23 January _?_007 1 Crosslam nate of Oriented Filnms, Method of Manufacturing
same, and Coextr itable in the Process The present invention
concerns crossl ar”"lmwmmmmmmnj l.ami nates of filnms of which at least two are
uni axi al 'y or unbal apged,biaxially oriented, in which 5 td3eJafmady 2007ecti on
of orientation in one o “these films crosses the main direction of
orientation in the other one. Mire specifically the invention- concerns
nodi fications, nade in a suitable pattern, of the surface propgrtles O e
the two filns e nate_and ar one
to each ot her %ﬁ?ﬁnﬁé? ggﬁff\@?g?g?@&g@@? ﬁc%flt“ﬁgu'f%gb& %?aﬂ'&kFﬂé

such. pattern forned m)dl Cloeatrusitm Dissuitsible iKkpePro®sid i cati on of i nternal

surfaces in a |l am thou not actually used for crosslam nates)
consists in printi 'n@nt%ﬁé@@Pﬁﬁﬂ%oﬁﬁ@mm%neo'ﬁ@"mteﬁh!éfllmsfaces
whi ch becone dfwrsmal lea'sfm;o drBenidaly Guraldren b?%@‘o%%t%qg%g@hf the
| am nate during use. is One aspect o he 1 nvention t of
thi s met hod, themain difeetian @fcprtmtatmmme ofdhess tnlmsrmbsm thetrbgiAns of :

criss- CFOSSI ich t relatiyve enS|ve printing
process is su St%lﬂ ﬁtgfegﬂﬁntggmﬁb\%% mﬁ?r%rﬁpﬁ%ﬁ?%‘f' 'g'/lt hRInveptionsi on
process. Furtdwcems&n@dlﬁmwnél magehe disiRablePatichh of APEGH é%pr’o@@rtfe@vem lon
gi ves very sgg |aI 8 t hr ee- di mensi onal effect as it sha? e descri bed

later. As redGfMRM% n?%%meaﬁs&sf@ceﬁwh@we l@$lﬂ§dlﬁ%|am1n§h60€md:al§e rragg of 2002
| astics, ref I | CS enber ,
g 50. i SLoeEq fo ERCHBMr Tndft &l dipianh BN PR S S

consi derlthg eﬁwcﬁmﬁﬁtmﬁormequdlfmtlansover for conponents manuf acturers are

25 t t ol ff nti roducts and all ow
pergglngg :saf1 ?oﬁ %Kg%lil P@% 78 S'flﬂaﬁ{)’ﬂg ?r@Pﬁ %@Ff’%@é@m!ﬂ@t%
cr ossl am nat €althmad® not a@tua?plwuwa*f@r d?é&élérhﬂwat@é)rboﬂ‘sn%% ingt |n't|h zftﬁclﬁs shal |

proposed, be used te inprove the tear propagation resi stan
now be deal t d&FPIRtVA p@ét?'éﬂ on oge gf the swtacen athicoberame mhemlage'ﬁwaﬂhe

expl anati on ‘?éxttolf‘?aﬁiﬁﬁ'}"ﬁbrﬁ{o? élr@ggegﬁg I%ﬁ,ﬁ#&gl&gxgv&sle.l be useful. Al so

for this aspect o e |nven I on
15 One aspect of the invention is an improvement of this method, but

limited to decorative, sales promoting patterns of criss-crossing coloured

bands by which the relatively expensive printing process is substituted by a
low cost modification of the extrusion process. Furthermore a special
embodiment of this aspect of the invention gives very special

20  three-dimensional effect as it shall be described later.

As regards the importance of visual effects in products made of
plastics, reference is made to an article in Modern Plastics December 2002,
Pg. 50: “Visual Effects means Business”, which states "(i)hsfead of
considering an exterior simply as a cover for components, manufacturers are

25  using it as a marketing tool to differentiate products and allow
personalisation”.

Modifications of the internal surfaces in a crosslaminate, made in a
suitable pattern, can also, as it has been proposed, be used to improve the
tear propagation resistance. This shall now be dealt with in detail, and in

30  that connection a general explanation of the known crosslamination

technology will be useful. Also for this aspect of the invention, the main
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23 January 2007 2 purpose of the invention is to substitute relative
expensive or less efficient process steps by a |l ow cost nodification of
the extrusion nmethod. Cross-lam nates of oriented filns fromsynthetic
polymer materials have been comrercially produced since 1238antfenoomi nly
as described in 5 the inventor's patent GBA-0 792,976 of May 23, 1955. To
the inventor's know edge the total annugal worl dw de production today
anounts to about 30,000 tons. The cross-lam nate is used in particular as

i ndustri al ba}ﬂﬁpos@@W%Sh@{tront@fd)@t%dtlﬂﬁe réBfds blPsHsiPGde égffrc?er{répr Od“Ct S-

The polyner nmaterials used for these cross-lam nates have been
and are nai n|Rmﬁ@ﬁsyiiteﬁ&;bé@éowmsbmpglmpamn ehibesixtrasibhenethod: ypes often

nodi fied by bl endigg acturln esses
conprise the steps 01S ?é}ﬂmtagéeé gleﬁ%gﬁﬂﬁﬁﬁfogﬁsw {'?18°| (i i

ori ented mai rhayei beenttx)mmelgﬁlalyd:rﬁabceﬂ $ines 1968, theh hféﬁilil)és@é‘séﬂrlﬂéli hh' s tube
to a web thtﬂglts main d %ono orientation on the bias, and

conti nuously INVEROY ﬁ’?{ﬁmt A} 799946 of Mavvah 4 9ab+ Rottheinvemtaris di r ect i ons
of orientati %O\Aﬁédg'%sfh%rtef%?éﬁﬂﬁl%fﬁn&@?rd@uﬁﬁo#%dapgmq? %Mlﬁ | am nat e

afilmwhichis oriented mainly 1nits Tongitudina ‘n the
first commer 3POGtanst dtterwbesylantinsteds ased irepartipulanas [ndistrid bags ext r uded

t ubul ar fllm oriented mai ongi t udi nal 20

di recti on, o}(yg sﬂ%g %@%HF%% ngp@ﬂ@gre g ﬁhiaﬂpF%ﬁ{cison prior to the helical
cutting. | n a | atfve polymier mbariafegsdh Hilsetrosdliapfih@as habe Bech

