wth feeding of 4 x
65 = 230 gnferr] filmsandwi ch, a roller pressure of 200 kg per cmroller

| ength is chosen, and with feeding of 4 x 130 = 520 gnferr] filmsandw ch

a roller pressure of 300 kg per cmroller, | h. Sa om_t he
71 gm cross-| ani nat b | sS¢@_Red pppect of L " 1 K58t 1 8n S2EBhER-hEOMah

improvement of the above mentioned stretching method
‘described in WO-A-89/10312, which improvement in particular
is useful ih.connection with efficient manufacture of the
curved rid structure defined in claim 1, but also finds
other uses due to a high regularity of stretching which is
achieved. |

According to this second aspect of the invention there
is provided a method in which continuous polymeric sheet
material is biaxially stretched by a process comprising the
steps of: ' _

s 1) combined.transvetse'tentering“aﬁd'transverse squeezing
by action of compressionally working grooved rollers,

2) longitudinal stretching between rollers,
3) a second forming and transverse stretching between
grooved rollers.

This aspect will be further described after the
general description of the embodiments of the curved rib
structure and of the method for manufacturing this
structure. | | |

Now returning to the first aspect of the invention,
the laminate with curved ribs, the average division between
neighbour ribs preferably is between 1 and 10 mm, measured
from peak to peak and taken as an average.

(% The average thickness of material between the
boundaries of the ribs, defined as the locations where the
rib thickness meets the average of the cross laminate in a
local region around and including the rib and several
neighbour ribs is at least 15% and preferably at least 30%
‘lower than the maximum thickness of the rib.

Thickness at a given point of the laminate surface is
understood as the shortest distance from that point to the
opposite surface. 1In the ribs, this is normally not the
distance along the route perpendicular to the surface in
the given point, because the two surfaces are not parallel.

The average thickness of the material calculated by
measuring the weight of a specified area of material (in
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the sane way as in Exanple 1, while sanples fromthe 143 gnferr]
cross-lamnate only is tested by the mcroscopical exam nations. Both sets
of sanpl es show the convex side of the ribs in alternating arrangenment on
one and on the other side of the lamnate as shown in Fig. 2. The gauge
between the ribs is clearly nore even than observed.on the | am nate of
Exanple 1. The angle v (reference to Fig. 8) typically is about 40[err] on
one side and 30[err] on the other side, and the thickness at the m ddl e of
the ribs is abthettén8itnbesstircageprapd fhomkackaowletije oft theadvdrsgeen

the ribs. ThedggLEE§U890££Lrﬁbf§§é¥”$££¥r§8§°ﬁ9289:£°m398 tf8l1aminate.
The average thickness 1is thus in the Qirection of
perpendicular to the overall plane of the laminate.
Comparing the thickness within the ribs with the
" average thickness of the ﬁaterial, it must be taken into
account that there normally is a considerable variability
in thickness of extruded film material (normally not less
than +/-5% and often +/-10%), that the grooved rollers due
to bending can produce a lower degree of stretching at the
middle, éompared to the edges, and that on the other hand,
N the spreading action which follows the grooved rollers
' stretching and which normally is carried out with banana
rollers, normally is most efficient at the middle.
Therefore the mentioned comparison must be on a local basis
and not a -cemparison with the average thickness of the
entire cross-laminate.

Generally speaking it is found that the thickness
variations which are inherent in this first aspect of the
present invention, do not significantly reduce the strength
properties such as ultimate tensile strength, yield point,
tear propagation resistance, impact strength and puncture
resistance. The reason for this is that the lower
thickness in portions forming 1longitudinal 1lines are
compensated by a higher degree cof transverse orientation.
However, the drop strength of the filled bag with powdered
or granulated goocds and heat-sealed, can be significantly
negatively influenced by very thin pcftions. The bag could
then ‘rupture along a line immediately adjacent to the
heatseal, in which line the material was melted during the
heatsealing and thereby 1lost all or most of the
orientation. In a preferred embodiment of the invention
therefore, generally substantially no local thickness is
lower than 30% and preferably no lower than 50% of the
average laminate thickness.

The angle between two tangency planes on the concave
side of the rib near its two boundaries where this angle is
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mentioned in Exanple 1 for the cross-laminate of gauge 71 gnierr]
corresponds to that of a 160 gnferr] LDPE film Conpared to the sinpler and
cheaper process line used in Exanple 1, the process used in Exanple 2 has

the foll ow ng advant ages: 1. It can make the convex side of the ribs
alternately on one and on the other side (¥ig. 2) even when the material is
separated in the mddle at the end of the process. 2. It can produce the

"U-Ri b" struch@Ximym v giagellyl fder angilecMt ids fig. 3 14 staulsheraferabilly
thicker materig . at least 10 degrees taken as an average for the
different ribs and more preferably between 25 and 90
degrees. | _

This is of il_n_portance for the se.'lf-supporti.ng
capability, but also to give the cross-laminate a bulk and
to give it a resilient character when it comes under
vertical pressure. Such bulk and resilience 1is of
importance for the handling of the crbss-laminate'.and is
also an objective of this first aspect of the present
invention. _ o '

| The requirement that the surfaces of the maﬁerial in
or adjacent to the boundaries of the ribs in the
tensionless state are bent in the 6pposite.direction to the
respective surface in the rib results in the cross-laminate
- having a generally flat appearance rather than a generaily :
corrugated appearance. For instance in the cross-laminate
the surface of the rib which is convex in the rib beccmes
concave at or near (usually just beyond) the boundary of
the rib. It may remain substantially concave until near or
at the boundary of the adjacent rib, for instance where the
two ribs are on the same surface 6f the cross-laminate.
The intention is that near to the boundary of the rib the
curvature of the surface becomes concave where it was
o convex and vice versa and the degree of curvature is
relatively high (i.e. the radius of curvature is low) near

to the boundary and then decreases before increases again

towards the next rib. The shape of the surface of the
embodiment with adjacent ribs formed on the same side of

the cross-laminate can be thought of as having a wave-like

form with the thickened rib portions having a profile

similar to the positive (or the negative, as the case may

be) portion of the sine function but with the portion

between the ribs being relatively stretched out (along the
abscissa). For a cross laminate with ribs on alternating

surfaces the profile is again wave-like with the ribs

having a profile similar to the sine function (positioned
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4. The material between the ribs becones nore even. This is the

repl acenent sheet Date: 1 SEP 1998 37 Exanple 3 The purpose of
this exanple is to show how the procedure of Exanple 2 can be nodified to
make a cross- lamnate without "U-Ri bs", when this is desirable, and in

10
negative peaks) but again separated by stretched out
sections (along the abscissa).

The cross-laminate of the present invention thus
differs from the product disclosed in WO-A-880S5378 and
illustrated in Figure 6 therecf. The laminate shown in
figure 6 does not have thickened rib sections. Also the
surfaces of each side of the cross laminate are generélly
sinuseidal in profile and do not have the stretched
pertions between the maximunm and minimum regions.

In the foregozng, the first aspect of the invention
has Been described with a view to the application for bags

\/ and similar applications, in which high stiffness in one
direction and much lower stiffness in the other direction
- is desirable. However, in an embodiment of this aspect the
bigger thickness of the ribs and their u-like-profile is
eliminated, at least in pa-.; in a pattern of transverse
lines. These lines act as "flex~-lines" so that the cross-
laminate readily can be ben_, not only over a longitudinal,
but also over a transverse line. In this embodiment the
objective is the introduction of bulk and vertical
resilience in the cross-laminate, at the same time as this
is given a high flexibility, which is desirable mainly in
textile-like applications, e.g. for tarpaulins and cover-
sheets. |

The elimination of thickness and u-shape can be
_ carried out by embossment at a temperature below the
o melting point, care being taken not to ruin the transverse
tear properties, or by a stretching localised to the said
transverse lines, like the longitudinal stretching in US-aA~

4,285,100 (Schwartz). |

As a special feature of this embodiment the production
of these transverse "flex-lines" can be carried out at a
temperature which, in combination with the applied
pressure, produces a strong bonding, preferably a true
welding in these lines, while the rest of the cross-
laminate is kept weakly bonded or not bonq;d at all. Wwhile

a generally weak bonding is necessary for the tear-
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this connection denonstrate the advantages of carrying out the two
conpressional transverse stretching steps in "registered" nmanner. The
procedure of Exanple 2 is repeated in exactly the same way except as

foll ows: 1. Longitudinal and transverse stretching ratio as neasured
at the end of the process each is 1.40 : 1l.3jfAreas stretch ratio therefore
1.40 x 1.40 = 1.96 : 1. 2. Tenperature of heat treatnent 100[err]C

(Rollers 29 andpB8fpagdtionThees hseaneahi nasbeaveeadyhe deasii oifild 0ff ygr qed
introduction) the strong bonding localised to the "flex-
lines" has the effect that the cross-laminate can be
repeatedly and_strongly bent in both directions, as when a
tarpaulin flip-flops in a strong air .'jet, without
delaminating. In fact the application of transverse "flex-
lines", which at the same tinme are lines of strong bending,
is very useful not only for cross-laminates with u-shaped
ribs, but also for any cross-laminate of the type defined
in the introduction to claim 1. |

,As mentioned above in the description connected with’
claim 1, it is often advantageous that the laminate shows
big resistance to bending around longitudinal lines, but
low resistance to bending along trénsverée lines. However,
‘there are also applications in which a high resistance to
bending is required in all directions, e.g. in the usual
manufacturing process for glued block-bottom bags. For
such applications, the laminate with longitudinal ribs as
described should preferably exhibit the additional feature
that it is undulated or zig-zagging when viewed in its
longitudinal sections.

This can be achieved in simple manner, e.g. in the bag
making line, by taken the laminate with the described rib
X structure first through a first set of nip-rollers of which
s one is a rubber roller and the other a gear roller, which

may be relatively sharp edged on the tips of the cogs,
operating so that the laminate gets a permanent bend around
these tips, and then through a second similar set of nip
rollers set-up to bend the laminate in the . opposite
direction and so that the laminate alternately is bent in-
one and the other direction. The longitudinal ribs of "y-
shape" as described have an important function in the
stabilisation of this bending.