US- A- 4, 039, 364 Raspussen), each tubular filmis coextruded, having a

layer wht@h "83R rﬁ'%@r@smwalyrrrq}yetbylene anérmlyp@omle@mgtdrfferem fypesani nat e

(her ei nafter sifcdRenodBh g rf er (hereinafter
"the first boondl ngo ﬁd'@d?ﬁge’( Oioe%%{l B%@nfrﬁgn%ﬁ%rﬁé of the filns,

whi ch at | eaitFOfpfairSBBwotkalee thebtape olbyxtpudaeg artabe,nehibiealy. thal dsawsqoRd, al

- layers are cQ exterior in the |annate.

ded h
These speci al' gfy%{ rgtie rﬁ%ﬁ'yéﬁéﬁtjwnﬁ'g %WF?"Q%E‘HF%%M%@%%PW@§ of the
| ami nate, espgsy ‘&ltH\ jts nfin AITBERDCSF dRMtatRAE (e bibd) a3 éd?r‘trﬁu&?él)‘?r technol ogy

the heli cal cuttlng t akes place in direct succession
15 laminating two or more such webs with their main drrectlons of orientation

criss-crossing. There can also be included in the laminate a film which is .-
oriented mainly in its Iengitudinal direction.

In the first commercialised technology based on these principles, the
extruded tubular film, which is melt-oriented mainly in its longitudinal

20  direction, is further cold stretched in this direction prior to the helical cutting.
In a later commercialised technology, disclosed e.g. in US-A-4,039,364
(Rasmussen), each tubular film is coextruded, having a layer which
contributes mainly to the tensile strength in the laminate (hereinafter “the
main layer”) and at _Ieast one surface layer (hereinafter “the first bonding

25 layer”) adapted to help in the bonding of the films, which at least partly takes
place by pressure and heat.

Also special layers are coextruded on the films, which become
exterior in the laminate. These special layers are adapted to modify the
surface properties of the laminate, especially for improved heat-sealing. In

30 this later technology the helical cutting takes place in direct succession to

the coextrusion without any cold stretching between, but in a separate



t he coextrusion w thout any cold stretching between, but in a separate 23
January 2007 3 production line. However, further stretching is carried out
when the filnms have been brought together in a sandw ch arrangenent,
bonded or not yet bonded to forma lam nate. The fil s ang Janaxtyaooy
stretched at a relatively I|ow tenperature. 5 The transverse conponent of
this biaxial stretching takes place betwyeen grooved rollers. In

US- A- 5, 028, 289 (Rasmussen) and US- A-5, 626, 944 (Rasnussen) this stretching

bet ween gr oovsdduetidrefire. NRBWRSEN flirtHer @ﬁéteﬂﬁi@%%@ﬁﬁbd o@sﬁﬁé%ﬁg Mﬁgys of

carrying out the heli cal cuttlng are disclosed in
(Rasnussen) . Mavedgan kiought tagethsstn @rsgndwmalarwngamem bandediangot gethni que,

rarely {he. LAt ANERE TR bl PR by o

est abl i shed U;awaemleaatume rotation between the exit and the die, and
subsequently the ttin arallel with the axis or be at an

angl e 15 Po the mal {ﬁ?&%’@[%l%ﬁoﬁ ongnt Shthis P@x'aIWethrrtgct@ggs eeven be

adj usted to piREESsYréovRroligrathi ch the main direction of the nelt
orientation wll becone perpendicular to the longitudinal direction of the
web. For the sake IBfUSénp02B288Rasmussan)|ahdelS-o\-b©S26¢944 ((Rmmllsbaﬁ) in very

early patents o disclosed th SSi tyt | ongi tudi nal |y
20 orient at ed P *Ferng?'hé b?h? érroog?éaojlﬁr%ﬁagggﬁr& '* ?G’peqoss | ami nat ed
and bonded in a FPreaﬁcallW‘ay@ d%@ﬁ'?lﬁ? dmhtrf:efhémaﬁeﬁthﬁﬁ'a)‘e discfosegi from that
descri bed abong_ cross-| am nates of _a very stif aracter are made for

use in splci A¥S-A-ARMERRAHssER)- ﬁméyat%\ﬁglsgtmemtlw gmaelternaliech i n
‘mol ten or pardndp {efin; esﬁ%‘n@ﬁﬁ&thbq 16 7 @hrPoe BRSEH iy BecOM®

oriented and cross-1amnate | rea by means of
count er - r ot atheligally exanding melbmﬂmaiatlon tvhide itypdravin pff mmeaméanﬂduc't S

O ose- 1 ant natdS, SRR el ibaien csbveeh ecerl e Mrdaeis. Fhey are
especial ly C@b&é@@éntmﬁe@attmg}hay be paralle! with the axis or may be at an angle
15  tothe main direction of orientation. The process may even be adjusted to
produce a web in which the main direction of the melt orientation will become
perpendicular to the longitudinal direction of the web.
For the sake of completeness it should also be mentioned that, in very
early patents, there is also disclosed the possibility that longitudinally
20  orientated polymer film material can be discontinuously cross-laminated énd
bonded in a press.

'\

In a process which is entirely different from that described above,
cross-laminates of a very stiff character are made for use in special,
adyanced produéts. They consist of polymers which in molten or part-molten

25  state are fluid crystals, and which become oriented and cross-taminated
already within the extrusion die by means of counter-rotating dieparts.
However, this type of process and product is not a subject of the present
invention.

Reverting to the other type of cross-laminates, which more

30  commodities or technical products, they are especially characterised by high
puncture strength and high tear propagation resistance. The heat-seal



puncture strength and high tear propagation resistance. The heat-seal 23
January 2007 4 strength in a shear-type seal is adequate when a suitable
| ower nmelting polymer has been chosen for the surface | ayers of the

| ami nate, while very special precautions nust be taken if3Jgangary 2007
shock-heat -seal strength is requested in peel-type heat-seals, as usually
needed for industrial bags 5 supplied wijh such heat-seals. These
precautions are disclosed in the inventor's patent publications

US- A- 5, 205, 65enbth NG Shedffltyise 34al id\adEBIMEth WHRR 2AABIL Fver! ﬁr\}éam nat es

can exhibit a particular high tear propagation resistance, however this is
under the corffilyn&rhastbeen gwsendon fhel suvape tryiens obthedarpirtate, Dukilet very he

unbal anced orj.ent af i j: L.ndi vidu fi nd e criss-crossing of
the main di reég??l})aﬂéﬂ.eggu#ﬂﬁ ’t*_g‘#‘g%téﬁﬁgﬂd@@%’#{%ﬁsﬁﬁfﬁqmt% endency to
propagat e t heetjgssted in pew-typk hestsexis, ascusuany Aeedéd famindustridiergst 0
propagate the tear in another direction. Thereby there will be a tendency

to elinm rat e RBIFHWHN sgchheaheealsc dhpemprasaetiens e disslesed irthe

concent r at ed.in@@iford pdtBholiSRARAR USSASHIdE SPad o Bepagyaced.  the tear

will "fork out” er a l'ocal delamnation, e notch effect"” of the
tearing wll al nogdés nenteinedi atmvedhe Bpyssdgminzdescan xhibigepariddular gieaki ng,
be "conpetition' b en the, adhesive forces ich try to w thstand

del ani nat | on,tgﬁrn%ﬂos%\%mﬁ@&{gﬁs\%’cﬁpEB\Q@Y?W tﬁ's_ééb'ﬁg\gri ﬁ%ﬁqm?gﬁw_nt ¥ to avoid a
rupture or flganerdligney VA SEENgeN Bhb &8 tHeSurifaldledRiHertatfn iWithd the main

direction of orientation. The said adhesive forces are (still generally
speaki ngd9 i ndegjudbak{timsrandibe chpsicrrsingsf thaeain dirgctiasi ofdhe t he sai d
cohesive for e | 0k | ' [ when all
ot her par anetcozrﬁgﬁéggrsg'nmé;hm%gﬁé{%é g&?gﬁégaigﬁgéb%@ tb%itémgg’%et Ition",
"thin" crossldiecten esd andtheefilnnedll fexkitbipropagaéd thel tear ipcamotheradiredtion.

propagation resistance or a relativel i gh tendency to del am nation. This
is nuch Iesﬁ@fe%&ﬁg?%wwrm 6?9"&4‘96?&%@1?'??&%@ onding Rt thedoeation For bags
this "conpetjidréfhe fordds AeUncENtaedCavs § ttﬂ%rﬁlfe?x%&:%fﬁ&i@ﬁﬁy filled bags

are usually not subjected to del am nating forces, which neans that a | ow
bondi ng %t r eMyPPPUISRAHEC deR M, “faslg out HindeRedesal delamipgtiomeeditaet for 30

tarpaulins, ogygh cFb&eLEHREafhgUWiRbiniPEESimindthgh W 11 be subjected to
Hereby there will, generally speaking, be “competition” between the

adhesive forces which try to withstand delamination, and the cohesive forces
in each film which try to avoid a rupture or flow along any direction which is

20  not parallel with the main direction of orientation. The said adhesive forces
are (still generally speaking) independent of the thickness of the films, while
the said cohesive forces are mainly proportional to the film thickness, when
all other parameters are unchanged. As a consequence of this

. “competition”, “thin” crosslaminates will either exhibit a relative poor tear

25  propagation resistance or a relatively high tendency to delamination. This is
much less of a problem for crosslaminates of “thick” layers. For bags this
“competition” will usually not cause any problems since filled bags are -
usually not subjected to delaminating forces, which means that a low
bonding strength can be chosen, but the matter is very important for

30  tarpaulins, cover sheets and similar products which will be subjected to

repeated flexing during use, e.g. will flap in the wind. As a matter of



repeated flexing during use, e.g. will flap in the wind. As a matter of 23
January 2007 5 practical experience the inventor and his |icensees have
found that in a tarpaulin made froma two-filmcrosslam nate based on
conbi nations of LLDPE- and HWWHDPE-types, each of the fi R8Janusly 20070f a
gauge of at |east 45-50 gm 2, otherw se either the bonding strength or the
tear s propagation resistance will be ungcceptable to the users. These
experiences concern tarpaulins for "static" uses where there will not occur

much fl appi ngpﬁaﬂtiéél%xpﬁﬁ%ceqﬁé ingBH? illfd'l‘l;iﬂffi@én@&h'\a@% feaN@thalYrea trucks or

goods waggons, where the tarpaulin w e subjected to a strong, repeated

f1 appi ng, thetageauwie made froed two-filie Arossigminate based enciombdinaticassft t he

Fear stance and Breade SN R b oD oGt 8 e ing Hitt o8 oRR dsiBR bl ed o ™"
the same ti neleasidd5-60anw?, atiidradde sither tie/bonding etresgtharithates of | ow gauge.
In connection with the solution _of the above nmentioned problem the 15

i nventor has @@ﬁ@g?'ﬂﬁﬂ Eafistangs will e unasseplebla @rﬁhaib@ebﬁ‘ap_ % of coextruding,
'n a practl Cé?e‘?%?ﬁce@@oﬁé rﬁYar?Euﬁﬁsr ?P?ﬂaf?@ ek WHr&hdrk Wi na‘wlcchp' S

construction I SO an objective o e present 1 nvention.

GB- A- 1, 095, 47&uoh flkppiol i thel @by, (Fossdgmaict osddesudh aocdver meestruckshor

i nventor suggested that th robl.em whi ch. has peen identified above, 20
can be_sot vedsayrastns, Wher ey STalin ik B8 SyBEER BT T or [ nes
and weakly wefisHondg, tthe Hatig eédiffedas eiudhitghigist of the contacting surfaces
(a strong bond/weak bond generally being better than a strong bond/ no

bond). TRi s enabl @8eohiectivepf the presend-inantionds treslye Hus PEARiRB, shthehe

weak- bond ar : 3\94 !Jc : OV ] | | t

strong- bond s@gﬁste E?S‘%{foﬁergs% OQ&%@%@Q%@&%%%@&%@Q%Q eenfpﬁ]guggests
heati ng, ultrecavobeachissbdiahthe sgmpe timetanolnina practcdl wayt eyen ief er abl y hot

- vapours) to dissolve surface layer, or using quickly polynrerizing

-a thi
monorer s act i ¢S '§”§T§8ﬁ8”‘1)mm%. For the weak welding the patent
'suggests (using DOIhy@nhébﬁmthégaﬁiimmb%oaé nighti®NaaprédlemotPrpl y a

gel of | ow nolecul ar weig i ) i o
15 inventor has constructed a circular coextrusion die capable of coextruding, in

a practical way, an array of strands on a tubular film, and this construction is
also an objective of the present invention.