Preferred compositions for the cross-laminate of the
first aspect of the present invention are tri-extruded
films with a main layer for strength in the middle and
minor layers at the surfaces for facilitated bond:ng
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rollers is adjusted by trial and error to a value slightly | ower than that
which restores the U-shape. . (If nmuch |ower, the thickness wll becone
nore irregular). The process is carried out both with the four cross-
sandwi ched filns of each 65 gnferr] and those of each 130 gn2 For
conparison, simlar trials are carried out thout "registration", and for
this purpose the line is operated in two s}%% After preheating of the

follor 56, “—JEE&uﬁ%ﬁ‘Ltﬁ?ESE{%&'@L?&&ﬁa&traFa cPtEpfte fAF L etontne! "
st ep. cross-laminate and that the main layer of sald fllms
consists of 10-30% low density polyethylene mainly of the
linear type, and the remainder high-molecular weight
polyethylene, high molecular weight polypropylene or a
combination of both. These are selected to give a high
stiffness in addition to high strength values and heat-
'sealabllxty. | _

The process of the first aspect of the present
invention is for treatment of a cross—sandwich which is
stretched in the direction transverse to the direction of

U ' advancement of the web through the process using grooved
S rollers, and in the process the at least two films are
continuously laminated together: and is characterised in
that said. transverse stretching is effected by forming
below the melting point of the thermoplastic material an
undulated cross-sectional shape on at least the cross
laminate - of the cross-sandwich and during or after said
forming process, stabilising the ¢tip. portions of the
undulations on at least on one side of the cross-laminate
and transversely stretching the cross-sandwich between the
'stabilised portions by the use of grooved rollers, this.
stretching being adapted to maintain the shape or a memory
of the shape of the material in the stabilised portions of
\— the undulated shapé and subsequently heat-treating the
| cross-sandwich so that the material between the stabilised
portions shrinks along a hypothetical plane 1lying
substantially midway between the surfaces of the cross-
sandwich in the local region of shrinkage in a direction
lying perpendicular to the direction of movement of the web
and if necessary, so that any stabilised portions of the
undulating memory of which has been retained in the grooved
roller transverse stretching opérati.on are reshaped at
least in part, thereby to create a rib patterned cross-
laminate in claim 1 with thickened rib portions as defined

in claim 1. -
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In this step, the 4-ply goes through the entire route from47/48 to and
iI'ncl udi ng the heat treatnent, cooling and separation. Before first step,
the 4-ply is heated to 60C and rollers 47/48 are heated to the sane

tenperature, while all following rollers are kept at 50C. Before second
step, the 4-ply is heated to 50[err]C and {fe rollers for conpressional
transverse stretching are kept at this tenperature while the rollers for

longi tudinal stret oddtg pHatieal 13, 28e uhBulaksohher e oY RVsaHRRh
is carried out under use of grooved rollers. The simplest,
but not most efficient way of giving the tip-portions of
the undulated structure a stabilisation of the curved form
is by carrying out this forming close to the melting point

f the material. The material is f'irst' heazed to such
tempe:'atxi:e and is then formed over one or between two
slightly inte.rméshing grobVed rollers, the temperature of
wvhich is kept well below the temperature of the cross-
sand'wich_' so as to-avoid that the material stretches on the
tips of the grooved roller or rollers. The cross-sandwich
is cooled down before the further processing.

An alternative way of carrying out the stabilisation
'is by cross-linking under use of irradiation. The curved
pertions to become stabilised are irradiated, e.g. with
accelerated electrons while the rest of the cross-laminate
“is not irradiated. A suitable cross-linking agent may be
-added in the extrusion process. This may give a very
efficient stabilisation but is also relatively complicated
in practical production.

The most préctical and efficient way of carrying out
the forming and stabilisation of the curved portions, is to
carry out these two actions as one process by use of
_ compressionally ilorking grooved rollers. This means
\ grooved rollers, in which the grooves have outwardly

inclined side walls of which each has a portion that
matches with (i.e. during the 6peration is substantially
parallel to) a similar portion on the opposite grooved
roller, and which grooved reollers are operated under a high
roller pressure to sgueeze the material between these
parallel portions. Reference is here made to WO-A-
88/05378, which already has been mentioned in the
description ¢f the background of the present invention, see
e.g. fig. 2 of said publication. For use in the first
aspect of the present invention, stretching of the portions
on the tips of the grooved rollers should be avoided or
minimised at least on one side of the cross-laminate, so
This is the replacement sheet |
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38 The subsequent processes are carried out under the sane conditions as
expl ai ned above in connection with the "regi stered" procedure. In both
steps, rollers 47/ 48 are used to give the 4- ply a 5% strain before the
conpressional stretching. Total stretch ratios are the sane as in the
"regi stered" process. Results: 14

that these portions beccme thicker than the portions which
have been s@uee:ed.

‘The conditions can with advantage be adapted even to
increase the thickness of the cross-sandwich porticns on
the tips of the rollerX grocves. _

It was found <hat the <foraing under use of
compressional forces has an .adeguate stabilising effect.
. There can accidentally occur a slight amount of
stretching at the very middle of a groove tip during
compressional'stretchiné,'resulting in a narrow thinner
portion at the middle cf the generally u-shaped.rib, in
livf : which thin portion the otherwise convex surface may
- unintendedly become concave (see Fig. 4). As long as this
phenomenon does not disturb the. general character of the
ribs, the product and method will still fall under the
scope of the invention. _

- In order to eriable stretching of wide film under use
cf the high pressures for the squeezing and under
maintenance of a high precision in the fitting of the
grooved roller surfaces into each’ other, the stretching

- arrangement is preferably divided into segments over the
width of the cross-sandwich as disclosed in detail in the

above mentioned WO-A-8805378, see figs. 3, 4 and 5.
- As already discussed above 88/05378 discloses that .
N what is intended to become two or more cross-laminates caﬁ
be transversely stretched together, one' on top of the
other, between the compressionally working grooved rollers,
and then separated later. This procedﬁre is particular
advantageous in connection with the first aspect of the
invention not only because of the higher production
capacity and improved gquality of the surfaces which are
separated from each other, but alsc because the squee::ng
of material intc the portions on the tips of the grocwved
rollers is facilitated when the cross-sandwich :s

relatively thick during this operation.

The material needs not be longitudinally stre= :red
after being arranged as a cross-sandwich, however in =-s<-

ons o
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Cross sections of all of the final products are exam ned by m croscope.
Those which were stretched in "regi stered" manner exhibit the thicker ribs
at even spaci ng, but between the ribs the thickness is very even. Amld
cold calendering easily elimnates the ribs, and the thickness then becones
even all over. Those sanples which were not stretched in "regi stered”
manner, show intervals of about 10-20 nm wydth which | ook al nost |ike the
above nentioned regul ar structure (because of the tendency of the waved

filmto "fall tasest thekitobutshrtueen eachcnb:tlestannlesdeschaer g-ape
intervals of to cr as a step which is second to the stakilisaticn step,
nc matter by which means this stabilisaticn is carried out.
A particularly efficient and suitable'way cf producing
the "U-rib® structure ccmbines the-seccad;aspeci cf th
present invention ints this first aspect cf sta:tinglthe cf
the cross-sandwich with a first compressicnal grocved
rcller stretching, then the cross-sandwich is stretched
longitudinally, then again treated between cempressicnally
working grooved rollers, while this second. compressiocnal
grooved - roller process 1s adapted to fit with the
undulations produced by the first compressional stretching
8¢ that the action of the second compressional ‘grooved
roller stretching increases the curvature and stabilisatien
of the material in the rib-portions which was started
‘between the first compressionally wotrking grooved rollers.
This "registration" of the two processes does nct present
any particular problem, provided all three above menticned
stretching steps are carried out in-line with the cross-
sandwich passing from one roller to the next with only
short distances between said rollers. |
~ During the longitudinal  stretching over rollers
. positioned close to one another, the undulations will
&u; Partly disappear due to tendency to shrinkage of the
Polymer material in the transverse direction during
stretching in its longitudinal direction, but there will
always be at least traces of the undulation left, and this
facilitates the "registration" of the secend grooved roller
process.
Further details are disclosed below in connection with
description of the second aspect of the invention. '
The total longitudinal stretching of the cross-
sandwich can with advantage be divided on two steps, cne as
described above, and the second following directly after
thg Second step of compressicnal treatment between groovad
rollgrs. Prior ¢o this second step, the cross-sandwich is
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about 5 - 10 mMmmwidth in which the structure is irregular, with spots of
.the cross section frequently less than half of the average thickness. Wth
t he avail abl e apparatus for cold calendering, it was not possible to
elimnate the thin lines of these cross |am nates. Exanple.4 Exanple 1 and
the "registered" part of exanple 3 are repeated with the difference that
the starting filns are nmade on basis of pd& ypropyl ene. Corrposition of

-m ddl e Iayer of the co-extruded filnms (75% of the total fil
preferably cooled in order to preserve the undulations or

the "memory" of the undulations.

The cross-sandwich can proceed directly from the
second compressional treatment and after a subseguent
longitudinal stretching step to the heat-treatment under
nild tentering or by ircning, but usually.a higher degree

. of transverse stretching is desirable before the heat-
treatment, and this may be carried out by use of a simple
grooved roller stretching process, i.e. such that the
cross-sandwich touches the surfaces of the grooved rollers
only en the tips of the grooved surface pattern.

|\ _ If only one step of compressional ‘transverse
stretching has been applied (or another process for forming
and stabilising the curved portiens), such simple grooved
roller process has to be used in any case.

As a measure to maintain the memory of curved shape in
the stabilised portions of <the cross-sandwich, this
stretching is preferably carried out near room temperature,
eg between 15-40°C.

According to a further aspect of the invention there
is provided an improvement in a process of transversely
stretching a film as described in WO-A-8805378. The
process is for transversely stretching a film or film
sandwich by passage between intermeshing, driven grooved
rollers, which grooves are circular or helical, and in
which the film touches the surfaces of the grooved rollers
only on the tips of the grooved surface pattern, and the
improvement is that in order to remove stretching heat and
keep the polymer material at the desired temperature during
the stretching, a flow of fluid medium, p*e‘e*ab‘y air or
water, is directed through the nip of the grooved rollers
on one or both sides of the polymer material. It was found
that <his measure, in additien to preservation of the
memory of curved shape, also helps to make the stretching
even, and therefore this measure can with ad'v"antage be
applied to transverse stretching between grooved rollers of
any stretchable polymer film or film sandwich below its
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80% hono- pol ypropyl ene of nelt flow index of 0.3 (ASTM No. D 1238 condition
‘L) + 20% LLDPE (sanme ASTM but condition E), The surface |ayers, 10% and 15%

of the total filmare the sane as in exanples 1 and 2. 39 Fil m gauges:
60 gnferr] for the trial corresponding to Exanple 1 and 65 and 130 gnferr]
respectively, for the two 17

melting point, in particular when the material tends to
neck down inétead of stretching evenly. This tendency to
necking will be most pronounced when the polymer material
is relatively stiff at the given temperature, and in the
case of cross-sandwiches when the angle between the main
direction of orientation and the machine direction is"
relatively low. ' _

While this aspect of the. process is generally
applicable to grooved roller stretching, the following
again concerns the achievement of the cross-sandwich with
u-shaped thicker ribs.

The cross-sandwich will leave the grooved rollers in
an undulated form with an undulation which need not have
any relation to the original formation of curved portions.
| The width of the cross-sandwich from edge to edge,
measured along the undulated shape, and divided by the
straight distance from edge to edge, indicates the average
transverse stretch ratio. A part of this stretching will
be eliminated by shrinkage during the heat-treatment, while
a part must remain in the final product. The mechanically
determined allowances for shrinkage and the temperature of
the heat-treatment must be carefully adjusted to allow the
straightening out of the material between the stabilised
_ portions, at the same time avoiding elimination of the
\./ curved form in the stabilised portions, or allowing a

recover of this form, if it was lost before.

This controlled transverse shrinkage can be carried
out in an oven, while the edges of the cross-sandwich are
guided by conveying devices, but more convenientlv by
feeding the sandwich in an evenly pleated state to one - sre
heated rollers, the degree of pleating adapted to
establish, in conjunction with the transverse shrinkage,
the needed low transverse tension. This is a new use of
the method for transverse shrinkage which is described in
. US Patent No. 4,629,525 which already was referred to
above. By correct adjustment of the degree of pleating and
maintenance of a low longitudinal tension, the system will
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trials corresponding to Exanple 2. O herw se the procedure of these
.exanpl es are exactly followed. Results: Cross sectional profile: The shapes
of the UURi bs closely correspond to the respective sanples of exanples 1
and 2, except that the trial corresponding to Exanple 1 |eads to a nore
even thickness between the-ribs. The selig8supporting capability,
expressed as the thickness of LLDPE film which is equivalent in this
respect, is gbemi®0%Nhnigheage hamdexkistiatdd dhmedte cfosthe needed low

tension, and the heated rcllers will perform an ironing
effect. '
During this <treatment, the bonding between the
individual films can be increased %o the wanted final
value. _ _ _ . .
referakply the cross-sandwich is also allowed a
longitudinal shrinkage simultaneously with the transverse
shrinkage. |
‘The ccntrol cf the degree of pleating cf the cross-
sandwich when it meets the heated roller or first heated
_ ‘roller can be established by different methods of which the
A preferred now shall be explained.
' The cross-sandwich coming out of the grooved roller
unit is transversely tightened in a tenter-frame or by use
of banana-recllers or the like, and the intermeshing between
these grooved rcller is adjusted so that the width after
the tightening is substantially egqual to the desired final
width. In this state, the transversely tightened cross-
sandwich is fed to a last set of intermeshing grooved
rollers, which are set to give exactly the desired degree
of pleating. No spreading-out is performed between this
last set of grooved rollers and the first heated roller.
In order to establish the correct conditions for the
K/; _ contraction, the degree of pleating at the entrance to the
heating-treatment preferably is at such a value that there
still are a few narrow pleats in the material as this
leaves +the last heated rclier and <hese pleats are then
removed by very mild zentering, e.g. with a banana-rcller.
£ter the heat-treatment, the cross-sandwich is coocled <to
ambient temperature. If the process invelves separation of
the sandwich to several creoss-larminates, this is preferably
carried out as a last step.

As it appears fror the description of the background
of <the invention, <the Kknown <echntlozy <©o which the
invention is connected, starts with a generally uniaxial
meltorientation, which normally is a very weak orientation
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| am nates of Exanples | and 2. This is the replacenment shet | claim 1.
An el ongated cross-lamnate of at least two filnms fornmed fromorientable
t hermopl astic polynmer material, in which each filmis uniaxially oriented
or biaxidlly oriented in an unbal anced manner to t hereby have a nmai or
direction of orientation, and the major X&@ientation directions of the
I ndi vidual filnms criss-cross each other with the najor direction of

of pclymer blends capable of forming a fibrillar merphclogy

("grain of polymez") in connection with this
meltorientation. The scope of the present invention is
neither limited te the use c¢f such blends, nor to the use
of weakly melt oriented films for the cross-sandwiching.
mhe ¢tubular films which are uniaxially or unkbalancedl
biaxially oriented and spiral cut,_may have received this
ntation below the melting point. 1In this connection it
is observed tha%t strongly or medium-strongly oriented £ilm
(uniaxially or unbalancedly biaxi allv orlen ted) which after
ess-laminaticn are further str -ched, usually thereby
receives a very strong tendency to . curl up along cne of the
main axes of orientation. However, by use of the first
aspect of the present invention this tendency is interacted
by the u-formed ribs, and ‘a much stronger uniaxial
character of the initial films is possible, when this is
desirable. The achievement of this effect is a further
objective cf the invention.

The £following concerns <the second aspect of the
invention, the improved stretching methed. t should be
noted <¢that the second <forming and stretching tep
preferably but not necessarily also is carried out
compressionally by combined transverse tentering and
transverse sgueezing a».zon. As it appear <Zrom the
i,? foregoing, this second aspe-- in particular is suitable as

first step or steps of the manufacture of the "U-rib"
lazinate, namely for forming and stabilising the curvature.
However, the method can with advantage also be used for
ther purposes. Thus, if subsequent processes are not set-
up as explained above f£or maintaining or for recreating the
"U~-structure®, the final product may be completely without
such curvature, but can exnhibit a regularity which is
unusual £or sheet material stretched between grooved

rollers. '
By a subseguent calendering process, which even may be

carried out at room temperature, it is easy to make <he

- .

thickness perfectly even if this is desirable. Examples 2
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orientation of at |east one of said filnms extending at an angle to the
ength direction of the cross-lamnate, and the cross-|lam nate exhibits a
pattern of generally parallel |engthwi se extending striations constituted
by thickness variations therein resulting fromstretching at a given
stretch ratio of the cross-lamnate transwgrsely to the length direction,
wherein said pattern of striations conprises elongated ribs extending in

said | ength difect]op; S%ﬁ@?%%ﬁ“’e' 81 £l IS IAM S ALY £ELh 0P DRLURE D g

general |y concave and™ y convex curved surfaces whic
general |y coi rdieht naskatadn madensvBRSE| WsF 94 dthksigmietdiodeAndnwbhl

opposite faces 8158 did %?grarr&éméweéﬁdeﬂé ghoelk¥akuesohisaadi gy
concave surface ‘being generally greater than that of said convex
arrive ‘at these configurations. .

It should also be mentioned that, although this
stretching method in particular £finds uses in the
manufacture of crsss laminates, and more specifically in
the manufacture 6: cross laminates from polyolefins, it is
applicable in general to all kind of thermoplastic,
stretchable sheet material including sheet materials which
are not laminates. ' |

\/ - There are <two alternatives for coordination or
"registration" of the two steps of compressional transverse
stretching and forming, one being to adjﬁst the division
between the undulations on the sheet entering the grooved
rollers of the last forming step and the division between
the grooves of these rollers to fit with each other. 1In
this connection it is noted that, due to elastic recovery
forces, the undulated sheet leaving the grooved rollers of
the first forming step will try to expand with relatively
big force, thereby tending to increase the division between
the undulations, ©On the other hand the sheet will try to
contract in the transverse direction during the

o longitudinal stretching process, also with a relatively big

\~ force, and thereby will tend to reduce this division. By
appropriate choice of process conditions these opposite
tendencies can be brought to outbalance each other, but
normally this will not be a convenient way to ma2ke the
"registration", because it sets strict 1limits for the
chcice of stretchiqq ratios, ©roller pressures and

stretching températures. However, if the net expansion or

contractions (as the case may be) is found experimentally
~under the wanted conditions, the grooved rollers of the
second forming step can be constructed with a precalculated
division between the grooves, and an exact fitting between
this division and the undulations can be achieved by small
adjustments of the process conditions. | '
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surface whereby the ribs have a maxi numthi ckness greater than the average
t hi ckness of the |am nate, and each rib as a whole has a generally shall ow
U-shaped transverse cross-section, and the lamnate material in or adjacent
to |ateral boundaries of the ribs in the tensionless state of the materi al
are generally reversely curved relative t&ihe rib curvature to give the
material between adjacent pairs of ribs a generally flattened condition. 2.
A cross-|ami nate accer@8nhAgito X8 aPRTES Wi&ei n¥e&d patt EPftYof *stFf aRF6ns
conprised by saidh elongatady iab?ﬂcsmoa:rﬁﬁtﬁrﬁrldemcgutar'"ml emrootehack™
substantially the entir’e area qf, said cross- Iﬂaru'pgt’,ew;[h;_sais the ..
repl acenment sHeetthe grooved Iollels C second sordldl -8p. .aelelcre,

if whe divisicn of these grcoved rcllers and that cf th

unéulaticn do nct exactly £it to each cther, there will
still be "registraZticn" at intervals along the width cf the
sheer and these intervals may be relatively wide and

together cover most <¢f the width, but between these

’J
o |

tervals of T"registrazicn" +there will Dbe narrower
intervals in which the structure will be irregular.

The alternative way of achieving the "registraticn" is
by u‘sing for first and secocnd fcfming pro’cess' grooved
rollers of the same divisicn, while keeping the distance
between each set of rollers which the 'sheet passes over
between the first and second forming processes sufficiently
low to force the sheet %o Xkeep constant the division
between the undulations cf the sheet. Preferabkly the
forzes acting to keep the division between the undulations
constant are increased by su?plying rollers which the sheet
passes over after leaving the grooved rollers of the first
fcrzing process and befcre meeting the grooved rollers of
the second forming process, with guiding tracks, of the
same division as the division on the grooved rollers

ey
"

c
the first and second forming process.

A | If smooth rollers are used between the two fcrming
steps, but still using a very short distance between each
set of rollers, there may occasionally come irregular bands
in the Sheet, but in general the structure will beccrme
regular, ' .

In a further embodiment of the stretching method the
grooves on the rcllers for f£first and second forming process
are adapted %o squeeze the sheet within bands only the
sheet portions tc become peaks of +he undulations are nc=
squeezed, and so +hat the sgueezed bands of the f:irst
forming process are wider than the squeezed bands ci the
second forming process |

This is the replacement sheet

Date:

11 SEP 1998



41 3.

A cross-lam nate according to claim2, wherein the convex surfaces

of the ribs alternate in series fromone side to the other side of the

Cross-

| am nate. 4. A cross-lam nate according to claim2, wherein the

convex sides of the ribs are on the sane side of the cross-|lam nate. 5.

cross-lam nate according to claim2, wherei

the ribs of adjacent pairs of ribs is bet n 1 and 10 mm

The avoidiﬁg of any squeezing on the sheet portions
which beccme peaks is well known from WO-A-89/10312, and
the special feature of :his embodiment is that the first
forming process exerts its'squeezing action over wider
areas éfficiently undulated when it meets the grooved
rollers df'second forming process and thgrefore best apt to
"fall into'track“,'ﬁhile on the other hand the narrower
areas of squeezing during second forming step secure that
there can remain thicker'"ribs” in the final product when
this is wanted, e;g. for the "U-rib" structure which is
described in detail in this specification. |

The sheet coming out from the second forming process
may be used as it is for special purposes,'but normally

. further longitudinal and/or transverse stretching processes

are carried out subsequent to this second forming process,

e.g. for manufacture of the described "U-rib" laminate.

In this connection, an embodiment is characterised in
that the sheet is heated prior to the first forming
process, kept at substantially unchanged temperature before
and during the second forming process, and is coocled before
the subsequent stretching. This cooling helps to preserve
the curvature or memory ©f curvature as needed in the
manufacture of the described "U-rib" laminate. It also
enhances tear strength of the final product and improves
the evenness of transverse stretching between grooved
rollers, when this stretching is followed by a heat
treatment under transverse shrinkage (as described in the
introduction to this specification).

- Finally an embodiment is characterised in that the
sheet is subjected to calendering between smooth rocllers
subsequently to the last transverse stretching step which
is carried out before final use of the sheet.

As already mentioned, the stretching according to this
second aspect of the invention produces a regularity which
is unusual high compared to known stretching pfocesses
under use cf grooved rollers, even when a low stretching
temperature is chosen as réquired for several purposes. If
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nmeasured. from peak to peak and taken as an average. 6. A cross-| am nate
according to claim2, wherein the average thickness. of the generally
flattened naterial between lateral rib boundaries, a boundary being defi ned
as the locus where the rib thickness equals the average thickness over a

| ocal region including several neighborin% ribs and the generally flattened
mat eri al therebetween, is at |east 15% an preferably at least 30% I ess -

than the maxi g (U.GRIGS PToLBEERD adkora thi” 885 AL TRLEoAFCgLgLog, {0

claiml, whereint Cross- sectl on each sal
general ly re-éncilardting mhwesiubasqubatmg%‘km apiepssi dos okl planes

drawn tangent H"il«Lyat %gf%de‘ﬁéﬁ’%%éé‘é UPFOknd &s AORETH lon ideteRA1ERAN ePREVEEN
an included angl e of
evenness is eas;ly achieved by the mentioned calendering
even when the tempera_ure during the calendering is at or
" about room temperature, e.g. up to 50°C.

' The invention also comprises apparétus to carry out
any of the embodiments of the method according to both
first and second aspect. The construction of such
apparatus appears from the description of the method and
also from the apparatus drawings.