In GB-A-1,095,479 of March 3, 1964 (assigned to Metal Containers)
the inventor suggested that the problem which has been identified above,

20  can be solved by strongly welding the films to each other in spots or lines
and weakly welding them together over the rest of the contacting surfaces (a
strong bond/weak bond generally being better than a strong bond/no bond).
This enables the tear to "fork-out” as described above in the weak-bond
areas, while an overall delamination is prevented by the strong-bond spots

25  orlines. '

For the strong welding, the patent suggests heating, ultrasonic
welding, application of a solvent (preferably hot vapours) to dissolve a thin
surface layer, or using quickly polymerizing monomers acting as strong
binders. For the weak welding the patent suggests (using polyethylene

30 crosslaminates as an example) to apply a gel of low molecular weight

polyethylene or paraffin wax, which has been dissolved e.g. in toluene or



pol yet hyl ene or paraffin wax, which has been dissolved e.g. in toluene or
23 January 2007 6 xylene by heating and has formed gel by cooling. A thin
| ayer of this gel including the solvent is selectively applied by printing
t echni que before the strong welding is carried out by bl @diJagumg@007s of
tol uene or xylene towards the film surfaces while they beconme united
between rollers. 5 Alternatively there I 3 added a m nor anopunt of a slip
agent to toluene or xylene, and this "contam nated" solvent is used in

Symarmannet, 4 by Redfil an%é\;&&ieﬁfng@gg%gog@tAsthtrgye%?ﬂq.egeFebruary

24, .1967 clal)ﬁ@ ates 0 ots"or lin
may be two arinalygliref thelsoﬂ\mtime‘remgea( amﬂleuaiytpemuhgmhmqudﬁlmefoﬁmeof t he

contact area is (quoting the in clai Qp cal I not bonded".
Three net hodsSENGUPINIGHE ‘@Ut'eci Wétr@oqq g ¥ og&ﬁ ”Pl &¥lefke di scl osed.
One consists i), ARRY g @rfaf‘c@ewhﬂm&%rﬂaé&%é)um&’bétwebh%m@gl red pattern.

Thi s appllcatlonls sai d take pla known nethods, but it is
not further eAjpéraatiesly tmerees:addedmmhmr amnlsmfs.tf@ $lip agenito M}-Ieﬂﬁeorsel ected
areas of a surface 15 on,_one of .t i 1 C [in

am nat | on_unbde anednRe cpteriatedcsaler s ERE MO0V lfing BHbeEr . Mg
point of the fil mrmmeﬁowleﬂtdemhf)cbuasﬁéﬂiswonmbﬂnary 24d¢s87 claes as bei ng
preferred, is carried out treating the selected areas of a filmsurface

with a cor onaC@esleninajes of f"mﬁ ARSEILY SPaisi afainesn(WilitteMayhedwarasrays ohn
Shovated temPRAMHRINERL: ddtrafyiTR hendsPRiAE Sofifect AR415 (qUdRERL 3! - | D

this case a rol connecte supplied with
t he desi ned paiatreclalm)\/ﬂprarhlcaﬂynudamdadt Tlpr&letmehh))dsof camiymg et teect ri cal
di scharge on

I g i.n_the a]ce termn g'in ttlns attern. The
Tt oning 11 nbudina i S GoyiBes ot A5Gt One PrERts Rarebitel” 1 T 1's
i ndi cated t hagadditodd-fd HRBér |hQﬁé'Hé@iﬁecﬁﬁatﬁrﬁe%ls)%p;ﬂ&dﬂéﬂﬁ it to Wi dt h i f
- the velocity s 0.5 mmn-'. In the -above-nmentioned | atter patent

US- A- 4, 039, 36ipkerdacriby we)l knawnyirstaeds, e & is Bolfoeher exdaingdsur f ace | ayer on
T o o co ooy BSHANR e RMAL BOrAAHE b bR anes acuppyr o b
di ff er entis anbnaneai tlﬁ)fnltmwblpamtoeiseaﬁollowm diy fléarsination lundat pressurefatt he
l'am nate. Thugn 'epeva?t(ecm)empefature below the melting point of the film material.

A third method, which is described as being preferred, is ‘carried out

by treating the selected areas of a film surface with é corona dischargé,

followed by lamination under pressure at an elevated terhperature under the
20 melting points of the film material. In this case a rollerformed electrode,

connected to earth, is supplied with the desired pattern (which may be a net-

pattern) so that the electrical discharge only takes place in the space

determined by this pattern. The matching film surface is corona treated over

its entire area. It is indicated that this treatment requires an effect of 20 W
25  cm width if the velocity is 0.5 m min™.

In the above-mentioned latter patent US-A-4,039,364 (Rasmussen) in

which there is coextruded a surface layer on each oriented film (“the first

bonding layer”) to enhance and control the bonding, a strong bond/weak

bond adhesion system is established by using different lamination
30 temperatures at the different Iocétions of the laminate. Thus in example 1,

by the use of coextrusion and helical cutting three films are made with



by the use of coextrusion and helical cutting three filnms are nade with 23
January 2007 7 different direction of nelt orientation and surface |ayers
of EVA to assist the lamnation (in the foregoing called "the first

| am nation layer"). There is established a weak bondi ng 28uha&y00% W th
transverse orientation, by taking a sandwich of the three differently
oriented filns seven tines through 5 a set of internmeshing grooved rollers.
The pitch of these rollers is 1.5 mm of which the width of the groove

amounts to 1. @ferandBfledtitd 4 HER oREntaNEN aﬁd rsQHé@é IayteFL%i*‘EVA‘Po Qsésffﬂ}s Bet ween
each passage through grooved rollers, the pleats fornmed in the f

sandwi ch are leminatignt(enite f@tﬁgm%@@@ds“theefmshrangn@ttcgplgyerékeTImraoe at 20C but

st|II produce cm 1 to,the

i e o AP B RBOR SR ST i G e

t oget her. Af tiakinghesareindch pateabase dffers?@ oribatedifllmsisevansiare thfdught hr ough
a simlar set of ogrrooved rollers with the same di nensi ons and

i nt er meshPng, 2Bt OHISITBESHIBI Pperyed R Ly herritcd qf shesegiofiges isiln2BIMbiofst r ong
bondi ng. Fi ng\%vhagp Ryl byl fodyb RHCHNAY Inin LRAhS BRIRGE e EP- A- 0 099