The invention is illustrated in ‘the accompanyihg
é¢rawings in which:
Fig. 1 shows the embodiment of the product in which the u-
shaped ribs protrude from one surface only,
Fig. 2 shows the embodiment in which they protrude from
both surfaces, | -
Fig. 3 shows a rib and adjacent material more in detail,
Fig. 4 shows an irregular rib, still falling under the
scope of the invention and
Fig. 5 show a preferred process line for the "U-rib®
structure of the first aspect of the invention and for the
second aspect of the invention as a flow-sheet.
Figures 6A and 6B shows a schematic representation of
o~ apparatus suitable for carrying out the process of Figure
5.
Figures 7 and 8 are sections through pairs of grooved
rollers at their surfaces in the nip.
Fig. 9 is a schematic representation of a 1line
suitable for carrying ocut the process of the second aspect
of the inventioen. .
Fig. 10 is a section through one of rollers of Fig. 9
at its surface. ‘
Fig. 11 is a section through another of the rollers of
Fig. 9 at its surface. ‘
Figs. 1 and 2 show the thicker ribs, which have cross-
section of form like a flat U, and the bendings in the
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10 up to about 90. 8. A cross-lam nate according to claim 1, wherein the
<longitudinally extending U shaped ribs are locally interrupted by a pattern
of longitudinally separated transverse deformation |ines wherein the

i ncreased thickness and U-shaped profile of the ribs are substantially_
renoved to thereby enhance the flexibility of the cross-|lam nate about
transverse |ines. 9. A cross-lam nate aeording to claim1, wherein each
of said at least two filnms has three plies including a main | ayer for

strength in tppisitec diltidctivn e raplreeenethesbetndaries of the ribs.
The cross-section of the cross-laminate shown in fig. 1
will normally be formed when eg four films are taken
together in the "lLateral Calendering™ process (i.e. through
the compressionally working grooved rcllers) are separated
into two cross-laminates at the end of the process line,
provided there is only used one step of "Lateral
Calendering®. In the more efficient procedure in which twe
mutually registered "Lateral Calendering" steps are used
with longitudinal stretching in between, the cross-section
of fig. 2 will normally be formed. This cross-section will
o/ also normally be the result of using one "lLateral
Calendering" step alone without any separation following.
Fig. 3 illustrates the definition of the angle (v)

which is the angle between the two tangency planes on the
~concave side of the rib near its twe boundaries at the
locaticns where this angle is maximum, is at least 10°,
‘taken as an average for the different ribs across the

cross-laminate.

Fig. 4 shows a rib-shape V which can be formed if a
slight amount of stretching has taken place on the tip of

the rib-forming grooved roller. This deviation is
acceptable as a compromise to enable the use of cheaper
; machinery.

The flow sheet fig. 5 summarises the most preferable
procedure, which involves two steps (steps 4,6) of "Lateral
Calendering®", and the process steps to form the ribs cf the
laminate (steps 9,10) has been described in detail in the
foregoing.

Example 1 _ .

This example is based on example 3 WO-A-88/05378, with
some variations as explained hereinafter.

The example relates to the manufacture of a high-
strength cross-laminate in a commercial process using a
technique in which the sheet is stretched and laminated
while in double thickness and is separated at the end cf
the process. Each layer is a coextruded film and ccnzains
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42 and mnor layers at its opposite surfaces to facilitate bondi ng between
the filnms and inpart heat-seal properties thereto and the main |ayer of
said filnms consists of 10-30% | ow density pol yet hyl ene which is mainly
| i near | ow density pol yethylene, and the remai nder is high-nolecul ar wei ght
pol yet hyl ene, hi gh nol ecul ar wei ght pol ypsopyl ene or a conbi nati on of both.
10. A cross-lamnate according to claim1, which also has an undul ating or

zi g- zagai Ng ¢y} vabpee sty facehQageshavh MeVRset § nad OnglésdenahyeeCcihobhe
manufacturing process, and which at the same time improves
the heat-sealing properties (in'the following referred to
as release/seal layer) and
(2) another surface layer which promotes the bending
"(blocking) of the plies of the laminate to each other.

A tubular film is extruded comprising a main layer in
the middle, in which 1layer the strength essentially
‘resides, and the above mentioned release and lamination

layers. | - |
The three layers form 15%, 10% and 75%, respectively,

of the total film. ' '

The gauge of the extruded film is 62 g m'’. The main
~layer of extrusion consists of 70% HMHDPE of density 0.95
(melt flow index about 0.05% according to ASTM D-1238
condition E) 20% LLDPE of hexene type and melt flow index
o | 0.8 (ASTM D-1238 condition E)and 10% homo-polypropylene of

' melt index 0.3 (ASTM D-1238 condition L).

The release/seal layer consists of an intimate blend
of 70% of the same LLDPE + 30% EPDM {ethylene-propylene-
dimene) melt flow index about 0.4 (ASTM-D1238 condition E)
of trade name "Nordel NDR 5715.

The extrusion temperature is 240°C, the diameter of

. the annular extrusion orifice is 385 mm and the blow ratio

Y 1:1.2. Each of the tubular films is cut helically under an
angle of 30° and four such films, each having a width of
about 1250mm, are laminated and stretched with the surface
layers facing one another in the following seguence:

(1) lamination layer to lamination layer,

(2) release/seal layer to release/seal layer,

(3) lamination layer to lamination layer.

Initially, the assembly of the four films, which still
are not bonded together, is preheated on a pair of rollers
to about 50°C and fed under tension into the apparatus
shown in Figures 62 and 6B as described further below.

. The apparatus of Figure 6 comprises a long grooved
roller $ and mutually staggered rows of short grooved
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11. In a process of manufacturing a continuous el ongated web of rib-
-patterned cross-lam nate fromat | east one cross-sandw ch web, each such
cross-sandwi ch web being formed fromat least two filns of orientable

t hernopl astic polynmer material wherein the filns are each uniaxially or
unbal anced biaxially oriented to inpart tggreto a maj or direction of
orientation and at |east one of the films“exhibits an angle between its

| Ong L BRLgELL Do Sl L1 LRI S0odLieg! OBBT 4R LER 8L 00x 20d B A

| east two filns are san I'n C $Sing-arrtange
the respectivefnthese cﬂqlebﬁﬂs)ﬂtas’ofa gricovenrmt i ien aghisbhwbaid Figure 7.

Cross- sandui ChauRbet S0y rsaﬁgeﬁslae headd & I dd AUAISALP 14 1400
y passage of t sane W se between groove roI
Slde walls 5a or Sb and a peak 7a cr 7b5. The side walls Sa
and 5b of opposing rollers are parallel over a porticn of
their length. Each base €a and €b is of a size such that
the film is not under compression between the peak and
base, even though it is under compression between the side
walls 5a and S5b. This is achieved by shaping each base so
as to provide a small space 8 between the film and the
_ base.. The peaks 7a on one roller are preferably separated
O by about 1 mm, in the actual example l.4mm. The angle of
between the parallel portins of the side walls is 55° and
the radius of curvature on the tips 0.20mm. The rollers 190
and 11 are mounted so that they can be pressed against the
roller 9 with any chosen force. 1In practice the roller ¢
is driven (by means not shown) and the rollers 10 and 11
can then be driven by the roller 9 through the sheet 4.
The apparatus includes a longitudinal stretching uni:
consisting of four smooth rollers 17, 18, 19 and 20 (19 and
20 forming a nip) driven at a speed so as to give the
desired degree of stretching, and it also includes at least
two further pairs of intermeshing grooved rollers 21, 22
and 24, 25. These are of the design shown in Figure 8 and
N\ are all driven rollers. |
Conventional intermeshing rollers A and B for the
transverse stretching of a film 4 are shown in Figure 8 and
have circular grooves formed of a base 3a, 3b side walls
2a, 2b and peaks 12 and 1b. The peaks on one roller have
a separation of about 4 mn.
After the first set of conventional grooved rollers
21,22 the cross-sandwich is passed over banana roller 23
which mildly tenters the cross-sandwich and spreads it by
eliminating the pleats formed by the grooved rollers 21 and
22.
The filh is then passed thfough the second set of
conventional grooved rollers 24, 25 to form a pleated shape
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said at least two filnms are | am nated together, the inprovenent wherein the
transverse stretching is effected by form ng said cross-sandwi ch web while
at a tenperature below the nelting point of the thernoplastic material into
undul ati ng cross-sectional shape; during or after said undulating formng
process, stabilizing in their curved shape tip portions of the undul ati ons
on at | east one side of the cross-sandwi ch web; and transversely stretching
t he stabi | iZﬁd,Cfmsaoeandwirtthewehehltet"a'gig)nSthﬁémnhéiiltedtnblléifsdati p

aapt ed to PG R3¢ ndonEhERAn"1FS0r" shia ke Y e ogar S iRl % nape
or at |eastraliemsrylpf2zaidh @m!dulzét purgwsmtﬁpé:,he transverse strezch to
the laminate. The film must be relatively cold whilst
progressing through those rollers or the memory cf the
increased thickness portions will not be retained.

Therefore an air jet of ambient temperature is blown
through the nip of the grooved rollers 21, 22 and 24, 25 on
both sides of the cross-sandwich to cocol the sandwich and
remove stretching heat, thereby alsc minimising the
tendency to "necking". The ambient temperature is 33°C
(the trial carried out in a tropical countryj.

The long roller 9 is formed of 25 segments of hardened
steel each 60 mm long and the two rows of short rollers,
each comprising 13 rollers, are also formed of hardened
steel and each matches a segment. Each segment terminates
at each end in a half-groove which is about 0.05 mm wider
than the half width of the other grooves, so as to allow
for inaccuracies in assembling the rollers and at the same
time prevent narrow regions of the film sandwich from
becoming strongly squeezed by end teeth on the rollers 10
as well as be end teeth on rollers 11. The segments are
firmly screwed together axially on a common core. The
segments have a diameter of 200mm and the short rollers a
e diameter of 150 mm. The film speed entering the rollers is

about 25 m/min. '

The roller pressure on the grooved rollers 9, 10, 11
is adjusted to a value which is as high as possible without
getting holes in the cross-sandwich, in actual fact to 200
kilo per cm length.

As already mentioned the cross-sandwich is preheated
to 50°C. The rollers for "Lateral Calendering® (9, 10, 11)
and for the subsegquent longitudinal stretching (17 to 20)
are kept at 40°C.

The longitudinal stretching is set to give a stretch
ratio 1.25:1 in the final product.
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43 and if said stabilized portions retain only a nenory of said undul ating
shape, subsequently heat-treating the cross-sandw ch web so that the
material in |local regions between the stabilized tip portions shrinks al ong
a hypothetical plane Ilying substantially m dway between the surfaces of the
cross-sandwi ch web in a direction perpendigular to the direction of :
novenent of the web, so that said st abi | i 2&d tip portions which retain only

ol ey of ! he KR AN O SNESLRREY, gl 82°brbudd Loy LLEL DY
(21, 22) used after the longitudinal stretching is set to
give the final transverse stretch ratio 1.33:1. The final
area stretch ratio therefore is 1.25 x 1.33 = 1.66:1.
Since the original film gauge is 62 _c;m'2 and the final film
is two-ply, this means the final gauge should be
(2 x 62):1.66 = 75gm4. The final gauge is alsoc directly
verified as mentioned below.

Thus, 1like in the mentiocned example 3 of WO-A-88-

05378, the cross-sandwich leaving the first set of groocved

~ rollers (21, 22) after the "Lateral Calendering" (%, 10,

\J' 11) and longitudinal stretching (17 to 20) is mildly
tentered over banana roller 23 before entering the second

set of conventional grooved rollers, 24, 25. The distance

from edge to edge of the cross-sandwich is kept constant

after the passage through the second set of grooved rollers

24, 25, but unlike the conditions in the said example, the

second longitudinal stretching is omitted, and the pleated

material goes directly to the heated rollers 26, 27 for the

heat treatment. These rollers are heated to 80°C, and at

the end of this treatment, the material has practically

reached this temperature.

The longitudinal tension between the last set of

_ grooved rollers 24, 25 and the first heated roller 26, is
~\# "~ Kept high, whereby the pleats introduced in the material by
these grooved rollers can be kept very evenly distributed,

but at the entrance to the heating <treatment, the
longitudinal tension is reduced to a practical minimum,

(i.e. beyond roller 26) so that friction between the heated

rollers and the material is kept low to allow elimination

of the pleats by transverse shrinkage. Also, a high
tension here would cause a too strong ironing effect. The -

low tension further allows the material to stretch in the
longitudinal direction, thereby stabilising this dimension.

In order to enable the merntioned change of tensions, roller

29 is driven at a controlled velocity and forms a nip
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a pattern of elongated | engthw se ribs of generally shall ow U shaped
transverse cross-section. said ribs having a maxi num thickness
significantly greater than the average thickness of the cross-lamnate as a
whol e. 12. A process according to claim 11 in which the heat treatnent is
conducted whil st subjecting the web to mlggtransverse tension. 13. A
process according to claim 11 in which the heat treatnment is conducted by
form ng the crosgetseriwwdithwebubbes preafterof2ftedelar namdd 28 zarendidle
contacting the g%ﬁg}gd web with a hot, .snboth roller, to thereby
substantially i out said pleats while maintaining the cross sandwi ch
under a transverse Betwéem thefihdafinttseatpentsr wditd 26, 27 and cooling

unit rollers 29 and 30 there is installed a very mildly
acting banana roller 31 for spreading. 29 and its counter-
nip roller 32 are driven, while 30 is idling. The tensions
along thé_line are controlled by tension-control-rollers,
32, 33, 34, 35 and 36

The intermeshing between the last pair of grooved
rollers 24 and 25 is very carefully adjusted sc that there
still are some fine pleats in the material as it leaves the
last roller of the heat treatment, but no pleats after the
mild banana roller action. _ |

Like in the mentioned examéle 3, the material is
separated into two cross-laminates by peeling apart between
the second and third films. _

The cross-section is examined in microscope, and the
self-supporting capability judged by bending over an edge,
with a strip acted by its own weight.

Different samples of ordinary LDPE-film are similarly
tried for comparison. '

' The cross-section is of the type shown in fig. 1, with
the angle v (reference to fig. 3) typically being 30° and
the thickness at the middle of the ribs is about 1.5 times
" the average thickness between the ribs.

The self-supporting capability according to <the
mentioned test corresponds to that of a 140 ng LDPE-£film,
while the gauge of the cross-laminate is found to be 73
g m'? which agrees closely with the calculated value
mentioned above.

Example 2

One objective of this example is to demonstrate the
2nd aspect of the invention, in which a sheet in two steps
is ~ transversely stretched and formed between
compressionally working grooved rollers in a "registered®
system with longitudinal stretching between these two
compressional stretching and forming steps. '

This is the replacement sheet

Patet 11 SEP 1998



stabilized tip portions to undergo said re-shaping. 14. A process
according to claim 11l wherein the cross-sandwi ch web is longitudinally
stretched prior to or inmmediately following said formng of the web into
sai d undul ating cross section and the stabilization of the tip portions of
the undul ating web. 15. A process accordigpg to claim1l, wherein the
stabilization of the tip portions is effected by carrying out the formng

of the cross-|am nahecHel GBactaivé WlUb i adagposs1seebl alnkhiseatles
cross-1|amnate |§{aR a teweg,agurg cl ose to the nelting p0|nt %L salg
t her nopl ast i c P3STSFFEAATHi 54 GiRd S e ARREFEIT S shetddbRde: ©0  the gEposs
sectional configuration shown in Fig. 2, l.e. the
configquration in which the convex side of the ribs, in
alternating arrangemént, is on cne and on the other side of
the cross laminate (contrary to the arrangement resulting
from the procedure of example 1). |

The process follows the flow sheet of Fig. 5, except
that there is applied 2 2nd longitudinal stretching step
between steps 6 and 7. ,

The compqsition of co-extruded film, extrusion
conditions, conditions of spiral cutting and arrangement of
4 spiral-cut films for lamination all are as described in
example 1, except that the gauge of each of the co-extruded
films in one trial is 65 gmq and in another trial 130,gmq.
Thus, the sandwich used in the process consists of 4 films,
each with a 30° angle between the longitudinal £ilm
direction (the machine direction) and the direction of
melt-orientation, and with the directions of mel:-
orientation érranged such that the 2-ply laminate which
come out ét the end of the line both are cross laminates.

The combined stretching} lamination and forming of “U-
Ribs" is carried out in the line shown in Fig. 6A, except
that the apparatus-indicéted'by a box now is the roller-
o line which schematically is shown in Fig. 9.

General description of the stretching line and - process:

The first step of <compressionally transverse
stretching and forming takes place between , on one side
of the film-sandwich the grooved reoller 37, and on the
other side the 2 mutually staggered rows of short grooved
rollers 38 and 39. The similar 2nd compressional step
takes place between the grooved roller 40 and the 2 rows cf
short rcllers 41 and 42.

Each of these sets of apparatus for compressional
stretching and forming consists of (see Fig. 6B) rcller §,
staggered rows of short rcllers 10 and 11 and connected
eqguipment 12, 13, 14 and 15, and the surface pattern on the
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44 material. 16. A process according to claim 1l wherein said
t hermopl astic polynmer material is adapted to undergo cross-Iinking under
irradiation and the stabilization of the tip portions is carried out by
cross-linking the polymer nmaterial of said web under irradiation. 17. A
process according to claim1l, wherein ti#l fornm ng of said cross- sandw ch
web into undul ating cross-section and stabilizati-on of the tip

grooved rollers corresponds to that shown in Pig. 7.

Dimensions of the rollers and of the surface pattern are
mentioned below.

In order to withstand the high forces of the
compression, each of these grooved rollers is made of
hardened steel. The surface pattern'is machined with an
accuracy of +/- S micron. '

The 4-ply film-sandwich comes from a roller unit (not
shown) in which it is heated to 60°C. It is taken-up by
the smooth nip-rollers 43/44 before it meets the grooved
rollers 37, 38; 39 for first transverse stretching and
formiﬁg. From 37 it passes into the first longitudinal
stretching apparatus consisting of rollers 45, 46, 47 and
48 and then meets the rollers 40, 41 and 42 for 2nd

~ transverse stretching and forming. In order to “registér“
the two forming steps, the surfaces of rollers 45 and 46
have guiding tracks as shown in Figs. 10 and 11. Further
about this guiding will be mentioned 1later. The main
longitudinal stretching in this part of the machine takes
place between rollers 45 and 4§. _

The stretched sandwich then passes into the 2nd
longitudinél stretching apparatus consisting of the smooth
rollers 49 to 55 and continues further as shown in the flow
sheet Fig. 5, or in other words through the steps which in

o Fig. 5 are numbered 7 to 12. As it appears from this, the
cross laminate of 4 films is split into two biaxially
stretched 2-ply laminates at the end of the entire process
line.

All rollers are supplied with drives, except the
rollers in the staggered rows 38/39 and 41/42, and except
rollers 44, 48 and 55 (which are driven only from the
counter rollers through the film-sandwich). 44, 48 and S5
are rubber coated rollers used to form a nip, while all
other rollers are steel rollers and have an internal water-
circulation either for maintenance of the temperature of

the film-sandwich or for cooling, as the case may be (see

below). ——r
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portions thereof are carried out sinultaneously by passing the cross- .
~sandwi ch t hrough conpressionally working grooved rollers. 18. A process
according to claim11l, wherein a plurality of said cross- sandw ch webs.
each having the two polyner filns arranged with their orientation
directions in criss-crossing relation, ﬁ s stacked together and processed
si mul taneously and after the processing the plural cross- sandw ch webs are

separ at ed frqf§$£$t§{@p% 19. A process according to claim1l, wherein as
mal nt ar n

a nmeasure to e menory in the stabilized portions, the stretching

bet ween grooved ro$$eP§ne#°Fﬁ€:cF8§s%ﬁﬂﬁﬁw%% WebChs isafefedesinean tihe he
material in thgpsteblbigedipantl ans ItdunyeRas 9eent pERAtedt Wee sodicel g abl y

bet ween apparatus not shown. Roller 43 is also heated to the same
temperature. The compressionally working grooved rollers
37, 38 and 39 ought to be maintained a2t a slightly lower
temperature than the film-sandwich. Should they by mistake
get a higher <temperature there will be a risk that
"necking® will occur in the middle of the ribs as shown in

- Fig. 4, or deeper than shown. Therefore roller 43 and the
bearings and housing in whlch the short rollers 38 and 39
are nested are kept at 50°C and the*e is constantly blown
ambient air on 38 and 39. Ambient temperature about 20°C.
After the 2nd transverse stretching and forming process, -
the laminate is cooled to about 20°C before any essential
further stretching, and the laminate is kept at about this
temperature at all steps before the heat treatment.
Therefore rollers 49 to 54 in Fig. 9 and 21, 22, 24, 25, 25§
and 27 are kept contrclled at the temperature 20°C.

The main longitudinal stretching during the 2nd step
takes place between 52 and 53, whereby'the laminate can be
sufficiently cooled by the passage over rollers 49 to 52.
Like in Example 1, the temperature of the heat treatment
rollers (29 and 30, see Fig. 6A) is kept at 80°C.

o Velocities of rollers, stretching ratios

When velocities of rollers are mentioned in the text
below, this refers to the circumferential velocities.

The velocity at the end of the total stretching line,
i.e. after separation into the 2-plies cross laminates, is
set to 60 m/min (1 ms’').

In order to avoid wrinkles, the roller 37 runs 5%
faster than roller 48, and in order to secure a precise
transfer to roller 45, this moves 5% faster than roller 37.
The ratio of velocities between rollers 45 and 46, which
establishes the main longitudinal stretching between the
twe forming steps, is variable. The adjustment of this
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150 - 40[err]C 20. A process according to claim 13, wherein during said
heat treating the cross-sandwi ch web is allowed to undergo both an overal
transverse contraction-and an overall longitudinal contraction. 21. 1In a
process for transversely stretching a polyner filmor a plurality of
polymer filns arranged in sandwi ch rel atipn by passing the sane between
opposed grooved rollers each having on the periphery thereof a pattern of

circular or hglirabegrmsmeiormedl Laterveni RPINRIKSIN Wovidie peakueofsaane
roller in intergesplng relgtion with the grooves of the This is the
repl acenent sYebPeity as 46.

In order to produce optimum strength proper:‘es; the
longitudinally stretched laminate is preferably relaxed, at
least in part, between rollers 47 and 40. Therefore the
ratio between the velocities of these rollers is also
variable. It is adjusted subjectively to a value which
gives about =minimum tension in thél laminate without'
creation ¢f any wrinkles. '

The smooth longitudinal stretching rollers 49, S0, S1
and 52 mutually move at the same velocity, which is 5%
faster than that of 40. The ratio between 52 and 53 again
is variable (about the adjustment: see below). 54 and 55
move at the same velocity as 53. The setting of tensions
during the rest of the stretching line (see Fig. 6A)
corresponds to what is written in Example 1.

The intended longitudinal stretch ratio in the final
product is 1.35 : 1. This is achieved by trial and error,
while varying the ratios cf velocities between rollers
45/46 and 52/53,_at the same time keeping these two ratios
equal. '

The intermeshing of the first set of grooved rollers
(21, 22) used after the full longitudinal stretching is set
to give the final transverse stretch ratio 1.35 : 1, i.e.
e the same as the longitudinal stretch ratio. The final area

' stretch ratio therefore is 1.35 x 1.35 = 1.82 : 1. This
corresponds to a final gauge after separation into two 2-
plies, of in one trial 65 x 2 : 1.82 = 71 g’m’Z and in the
other trial 1.30 x 2 : 1.82 = 143 gmq, which also is
established directly. Like in Example 1, the intermeshing
between the last pair of grooved rollers (24, 25) is very
carefully adjusted so that there still are some fine pleats
in the material as it leaves the last roller of the heat
treatment, but no pleats after the mild action of banana
rcller 31.