222 (Mercer orientation and <crosslamnation in a
spot - wel ded patm.@rr’itqom”dar05e'dnoBetwaeraeanm pamspgetiroaegh grooveairdllesyedi at el y

f ol | ow ircul ar di t t at i ts. Each of th
i epar t & pr odliEdted i TReie MR GRAN-B e Ahagh B 20 arranged so

that the two arramdsacs@re@ﬂﬁﬁg gtebertakéip@cé@t bre sAUEIIProdi& gdrhen, the nelt
orientation in and the a s on one of the ribbed filns becone

ri ght - hadfed %‘Pﬂﬂ"ﬂg)@elehétrgﬁgféﬂ%éf@n%dP%fQWﬁdﬁ?ﬂ@ate Wﬁéaqt\mtw%@n&\,@s of ribs
are brought t nﬁ%‘?\‘d E[mﬁgi V and
bondi ng takesfEﬂ @%I%?e?{n tree%shp;o whe eﬂﬁiep‘f tﬂ%s% Sﬂés[%aggééhf 25

ot her. The rlwadbemlmhsapamcbqym&mm $IMI|HBSStmegde\tHIBrrCﬁlelfS’WIIﬂ\ tech ot her
also in the final roduct or| ntagron w lss-cr orlentatlon
t akes place whiT® ?/%\”ttmeé E"f‘ Weépﬂi%@?r St\%t?‘

count er - r ot at fdhﬁe@ﬂﬁé§oﬁ§tﬁbﬁ@’bc§mﬂn% memmgnea@ﬁnH\éta% [orgitadhaty awdown when
the lamnate has |left the exit of the 30 die. There Is no subsequent

ori ent at A8n pPRUEeY carried out.
in EP-A-0 098 222 (Mercer et af) of 04/07/83, orientation and

crosslamination in a spot-welded pattern is carried out as a unitary process
in and immediately following a circular die with two counter rotating dieparts.
Each of these dieparts produces a film supplied with an érray of ribs,

20  arranged so that the two arrays face each other. Due to the counter-
rotation, the melt orientation in and the array of ribs on one of the ribbed
films become right-handed and for the other become left-handed. The two
arrays of ribs are brought to meet each other at or immediately after the die |
exit, and bonding takes place only in the spots where the ribs intersect each

25  other. The ribs keep the two spot-welded films spaced apart from each other
also in the final product.

Melt-orientation with criss-crossing orientation takes place while the
polymer material flows through the two counter-rotating parts and by the
blowing and longitudinal drawdown when the laminate has left the exit of the

30 die. There is no subsequent orientation process carried out.



23 January 2007 8 The process is not a coextrusion process. The filnms and
the ribs consist of the sane polyner nmaterial and cone fromthe sane
extruder. To the know edge of the inventor, none of the above nentioned
met hods of maki ng strong bond/ weak bond or strong bond/ no 28daduag®don 5
patters in crosslam nates has ever been used for conmercial production

al t hough the principal, great advantage @f such bondi ng systens in
crossl am nat es has been recogni sed for about 40 years. However, each of

the proposed et hotife Bys3 %! AOMScsbMRH ool 1R HRSs el ke  use of

organi ¢ solvents for yol efins, especially rn vapour forny are 10
connect ed wi t homgist] afithé samegolyumerapaterial gndepee sionetheesamenextyudes. used, not

| t b it i Lfficul t t idt f.th | t ot in i
the 1inal - product To i KiHphas br B olertof SBRRak NG AoaMB00TSY 1 ol owed by

| ani nation  upttiody GfaRakiey 8MEnd Bahd/Mebk %P@Wr%ﬂ@n@%bhﬁ[ﬁ% P dheSiohhe

polymer material, 15 is applicable only if the production capacity is very
low. | n cdmePeitels ipemasamisateshasrayss baan Haed forfcommersiabgraductises, such as

.g. t [ : , ' | l.oci t b bout 60
e o oAt RN R adafietBrifth BpRGRT AN He apove
mentioned i ntrmssi@minateathasbepnnecogrisiaiiopaboik 40 years0 Howsvar,'ea@R@f 150 cm
will require 20 900 k\/(\i pr!?%g of course is not practicallyvj?‘pssi ble. Nor is
treatment wit Fe RIRPBFHh@SHpds hayeseriqus diwkacks. Jhemeetheds whiciuaake al
production onyge bRs@RNISENehts TtPolRRerls, BENEISAIR, inFBBbLERHRAYafY | NTi Ng

techni que from a disﬂge_rm on or solution, requires a previous strong
surface flPeat AMectethwithhealthbagaends unkssuesy experisivepoighinenyl ie needymot

Phi ot o+ eREPERsk PPt & koE8: BTG ot BB aan e el ong -

bond/ no bond pradduet.n achi eved by different tenperatures will inevitably
Create differentia_bﬁshrinka e if the attern is a line or pattern
p

(including a net pat% BfapPse ﬁa"qrﬁ‘!tEF’WEQEinﬁBatwncfoﬂg‘yﬁﬁr%’dﬁm@alﬁ%k unti dy.
Differential ghddrprassurs andPRaRYE! S86withe WM 55t S3nd PN A al,

15 is applicable only if the production capacity is very low. In commercial
production of crosslaminates for commodity uses, such as e.g. tarpaulins
and cover sheets, the lamination velocity must be about 60 m min™ or more
and the width about 150 cm or more. Using the above mentioned
information about power consumption, the 60 m min' and 150 cm will require

20 900 kW, which of course is not practically possible. Nor is treatment with
chlorine in a pattern a process suited for industrial production on a large
scale.

~The use of binders, applied by printing technique from a dispersion or
solution, requires a previous strong surface treatment, when the polymer

25 material is polyethylene or polypropylene, normally a very strong treatment
by corona, and therefore this method is not economical either.