Pattern of rolier surfaces, distance between rcllers,

diameters of yrollers, roller pressures
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* C L M S * 45 opposite roller, and in which the filmor
filmsandw ch contacts only the tips of the peaks of the grooved rollers,
the improvenment of directing a flow of a fluid coolant nmedi umthrough the
nip of the grooved rollers on at |east one side. of the filmor film
sandwi ch Wiil e the sane passes between said opposed grooved rollers in
order to renove stretching heat and keep e filmat the desired

Lermerature during o{releh ng.. 22,8, TeLIOL Sl I8} ¥, 31185 0o g

39, 40, 41 and 42 are formed as shown in principle in Fig.
7. More specifically, the angle between the parallel
pertions of the surfaces cf the grooves is 55° and the
division measured from middle to middle of each tip is 1.60
mm, i.e. 0.2 mm bigger than that used in Example 1. The
reason for this is that the machine must be able to stretch
a heavier sandwich, namely in the second trials 4 x 135 gm'2

which is equivalent ¢o about 600 micron thickness. |
- The radius of curvature on the tips are: on rollers
37, 38, 39 0.20 mm and on rcllers 40, 41, 42 0.30 mm.
U Under the prevailing circumstances, the 0.2 mm has been
found to be about the smallest which can be applied without
creating a neck as shown in Fig. 4, and it leads to a very
efficient waving of the cross section of material, with the
result that the laminate easily "falls into track" on the

following rollers. | _
The reason why the radius of curvature on the tips on

the rollers 40, 41, 42 is kigger than this, namely 0.30 mm,
is that the squeezed, band-formed portions in the second
forming'process then become narrower than the squeezed
band-formed portions in the first forming process, which.
has the effect that the thickening of the ribs becomes more
- pronounced. If the stretching line were destined only for
e manufacture of cross laminates without the "U-Ribs" (as the
final products in Example 3) it would have been more
convenient also to use 0.20 mm as radius of curvature con

the tips of rollers 40, 41, 42.
Rollers 45, 46 and 47, which have the function to
transfer and longitudinally stretch the laminate without
ringing the waved configuration out of order, have =zuch
more shallow grooves (tracks) with the-same division as
those on the grooved rollers for compressionally forzirng
and stretching. On roller 45, the angle between the rcller
axis and the surfaces of the grooves is 45°, by which they
approximately £it with the configquration of the waved
cross-sandwich (see Fig. 10) while the corresponding angle
This is the replacement sheet
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material by the steps of:. 1) subjecting the web of material to a first
simul t aneous transverse stretching and form ng operation in which opposite
surfaces of the material are conpressed towards each other over at |east

| ateral |y spaced | ongitudinal regions there%f by passing the materi al

t hrough conpressi onal ly worki ng opposed grooved rollers fromwhich the

dounst rcam ofoR ASBRY dbsiBInd Y STy S oottt rordor Bk FL 27 e
web | ongitudi pEdmithtipaskaminate famransrrge oppntedcr-@bher”g mWdtiath nige at
a hi gher ci rcwﬁl*eaqtlflte[r?éf &ir$RECEne longitudinal stretching
The statement above that the grooves (tracks) ~he
longitudinal stretching rollers-have the same d-vzs:.:-: as
the grooved rollers for compressional stretching and
forming, must be understoed on an average basis as fcllzows:
like in Example 1, the l:mg grooved rollers are forsmeZ of
segments (in this case each segment is 80 mm- leng) screwed _
together on a common core, and each segment terminates at
each end in a half-groove which is 0.05 mm wider than the
half<width of the other grooves. (Explanation: see Exa=pl
N 1). This extra 0.05 mm at each end of each segment is
taken into consideration in calculation of the average
division, so that ‘errors don’t add up from roller %o
roller. ' _

The waved laminate exhibits a strong tendency <o
expand laterally before the longitudinal stretching, whil
the longitudinal stretching creates a tendency to contract
laterally. Under the stretching conditions selected in
this example, the tendency to expand is prevailing, under
other conditions it can be oppositely. However, the tracks
on the rollers have the function to aveid any expans‘c* cr
contraction. In order to achieve this effect, the distance
between rollers 37/45, 45/46, 46/47 and 47/40 are cnly a
few mm each and are adjustable. These rollers are very
precisely lined-up t.o keep the waved laminate properly "in
track". To this end, the frames for the rollers 's zade
sufficiently stiff, and there is chosen a relatively &ig
diameter (300 mm) for all rollers which otherwise by
bending could disturb the alignmenz. The c¢ther criven
rocllers have the same diameter (300 mm) but in this case in
order to get sufficient heating/cooling surfaces.

The distance between 43/37 and between each pair of
neighbour rollers in the row 40 - 54 are less critical and
are chosen to about 20 - 50 mm each. The bearings and
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than said conpressionally working grooved rollers, and 3) subj ecting the
dongitudinally stretched web to a second transverse stretching operation by
passi ng the sane through additional opposed grooved rollers, wherein the
stretching conditions are selected to renove fromthe web naterial a
portion of said undulations while retaining at |least a trace of said

undul ations therein; and said second stretthing operation is correlated to

Separ ati on berGEARE (HE i ST GRS rER HEURBD % SR Ao ESALAEPoRan
bet ween t he grmovixsowdhtsaaphzddius imal threaddagr @fl ahe ldne. :
The short grooved rollers in rows 38/39 and 41/42 have

diameter 150 mm as in Example 1. The pressure between

these rollers and their corresponding long rollers 37 and

40, respéctively, is set a% the highest value which can be

applied without making holes in the cross-sandwich. With

feeding of 4 x 65 = 230 gm°® film-sandwich, a roller

pressure of 200 kg per ca roller lengbh is chosen, and with

feeding of 4 x 130 = 520 gm film-sandwich a roller
pressure of 300 kg per cm roller length.

Sampies from the 71 g’ln‘z cross-laminate is tested in
the same way as in Example 1, while samples from the 143
gm'z cross-laminate only is tested by the microscopical
examinations. Both sets of samples show the convex side of
the ribs in alternating arrangement on one and on the other
side cf the ?am_na e as shown in Fig. 2. The gauge between
the ribs is clearly more even than observed on the laminate
of Example 1. The angle v (reference to Fig. 3) typically
is about 40° on one side and 30° on the other side, and the
thickness at the middle of the ribs is about 1.8 times the

- average thickness of the material between the ribs.
_ ' The self-supporting capability according to the test
o mentioned in Example 1 for the cross-laminate of gauge 71
gm’? corresponds to that of a 160 gm 2 LDPE film.

Compared to the simpler and cheaper process line used
in Example 1, the process used in Example 2 has the
following advantages:

1. It can make the convex side of the ribs alternately on
one and on the other side (Fig. 2) even when the material
is separated in the middle at the end of the process.

2. It can produce the "U-Rib" structure at higher linear
velocities.

3. It can operate with thicker material.

4. The material between the ribs becones mofe even.
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This is the replacenent sheet 46 b) utilizing for each of said first
and second operations opposed grooved rollers having substantially the sane
separation. between the grooves thereof and |ocating any intervening pair of
rollers through which the web passes between said first and second
operations sufficiently near a next upstredm pair of rollers that the

separation am _ |
‘The purpose of this example is to show how the
' procedure of Example 2 can be modified to make a cross-
laminate without "U-Ribs", when this is desirable, and in
this connection demonstrate the advantages of cérrying out
the two compressional transverse stretching steps in
"registered" manner. '
The procedure of EXample 2 is repeated in exactly the
same way except as fellows: ' :
1. Longitudinal and transverse stretching ratio as
measured at the end of the process each is 1.40 : 1. Areas
_ stretch ratio therefore 1.40 X 1.40 = 1.96 : 1.
2. Temperature of heat treatment 100°C (Rollers 29 and
30). : '
3. The intermeshing between the last set of grooved
rollers is adjusted by trial and error to a value slightly
lower than that which restores the U~-shape. (If much
lower, the thickness will become more irregular).
The process is carried out both with the four cross-
sandwiched films of each 65 n;m'z and those of each 130 gni.
For comparison, similar trials are carried out without
"registration®”, and for this purpose the line is operated
in two steps. After preheating of the 4-ply, both steps
] start between rollers 47 and 48. The first step ends with
_§~; roller 55, after which the 4-ply is spooled up'for use
again in second step.

In this step, the 4-ply goes through -the entire route
from 47/48 to and including the heat treatment, cooling and
separation.

Before first step, the 4-ply is heated to 60°C and

" rollers 47/48 are heated to the same temperature, while all
following rollers are kept at 50°C. Before second step,
the 4-ply is heated to 50°C and the rollers for
Compressional transverse stretching are kept at this
temperature while the rollers for longitudinal stretching

are kept at 20°C. -
. This is the replacement sheet
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bet ween the undul ati ons of the web remains constant. 23. A nethod
according to claim22 wherein said additional opposed. grooved rollers are
al so conpressionally working opposed grooved rollers conpressing opposite
surfaces of the web towards toward each other over at |east laterally
spaced |l ongitudinally extending regions thereof. 24. A nmethod according to
claim 22 wherein in the practice of alter¥fative b), at |east one pair of
feed rollers for said web is provided at a |ocation intervening between
sai d conpressi vel \Thr&kibgeguedlc PrASiasses spre ssayrided tPehaundesokde

rollers and et s I o NexPSa[nel SBbLE n SobiRKiRth WLtk e
peripheral surface wth a pattern of transversely
"registered™ procedure. -
In both stéps, rollers 47/48 are used to give the 4~
ply a 5% strain before the compressional stretching. Total
'stretch ratios are the same as in the “registered® process.
Results: | ' o
Cross sections of all of the final products are
examined by microscope. ‘Those which were stretched in
"registered" manner exhibit the thicker ribs at even
spacing, but between the ribs the thickness is very even.
AN A mild cold calendering easily'éliminates the ribs, and the
thickness then becomes even all over. '

Those samples which were not stretched in “registered®
manner, show intervals of about 10-20 mm width which look
almost like the above mentioned regular structure (because
of the tendency of the waved film to "fall into track") but
between each of these intervals there are intervals of
about 5 - 10 mm width in which the structure is irregqular,
with spots of the cross section frequently less than half
of the average thickness. .

With the available apparatus for cold calendering, it
was not possible to eliminate the thin lines of these cross
laminates.

Example 4

Example 1 and the "registered" part of example 3 are
repeated with the difference that the starting films are
made on basis of polypropylene. Composition of middle
layer of the co-extruded films (75% of the total film):
80% homo-polypropylene of melt flow index of 0.3 (ASTM No.
D-1238 condition L) + 20% LLDPE (same ASTM but condition
E).

The surface layers, 10% and 15% of the total film are
the same as in examples 1 and 2. ,
This is the replacement shest
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spaced gui ding tracks having a transverse separation that is the sane as
-the separation between the grooves of said grooved rollers. 25. A nethod
according to claim 23 wherein the opposite surfaces of said web are
conpressed toward one another in both of said first and second si nul taneous
transverse and form ng operations by the rggpective conpressionally working
opposed grooved rollers in longitudinally extending transversely spaced

the Tips of ad acen B gPs: ey I e L PR Fordaspntiag e
peaks free of EJQ‘R‘?P konprassi £ aRd 2RO tTRns \RASREGH onfeF the Bavis
of web subj ecteed d X CCUYF &Sdrlibhg Vo6 KEREmPY esaid first grooved rollers is
Otherwise the procedure of these examples are exactly
followed.
esults: :
Cross sectional profile: The shapes of the U-Ribs closely
correspond to the respective samples of examples 1 and 2,
except that the trial corresponding to Example 1 leads to
a more even thickness between the ribs. |
| The self-supporting. capability, expressed as the
. thickness of LLDPE film which is equivalent in this
‘respect, is about 20% higher than exhibited by the cross-
laminates of Examples 1 and 2.

- This is the replacement sheet
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larger ;than the transverse dimension of the bands subjected to This is the
repl acenent sheet 47 conpressional working by said second grooved
rollers. 26. A nethod according to claim 22 wherein said web 1S subjected

to a further |ongitudinal and/or transverse stretchi ng ﬁﬂﬁ H ent
to the second stretch in operation. 27. A nethod accor M}"m ’Fm’
wherein said web is heated to a 40 - A T I T

| claim:

1. An elongated cross-laminate of at least two films formed from Oriéntable
thermoplastic polymér material, in which each film is uniaxially oriented
or biaxially oriented in an unbalanced manner to thereby have a major

~direction of orientation, and the major_orientation directions of the
individual films criss-cross each other with. the major direction of

orientation of at least one of said films eXtending at an angle to the

L length direction of .the cross-laminate, and the cross-laminate exhibits
| a pattern of generally paralle! lengthwise extending striations constituted

by thickness variations therein resulting from stretching at a given

~ stretch ratio of the cross-laminate transverselv to the length direction,

wherein said pattern of striations comprises elongated ribs extending in

said length direction each of which is substantially defined between

generally concave and generally convex curved surfaces which are in

generally coincident relation transversely of said length direction on

opposite faces of said cross-laminate, the radius of curvature of said

concave surface being generally greater than that of said convex
surface whereby the ribs have a maximum thickness greater than the

s average thickness of the laminate, and each rib as a whole has a

generally shallow U-shaped transverse cross-section, and the laminate

material in or adjacent to lateral boundaries of the ribs in the
tensionless state of the material are generally reversely curved relative

~ to the rib curvature to give the material between adjacent pairs of ribs

a generally flattened condition.

2. A cross-laminate according to claim 1, wherein said pattern of striations
comprised by said elongated ribs is a generally regular pattern qver
substantially the entire area of said cross-laminate.
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terrperat ure above

si mul t aneous transverse stretching and forming operation

at the heated tenperature until after said second trans /mﬂ

form ng operation

to said further stretching operation. 28. A nmethod according to clain*22

wherein as a final

room tenperature before being subject EdM
v/ i ntai

pand
d

and is cooled to roomtenperature bef or'e Bein

step, the web is passegqthrough at |east one pair of

snoot h-surfaced cal endaring rollers to calendar the web. 29. A bag nade

froma cross-gani ”thﬁoézﬁfé?ﬁﬂbw ahe?@r@ ) éiam'%oz wr?é}@ﬁ{ ﬁf]eueoﬁ@x Qe b/

stretching an el ongat ed

i c mater
the ribs alternate in series from one side to the other snde of the cross-

laminate.

A cross-laminate according to claim 2, wherein the convex sides of the
ribs are on the same side of the cross-laminate.

A cross-laminate according to claim 2, wherein the average separation

between the ribs of adjacent pairs of ribs is between 1 and 10 mm,
measured. from peak to peak and taken as an average.

A cross-laminate accoi'ding to claim 2, wherein the average thickness
of the generally flattened material between lateral rib boundaries, a

boundary being defined as the locus where the rib thickness equals the

average thickness over a local region including several neighboring ribs

and the generally flattened material therebetween, is at least 15% and

preferably at least 30% less than the maximum thickness of the rib.

A cross-laminate according to claim 1, wherein the U-shaped cross-

section of each said rib has a generally re-entrantly curved base

between spaced apart sides and planes drawn tangentially to said sides
intersect to generally define therebetween an included angle of about

10 up to about 90.

A cross-laminate according to claim 1, wherein the longitudinally

extending U-shaped ribs are locally interrupted by a pattern of

longitudinally separated transverse deformation lines wherein the

increased thickness and U-shaped profile of the ribs are substantially

removed to theréby enhance the flexibility of the cross-laminate about

transverse lines.
[

sequence:
4.
. 5.
N
6.
7.
o
8.
9.

A cross-laminate according to claim 1, wherein each of said at least two

films has three plies including a main layer for strength in the middle

placement sheet
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1) - Afirst transverse stretchl ng and filmform ng__LatJ_Qn_Lanpm—y—ng a
first set of driven opposed grooved rollers each haV|n

‘thereof a pattern of circular or helical grooves andul Mﬂ'i“)@ ws W|th
t he peaks of one roller in intermeshing relation wt t he
opposite roller, the grooved rollers of said first sef belng urged toget her
to conpressi onal ly work the film passing yherebetween, to thereby
transversely stretch the filmand simultanéously formthe sane upon

emer gence from tZ;leaﬁd nfihof lﬁ% abfts dErB_bglt@ sUFBBEY % ?é‘éllitaté“%b@ihp%yeen

configuration; g
| engt hwi se and the films and impart heat-seal properties thereto and the main layer of

said films consists of 10-30% low density polyethylene which is mainly

linear low densrty polyethylene, and the remainder is hlgh-molecular

weight polyethylene high molecular weight polypropylene or a
combination of both. '

10. A cross-laminate according to claim 1, which also has an undulating or
,z_ig-zaggiﬂg curvature as a whole when viewed in longitudinal section.

- 1. Jna process of manufacturing a continuous elongated web of rib- .

patterned cross-laminate from at least one cross-sandwich web, each

such cross-sandwich web being formed from at least two films of

‘orientable thermoplastic polymer material wherein the films are each

uniaxially or unbalanced biaxially oriented to impart thereto a major

direction of orientation and at least one of the films exhibits an angle

between its longitudinal direction and its major direction of orientation,

and said at least two films are sandwiched together in a criss-crossing

arrangement of the respective major directions of orientation, in which

said cross-sandwich web is stretched in the direction transverse to its

length by passage of the same lengthwise between grooved rollers and

said at least two films are laminated together, the improvement wherein

the transverse stretching is effected by forming said cross-sandwich

web while at a temperature below the melting point of the thermoplastic
__material into undulating cross-sectional shape; during or after said

undulating forming process, stabilizing in their curved shape tip portions

of the undulations on at least one side of the cross-sandwich web; and

transversely stretching the stabilized cross-sandwlch web in regions

between the stabilized tip portions by the use of grooved rollers, this

latter stretchlngbelng adapted to retain in the stabilized portions either

.said undulating shape or at least a memory of said undulating shape;

Ty b e g:u-,,lacement sheet
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48 partially but not conpletely renove the undul ations therefrom3) —A
second transverse stretching and form ng station conprising a secon et
driven grooved rollers each having on the periphery. t “ﬂ“‘“jman ﬂm;of
circular or helical grooves and interveni ng peaks Wltm X e
roller in intermeshing relation with the grooves of th& dppdsite roller,
thereby transversely stretch the film and4§i mul t aneously formthe sane

and if said stabilized portions retain only a memory of said undulating

shape, subsequently heat-treating the c_ross-sandwich web so that the

material in local regions between the stabilized tip portions shrinks

along a hypothetical plane lving substantially midway between the

surfaces of the cross-sandwich web in a direction perpendicutar to the

direction of movement of the web, so that said stabilized tip portions

which retain only said memog/ of the undulatigg shape are reshaped at
Iea.st in part, thereby to create a rib patterned cross-laminate web with
a pattern of elongated lengthwise ribs of generally shallow U-shaped
\_ ..’H_aaw_sﬂ_ﬁ_wng_a_maximum_imcknm
significantly greater than the average thickness of the cross-laminate as

a whole.

12. A _process according to claim 11 in which the heat treatment is

conducted whilst subjecting the web to mild transverse tension.

13. A _process according to claim 11 in_which the heat treatment is

conducted by forming the cross sandwich web into pleats of

of

to

predetermined size and contacting the pleated web with a hot, smooth .

Joller, to thereby substantially iron out said pleats while maintaining the

- cross sandwich under a transverse tension sufficiently low for said
e stabilized tip portions to undergo said re-shaping..

14. A process according to claim 11 wherein the cross-sandwich web is

longitudinally stretched prior to or immediately following said forming of

the web into said undulating cross section and the stabilization of the
Ltip portions of the undulating web. |

15. A process according to claim 11, wherein the stabilization of the tip

portions is effected by carrying out the forming .of the cross-laminate
web into said undulating cross-section while the cross-laminate is at a

temperature close to the melting point of said thermoplastic polymer

This is the replacement sheet
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upon emergence fromthe second roller set into a transversely undulating
configuration; and 4) regi stration neans for. maintaining the undul ations
in the filmenerging fromthe second roller set in subst ' H

registration with. the undulations in the film energing Iﬁ“l“ﬂ mmﬂmmﬂf .
roller set. 31. The apparatus of claim 30 wherein the, axfal® spactngsof*the
grooves of . both said first roller set d said second roller set are
substantially the same and said regi stration neans conpri ses support neans
for the respecti vgafdright and second roller sets to support the sane in

sufficiently closeproximty that the axial spacing of the undulations in
the film

16. A process according to claim 11 wherein said thermoplastic polymer

material is adapted to undergo cross-linking under irradiation and the

stabilization of the tip portions is carried out by cross-hnkmg the

golyme[ materla of said web under irradiation.

17. A process'according to claim 1, wherein the forming of said cross-

sandwich web into Undulaﬁng cross-section and stabilization of the tip

portions thereof are carried out simultaneously by passing the cross-

— sandwich through compressionally working grooved rollers.

18. A process according to claim 11, whe_rei'n a plurality of said cross-

sandwich webs, each having the two polymer films arranged with their
orientation directions in criss-crossing relation, are stacked together and

processed simultaneously and after the processing the plural cross-

sandwich webs are separated from the stack.

19. A process according to claim 11, wherein as a measure to maintain the

memory in the stabilized portions, the stretching between grooved

rollers of the cross-sandwich w

stabilized portions being near room temperature, preferably between
15° - 40°C.

20. .A process according to claim 13, wherein during said heat treating the

cross-sandwich web is aliowed to undergo both an overall transverse

contraction ‘and an overall longitudinal contraction.

21. In a process for transversely stretching a polymer film or a plurality of

- polymer films arranged in sandwich relation by passing the same

between opposed grooved rollers each having on the periphery thereof

a pattern of circular or helical groov i i i

peaks of one roller in intermeshing relation with the grooves of the

This is the replacement sheet
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energing fromsaid first roller set is preserved untit—the filmreaches the
second rol ler set. 32. The apparatus of claim 30 ration
means conprises at | east one registration roller aw]mﬂlﬂllmalmmﬂmi

first and said second sets of rollers, each said one redistrafioh rbller
having on its periphery a pattern of circunferential gui di ng tracks for
aiding in bringing the undul ations of thegf§ilminto registration with the
grooves of the second set of grooved rollers. 33. The apparatus of claim
32 wherein said gubshditet rotlek and i wiiich ke fifth for dim aRimdWidH ¥otahPoRrN the

circunferenti al depre55| ons in the rolTer periphery.
. tips of the peaks of the grooved rollers, the improvement of directing a

flow of a fluid coolant medium through the nip of the grooved rollers on

at least one side of the film or film sandwich while the same passes

between éai_d oppdsed g_rooved rollers in ordef to remove stretching
heat and keeg the film at the desired temperature during stretching.