A strong bond/weak bond or strong bond/no bond pattern achieved by
different temperatures will inevitably create differential shrinkage if the
pattern is a line or pattern (including a net pattern), and this makes the

30 crosslaminate look untidy. Differential shrinkage can be avoided if the areas



9 of strong bonding are small dots, but in this case the product gets a
dotted appearance which nay be unpl easant. Furthernore the apparatus
needed for adequate heating in a spot pattern to a controlled tenperature
is relatively conplicated, when the 5 velocity is high, si28dantd 208m nat e
must maintain contact with hot spots on a heater over a | ong passage

w t hout any di splacenent of the lam nategtaking place in spite of its
tendency to shrinkage. In the unitary crosslanination process wth

count er - r ot atdfrgrofy &oatirg are snhall ddts a0t timehi® easy tHef prodew gits aldosggt h, a
drawback that filmform ng and 10 nol ecul ar orientation are so closel y

coupl ed t ogetdrpearafgeswhigh ray be Uﬂ?'?ﬁ%ﬁﬂty i npossible to tailor-nmake the
properties for dif 0, | found t hat
FfiRhoRYHROgR ol LERBLARY Suckligid HUARETH o133

a crossl am nate whi I'sS en exce bits a
relatively | q;vattysnetcda;montnbllmwmegatutemdelatwelycconmleated whendheé ect i on
bet ween the main dlrﬁ{gtl-‘ons J_I% rientation in the two 15 lam nated fil ns.

The ai m of t HEIPFYdS YRt migateymystdpaigtain rontast Wi HoLsRPts 8Nl i f i ed
strong bond/ wesfel®if aSIBRg %@sﬁ?e WiSoLR 2P id AR RS it I Yhe BfniRbte tﬁkﬁﬁé usi on

~and/or provide it with inproved interesting aesthetic effects, simlar
co- ext rusi on.plaee mlﬁemfewtteodemyrto@hnsk@ge:rossl am nat e conprising nutually

peing. cooxt ruded 't gty eimiRion fdtRs SRR iasapliBe M it Ty

oriented, whierfedmy thdﬂﬁomﬁbﬁwéu\/rcﬁ@rengtmé drawbadkethiaofilm fbrrﬁlri‘gr &%pes the main
direction of orientation in B and each contains a. |ayer consisting of a

pol ymer A&t erMalpcylgr odgniatiog @re s¢ CWSQW qosrlad tegstheendhis malkasdt vigaby t he
mai n | aver) 3fhog8ipRABasRnaKE aaéeﬁroganae&,%oﬁa.g Srotfphifbdsag C Fukgmiseahbour

filmA or B at least a first surface |ayer sur acelaer on
each of the fthemwent@rdeEfouedéhat@@O@Siaﬂnmm'whiWerenbmiysuebmm@dof an array

modi Ty the. praSaPtPaBorh SXETSG TR Ok R B ce sl BrveRer B s
nodi fi cati on ceqe &y adirectidrebeteenand imein dirégtiopiofdeienttioh ietHetionat e or the
bondi ng bet \Aﬁammatgc?glmBs 23 January 2007
The aim of the present invention is to pravide an impraved and
simplified strong bond/weak bond system for the cross-laminate by use of
extrusion and/or provide it with improved interesting aesthetic effects, by
similar co-extrusion.
20 The invention concerns a crosslaminate comprising mutually bonded
polymer films of which at least two neighbour films A and B each béing
coextruded films are uniaxially oriented or unbalanced biaxially oriented,
whereby the main direction gf orientation in A crosses the main direction of
orientation in B and each contains a layer consisting of a polymer material
25 ‘selected for high tensile strength (h‘éreinafter the main layer) and on each
main layer on its side which faces the neighbour film A or B at least a first
surface layer. Said first surface layer on each of the films A and B is a
discontinuous layer consisting. of an array of coextruded thin strands
consisting of @ material which is selected to modify the propertiés in the
30  surface of the respective film. This modification concerns either the optical

appearance of the laminate or the bonding between A and B.



10 Accordingly, in the nethod of manufacturing the crosslam nate of the

I nvention, which |am nate conprises the above nentioned filnms A and B (but
there can also be further films in the lamnate), A and B are each
coextruded in a flat or circular coextrusion die, and ea3 Jaauwr 2083 a
main |ayer of a 5 polynmer material which is selected for high tensile
strength and the above nentioned first rface | ayer nade froma different
material. A and B are each supplied with a uniaxial or unbal anced bi axi al

mol ecul ar orient at Aé’ébréfnglygnw(iﬁgﬁgﬁw gfcg?qaﬁu?&thﬁhq]i@cﬂgsléﬁﬁw%é bf fpleent

materials in the coextru ore t am nati on rror to the
| ami nation A @ven®ravedich tamigete comprisesubd abovamentianed filnsiandd (bam:t i on of

ientati L A wll he .. d t f t at
Gur g the | agRaERRAISEHES Bt ABS B A B a8 path PaRbeRY eoast
in part throughg Raedr cirbifardoRkeaGsieh did, 28d éa%ﬁtdéh‘ﬁ)rfébs%hﬁalﬁqéli&%f'as that in

the coextrusion each of the said first surface ¥ers s mad

di scont i nous PPlEF maierdalovhich ifosslested fienhigh tﬁryslle@ rtsngthlandﬂheeanowen of
t th
orray of sty alenoheRit sBact [y MadBBE Hrdte rliehlf AFUREC, & e

met hod i s furthen sepmicaoliet & seihxial of babakheedrbiakial molédumdptdméndnm strands
are extruded is selected to. modify the properties in the surface of the

respective fi PRY StRGPaftesdie iolning Shthesdifieient materials in the caskireslen dispear ance
20 of the | an;Rabeidpé tﬁ@ﬁanmﬁa%rngph&ttmﬁ@ la%lﬁﬂﬁ'o#A a;j#bea%?@sﬁén d inhe

I nvention which concerns the bondi ng properties I s at 1 nproved tear
pr opagat il®n r e¢hsa aaydhat @efmalnmlechMDhmmﬁaMm A’asvni;cmsewé magi ai m 2,

ol ai m 24, The BAIERO R o, ARG IEY laninakioh e RS BafRBRS” "

decorative aeatémtBis@stabmw atlléasftwrﬁ bbﬂlthr@bglﬁmberm@dhar@z&te?%mbed in claim
3. Preferabl e _dinensions of the product are-stated in clains 4 to 7. As-a

comment on t hieatgedr thy methes @stf‘?h@ tae eeediusien eagheefithe said first syytace
experience of |4aes jsHsdy Qﬁlécl?aﬁhnﬁ l%ﬂ%\‘ ‘8H| oﬁ\’éﬁ&eﬂ@lﬂb thé" be 30

achi eved by use of crosslam nated om a commerclal point of
view i s &ff seﬂ'rwloﬁéﬁ@tﬂmém@&@?%ﬂm&oﬂa!‘tj@fé%ﬂfcSjral’)ﬁ@ and éxtaedamination

agricultural g3 JAnNa #r¥on A are arranged to cross the array of strands on B.
The mefhod is further characterised in that the material from which
the strands are extruded is selected to modify the properties in the surface of
the respective film. This modification concerns either the optical appearance
20  of the laminate or the bonding between A and B.
The aspect of the invention which concerns the bonding properties
_ and aims at improved tear propagation resistance, is further characterised
as stated in claim 2, while further characterisation of the method for this
purpose appears from claim 24. The aspect which concerns the optical
25  appearance and has decorative aesthetic purposes, is further characterised
as stated in claim 3.
Preferable dimensions of the product are stated in claims 4 to 7.
As a comment on the need for interesting decorative effects, it is the
experience of the inventor that the raw material saving which can be
30 achieved by use of crosslaminated film, often from a commercial point of

view is offset by negative subjective judgements. As an example agricultural



11 tarpaulin (e.g. for protection for crops) made froma 70 g M2

crosslam nate of oriented polyethylene filns would be a fully adequate
substitute of a 100 g m2 tarpaulin made from extrusi on-coated woven tape,
if only objective criteria were applied. 5 However, in aQBJahuigQ007 he
average custoner to agricultural tarpaulins nakes his choice to a great
extent on the basis of the handle and the; appearance, and will reject the
70 g M2 tarpaulin due to its flinsiness and its appearance as a sinple

plastic film 4. | \OFEx| ' Ve AR | of: t he
i nventor's eaﬁaﬁlbglflwif (né\?éeﬁtgi’ g‘fr(\)t%(g?g? ngﬁils’nﬁﬂ%si% ﬁﬁgggl%glzg,rb%mcﬁgﬁ&ef ly is
expl ai ned bel otientedqalyatibylensfils wooldeeod fullyeadegpatel salbstitttedf #800g of t he

present inventi. | h robl em of  appearapce gs si.nple plastic
filmis still %ﬂ?&?a\gﬂ'ﬁ’ﬁﬁée [ ’&&?@Pslqn"?qéte‘ggff’v%@/ & ﬁé’(‘ﬁt %ggta&et ern of
Cri ss-crossi ngritstinayste a:plpnédne present invention wll convey the nessage

that this is a crosslamnate and therefore of special 15 strength. In this
connectiof it can bHews¥eningctugfagkibe average ¢ustemen toragricultesat taypadinsot

b urr ed e i ngarroherfie oLl Menfofithe ks S ikarde T of 't ne

coextrusi on t eppearguee, aftomt rejeat thield § mfetarmiie dueasitsfBméinkss BRaUE act ur e
and not froma later printi n&egé]gone or ies. Al in all the pattern

. : | . .
20 i ndi cates PREFPAFSEF& M Pt %ﬁ@&%%ﬁ'ﬂﬁ@@&ds FRdusRfect ed to
be strong. FpybpglicalioR dfiite PREARI'S aiidr imerﬁBHrd%@c#&?edlma\fvfo%REEd by

abrasion, whereas a pattern printed on the lamnate I's very susceptible to
such actiPons93192§; ydigh lrriivtis expleinadeelew i3 sornectian edthf onenofthech i s

manuf act ur ed : A: hed transversel y passage
bet ween one of %&@%@@8@;@3@5@@} k‘&géﬁ’%me?@? Pé‘?stg,e%ége, f or

i nstance, theapfarancerastisimple pEstRs Mdi4 388 oulskaftiivle sEpiBesH it ke exi sting
techni que in conn%&f_‘i on w th crosstam nated filns. This transverse
stretchi ng prpREvedhayt eﬁahé%"fg‘?r{?é'qrﬂ@"'@ﬁ sisandeninihe eresambinyention ess
striated appeliaisiedul mdsstheiat 48 iCQEINERMIMNE ' Rofflb i ROBALNY
t hi ckness variations in the ['amnate. A fine pattern oF Vari AtToRE even as
smal | as1¥/ - sSPERBmisthieegnnecipnitcamhe seerykmiherysep 06 the pattern

clearly is not printed on the surface of the laminate but is inside it. The
slightly blurred delineation of the pattern, which is an inherent result of the
coextrusion technique, shows that the lines come from the film manufacture
and not from a later printing on one or more plies. All in all the pattern

20 indicates that this is a crosslaminate and therefore can be expected to be
strong. Furthermore the pattern will of course be unaffected by abrasion,
whereas a pattern printed on the laminate is very susceptible to such
actions. _

A large proportion of the crosslaminated film which is manufactured

25  worldwide, has been stretched transversely by passage between one or
more sets of intermeshing grooved rollers, see, for instance, the above
mentioned WO-A-9314928 which describes the existing technique in
connection with crosslaminated films. This transverse stretching process will
always give the crosslaminate a more or less striated appearance due to

30  surface corrugations with corresponding thickness variations in the laminate.

A fine pattern of variations even as small as +/-5% becomes very visible due



12 to reflections of light. The inventor has now surprisingly found that
the conbination of this striated pattern with col oured strands inside the
| am nate produces a pronounced three-dinmensional effect. Besides being an
interesting effect which can attract curiosity it also nmakegJahlsry@e9%2rver
feel 5 that the lamnate is nuch thicker than it really is, and thereby it
counteracts the negative subjective |j u??ement that this is sinple plastic
film This special three-dinensional effect is further dealt with bel ow.

ot 1o LS oext R PLMRPROEP R, AR iorh, A SR SErs R cBhamatiRe! | o v i h

conti nuous surtrace layer erein er t . I'ayer) which 10
for the purpesmbidationeofdeisstridtes patterperith caloutee stiapdsinsidel thel lamématen t op of

the array of strands or under the latter. For th urpose of the bonding
aspect the s&W%&B’i"rﬁ‘&“F%%W?%‘qurlﬁﬂGﬁeﬁtneqeﬁséd H9 80er under the

array of strandssstingreBYwhizf o%ﬁfrm?erf]étfchﬂasia{nhise MY We kPaghBafdetyer is

different fromthe Conposition of the main’l ayer and of the first bonding
15 | ayer .5 Furthéitehe faminateispougiothickef thandt teatiyliis @ndspersbytiteounteraels bondi ng

| ayer is selected to produce. .duri he .L.anl nat i [N | so at
| ocati ons mﬁﬁ%ﬁeg?tévegi@é?cgwgfjuw t&'ﬁi t%'%ﬁ%?%'?ﬁ?@ﬁ?%ﬁ@v?n% a | owner
strengt h t hargpkbl tHeadimendiondlkefesis figrtherraneiitroselawcor ding to the
present invention and the product made 20 by this nethod do not suffer

fromany of the difiRecRRMIUSIORArecRSS, AT B Propiaienebly 3180 §epR)iedyit ed for
i al 1 | h
commer cial Mg 2ELiRudls SAEERIHYGY ghrgg@ggei fhe Qoh BofidfioTarkh) WARH!