22. A method of biaxially stretching an' elongated web of Dolvmeric_sheét

material 'by the steps of:

N2 | 1) subjecting the web of material to a first simultaneous transverse

stretching and forming operation in which opposite surfaces of
the material are compressed towards each other over at least

laterally spaced longitudinal regions thereof b _assin the
material through compressionally working opposed grooved

rollers from which the material emerges in_a transversely
undulating_configuration. ' '

2) downstream of the compressionally working grooved rollers
_s_fretching the web longitudinally by passing the same through

opposed rollers rotating at a higher circumferential rate of speed

than said compressionally working grooved rollers, and

subjecting the Iongitudinally stretched web to a second

transverse stretching operation by passing the same through

additional opposed grooved rollers, wherein the stretching

conditions are selected to remove from the web material a

portion of said undulations while retaining at least a trace of said

undulations therein; and said second stretching operation is

correlated to the undulations of said first ogeraﬁon by either:

a) adjusting the separation between the undulations in the

web to match the separation_be said

additional grooved rollers, or

This is the replacement sheset
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This is t he repl acenent sheet 49 34. Apparatus accordingto—<ctatm 30 in

whi ch, down-stream of the second set of grooved rolj | | east
one further transverse and/or |ongitudinal stretchi “mﬂ”,mm"ﬂ,ltﬁ”ﬂl :
Appar atus according to claim 34 which conprises a heat 4reat Fens st ation
after said longitudinal or transverse stretching station. 36. Apparatus

according to claim35 in which the heat tjgatnent station

b) utilizing for each of said first and second operations

opposed grooved rollers having substantially the same

separation between the grooves thereof and locating any

intervening pair of rollers through which the web passes

i .betw_een said first and second operations sufficiently near

' a next upstream pair of rollers that the separation

" between the undulations of the web remains constant.

23. A method according to claim 22 wherein said - additional opposed.

grooved rollers are also compressionally working opposed grooved

rollers cbmpressing-opposite surfaces of the web towards toward each

other over at least laterally spaced longitudinally extending regions .
thereof. | |

24. A method aécording to claim 22 wherein in the practice of aiternative

b), at least one pair of feed rollers for said web is provided at a location

intervening between said compressively working grooved rollers and

said additional grooved rollers and each such intervening pair of rollers

is provided on its péripheral surface with a pattern of transversely

spaced guiding tracks having a transverse separation that is the same

as the separation between the grooves of said grooved rollers.,

25. A method according to claim 23 wherein the opposite surfaces of said

web are compressed toward one another in both of said first and

second simultaneous fransverse and forming operations by the
respective compressionally working opposed grooved rollers in
longitudinally extending transversely spaced bands corresponding to

regions of the undulations formed in the web between the tips of

adjacent peaks of said undulations leaving the tips of said peaks free

of such compression, and the transverse dimension of the bands of

web subiedted to compressional working by said first grooved rollers is
larger than the transverse dimension of the bands subjected to.
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conprises a snooth heated roller and neans for applying contraolled tension
tothe filmas it contacts the heated roller, and i nmmedi ately upstream of
the heat treatnment station there are grooved pleatjiﬂﬂ ﬂu#l "ﬁlﬁuﬂvide
controlled pleating of the film by contacting the fI§ " W pdllonl y of
the groove pattern of the rollers. 37. Apparatus according to claim 36
~conprising cooling neans for the filmas ki passes through the grooved
pleating rollers, said cooling nmeans conpri-sing neans for supplying sa flow
of a cooling nedi ugpmpPrddstoritli Fvérkiry Bidai sEebAE FoNedfollepsist one side of
the film38. Apparatus—according to ctaim 30 wherern the conpressionally
working first set of opposed grooved rollers exerts a conpressional force

A method according to claim 22 wherein said web is subjected to a

further longitudinal and/or transverse stretching operation subsequent

to the second stretch in operation.

27. _A method according to claim 26 wherein said web is heated to a

temperature above room temperature before being subjected to said

first simultaneous transverse stretching and forming operation and is

maintained at the heated temperature until after said second transverse

— stretching and forming operation and is cooled to room temperature

before being subjected to said further stretching operation.

28. A method according to claim 22 wherein as a final step, the webLs

passed through at least one pair of smooth-surfaced calendaring rollers

to calendar the web.

29. A bag made from a cross-laminate according to claim 1.

30. Apparatus for biaxially stretching an elongated film of polymeric material

which comprises in sequence:

) 1) A first transverse stretching and film forming station comprising

a first set of driven opposed grooved rollers each having on the

periphery thereof a pattern of circular or helical grooves and

intervening peaks with the peaks of one roller in intermeshing

relation with the grooves of the opposite roller, the grooved

rollers of said first set being urged together to compressionally

work the film passing therebetween, to thereby transvérsely

stretch _the film and simultaneously form the same upon

emergence from the first roller set into a transversely undulating

configuration; -

2) A stretching station to stretch the undulating film lengthwise and

e sep\acement sheet
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agai nst opposite surfaces of said filmpassing therebet wen—-alen

I ongi tudinal |y extending transversely separated regions o .
Apparatus according to claim38 wherein said second set of ﬂﬂ %ﬁ!@ “)“'jﬂ“
rollers is also conpressionally working to exert corrpreSS|

agai nst opposite surfaces of the film passing therebetween al ong

| ongitudinally extendi ng transversely segg ated regions of the filmand the
transverse dinmension of the regions worked by the first set of opposed
grooved rollers is gregaekal : Ve he\dr EGh AN S

wor ked by the second se gr-
according to clai )30 \Aheemnd trlaesmrsevsteetolmngjandaémmm t‘ldn somprising

repl acenent sheet
' secon ving on the

periphery thereof a pattern of circular or helical grooves and

intervening peaks with the peaks of' one roller in intermeshing ,

relation with the grooves of the opposite roller, to thereby

transversely stretch the film and simultaneously form the same

upon emergence from the second roller set into a transversely
undulatmg configuration; and |

U | 4)  registration means for maintaining the undulations in the fi Im
| emerging from the second roller set in substantlal transverse

registration with the undulations in the film emerging from the

first roller set.

31. The apparatus of claim 30 wherein the axial spacing of the grooves of

both said first roller set and said second roller set are substantially the

same _and said registration means comprises support means for the

‘respective first and second roller sets to support the same in sufficiently

close proximity that the axial spacing of the undulations in the film

.emerging from said first roller set is preserved until the film reaches the
second roller set.

32. The apparatus of claim 30 wherein said registration means comprises

at least one registration roller arranged between said first and said

second sets of rollers, each said one registration roller having on its

periphery a pattern of circumferential guiding tracks for aiding in

bringing the undulations of the film into registration with the grooves of,

the second set of groo .

33. The apparatus of claim 32 wherein said guiding tracks are in the form

of generally V-shaped circumferential depressions in the roller
periphery.
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50 first set of opposed grooved rollers each conpr+ses-a—base—and*gn_each
side of the base, upwardly inclined side walls and hared
with any adjacent groove, the side walls of opposed uﬂiﬁ m m. oves on
the opposite rollers being generally parallel over. n of
their length, the generally parallel portions of said side walls of opposed

grooves conpressing therebetween Iongltudhgally ext endi ng regions.
opposite surfaces of said film

34. Apparatus i i ' down stream of the seco

set of grooved rollers thére is at Ieast one further transverse and/or,
longitudinal stretching station. |

35. Apparatus accordihgf to claim 34 which comprises a heat treatment

. station after said longitudinal or transverse stretching station,

36. Apparalus according to claim 35 in_which the heat treatment station
comprises a smooth heated roller and means for applying controlled
tension to the film as it contacts the heated roller, and meﬁdlalely

\~/ ypstréam of the héat treatment station there are grooved pleating rollers
lo provide controlled pleating of the film. by contacting the film at the
tips only of lhe groove pattern of the rollers.

37. Apparatus according to claim 36 comprising cooling means for the film

as it passes thr gh the grooved pleating rollers, s jg_c_gghng_means_
c isi r lvi a flow of medium to the ni

38. Apparatus according to claim 30 wheréin the compressionally working

first set of opposed grooved rollers exerts .a compressional force

O against opposite surfaces of said film passing therebetween along

_ longitudinally extending transversely separated regions of said film.

39. Apparatus according to claim 38 wherein said second set of opposed

grooved rollers is also compressionally working to exert compressional

force against opposite surfaces of the film passing therebetween along

longitudinally extending transversely separated regions of the film and

the transverse dimension of the regions worked by the first set of
| | rollers i ter than the t i ion of it
regions worked by the second set of opposed groove rollers.

40. Apparatus according to claim 30 wherein the grooves of at least said.
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41. Apparatus for transversely stretching a filmof polynmer m rrateual%eh

conprises a pair of opposed grooved rollers through which the fil TQBAM
or

adapted to be passed, each roller having thereal ong al tegm““Mﬂ‘
hel i cal grooves and peaks, neans for biasing said oppose

to bring opp05|te grooves and peaks into intermeshing rel &tibn i th the
film passing therebetween in contact onlyggith the tips of said peaks of
the opposed rollers to formthe filminto a transversely undul ating

configuration to tfiref sétyofloj ase.fer ebved fdllers &8ch BS lrilséa; aBULeC A bAgagRANS
for cooling the filmwhi|e undergoing such stretchi ?
a directing a fl oyBide Qfomeah@smupwmdlwlaelmed sidenwallsfanch@ ppplswbichols! er s

on at least one sige, gf Rl\hﬁ'l T by adjacent groove, the side walls of opposed
intermeshing grooves on the opposite rollers being generally parallel
over at least a portion of their length, the generally parallel portions of

said side walls of opposed grooves compressing therebetween

longitudinally extending regioh‘s. of opposite surfaces of said film.

41. Apparatus .for tra'hsvers'elLstretching a film of polymer material which

comprises a pair of opposed grooved rollers through which the film is

adapted to be passed, each roller having therealong aiternating circular
or helicanrooves and peaks, -means .for..biasing said opposed rollers

_together to bring opposite grooves and péaks into intermeshing relation

Jwith the film passing therebetween in contact only with the tips of said

peaks of the opposed rollers to form the film into a transversely

undulating configuration to thereby transversely stretch the film, and

cooling means for cooling the film while undergoing such stretching

comprising means for a directing a flow of coolant medium through the

nip of the opposed rollers on at least one side of the film.

42. Bag made according to the process of claim 11.
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.42. Bag nmade according to the process of claim1l. This is the repl acenent
"sheet

ABSTRACT

\MT ®N ETT

A cross laminate of two films, each of which is
uniaxially or unbalanced biaxially oriented, the films
being arranged so that the major axes of orientation criss-
crogs each other (steps 1 to 3), is treated in 'a

KJ, calendering prQCgss in which machine direction ribs are
formed which are thicker than the sheet between the ribs
and which have a configuration which confers, increased
resistance to bending over a line perpendicular to the rib.

. The ribs are formed by a combination of passage between
grooved rollers ("lateral calendering”) (steps 4 and 6),
the i;frooves of which include inclined walls on opp‘o"sing.
grooves between which the material of the laminate is
squeezed, longitudinal Stretchinq (step 5) and heat
treatment (step 10). In a preferred process a sandwich of
two cross~-laminates is subjected sequentially to passage
between a (first set of grooved rollers (step 4),
longitudinal stretching (step 5) and passage through a

(N ' second set of grooved. rollers (step 6) in which the
undulations created in the first set of rollers are
registered with the second set of grooved rollers, followed
by heat treatment (step 10), for instance an ironing
process. The cross sandwich is then cooled (step 11) and
separated into two cross laminates (step 12).

Figure 5.
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