hazards i nvol ved: he extra cos am nati on an even
bondi ng md | deetheipurpesg ofthkldecomtive aspect, candie eaextrudgd &itbler emiopaafi ng are

i n essence separate process steps,so that 25 each can ti,msed for the
desired end 38%?"?%59? éﬁﬁﬁ‘i’? ahprdgAng Wéter.pf ghte PyiRgsF ﬂﬁtﬁegﬁppg}g fromthe
effect of di ffpeeitheadecehd bbkaag I8fer s EdxtiRded 2PIAS MAdIA &y DEd&ORBON| Yy used
machi nery for -manufacture of crosslam nates can be used h onl

i nexpensi ve @ltaofatands, whereby thy caBRoGities Pitelsererd baadi\ém_atéawer t'b'a‘eyexpl ai ned
advant age 1 5 Ifeht o heRefpobiin BPRE B4R ofny 1 ooRBRG P01 o, but
t hr ee el srentigyer2 F uithen fanyth@ Poipose of the bonding aspect the second bonding
layer is selected to produce, during the lamination, bonding also at locations
which are devoid of any first bonding layer, having a lower strength than the
bonding in the spots.
The method according to the present invention and the product made
20 by this method do not suffer from any of the draw—backé mentioned above.
The method is very suited for commercial manufacture of commodity
products, as there are no health hazards involved; the extra costs compared
to the lamination with an even bonding all over is negligible; extrusion,
stretching and laminating are in essence separate process steps so that
25  each can be optimised for the desired end use; the appearance of the
product need not suffer from the effect of differential shrinkage or a dotted
appearance; and commonly used machinery for manufacture of
crosslaminates can be used with only inexpensive additions to existing
coextrusion lines, as shall be explained below.
30 For optimisation of the bonding pattern, a very important advantage is

that the pattern of lamination can comprise not only two, but three elements,



13 provided the coextrusion apparatus conprises the nmeans for extruding the
nment i oned second bondi ng | ayer. The coextrusion apparatus with said neans
may not al ways be used to extrude this |ayer. These three elenents in the
pattern of |am nation are: 5 a) each spot where two stran@s Jahuary 2007
first-bonding |layers intersect each other, b) each area in which both
contacting surface parts are devoid of gny first bonding |ayer, and c) the
areas in which there is first bonding | ayer on one of the two 10

contactin
Corrponelntg Z;Jbgnﬁ )tﬁth:og UAl&?taPE? e ngbﬁyﬁsttggnﬁé%sqgggxt{%{ Se bondi ng
strength of cowpbored seeind dyndimgllaypr. The tmmmlsio;\ dppardiusfvithesdid uses, but

usi ng the sane machi ne t hi s, bondi S m can be very hel pful for
tailoring the”]&FBﬁB}%YH@% aysRe H?%%qu%?ﬁ‘i“ﬁ E'S I9¥eThus, as an exanpl e,

there are certain TisseamtédiclehichtsFRRe\WARBM oM 8miriscrahoul d be br ought
down as nuch as possible for cost reasons, but where tear propagation

strength &nd ultingte tQﬂ%‘lSP@t%FE@QYmStéﬁr@Scﬁfﬂpﬂlbmdwg lapersrintengsst and
yield tension and aest hbeédc grre of relatively low inportance, but where
the resistance to del am natlon must be very high due 20 to flapping in the

wind. In that caseb) stéamhgarbandwrnibhhmﬂdcmbbmﬁg\smﬁacé?p&i§é®3d®olcﬁ6ﬂ t he
coextrusion of a second bo &?mjlg& is omtted. The main conponent may
be applied not only frdt¥ r§t {@¥gti@ndand through its own channel

system but also f jom t i ch

ot herwi se is used (gor ttﬂg fﬁ%ﬂ%gﬁgﬁngq%ggoﬁlﬁ%qﬁwgﬁ ones%‘éngm/c‘/m

establ i si®d as a st rong:mmmllnlgsurﬁacehen@potﬁsst(tm)'udwlgelagetttbrnatlfﬂatcntamdene

I ntersect each ot n her. _cases there can be a.peed to establish a

strong bondi ng nohe&aﬁme'%% "’Sﬁ]@% ng?%ettli‘q)fom NP M he areas (c), while

there shoul d be S%@ad@ﬂﬂ@ﬂh@bdﬁﬂﬁn@stﬁ&r@ﬂp@f@@ﬁﬂ;%éﬂﬂgl& bz?rygl,urtg In the areas
o]

(by. 30 This can al so be _achi eved by a suitabl e choice -materials
for the first ﬂﬁfﬁ%’éé@n@fﬁBEﬁMMﬁ@s|wéﬁ@g(th%smpgn@%ty@ertyh@l%%ram bond| ng 23

January 2007 gystem can be very helpful for tailoring the properties of the crosslaminate.

15 Thus, as an example, there are certain tarpaulin-like uses where the
| gauge should be brought down as much as possible for cost reasons, but -

where tear propagation strength and ultimate tensile strength are of primary
importance, and yield tension and aesthetics are of relatively low
importance, but where the resistance to delamination must be very high due

20  toflapping in the wind. In that case a strong bond/no bond pattern is
preferable, and the coextrusion of a second bonding layer is omitted. The
main component may be applied not only from its own extruder and through
its own channel system, but also from the extruder and through the channel
system which otherwise is used for the second bonding layer. The bonding

25 is established as a strong welding in the spots (a) where the strands
intersect each other.

In other cases there can be a need to establish a strong bonding not
only in the spots (a) but also in the areas (c), while there should be some
bonding, but a pronouncedly weak bonding in the areas (b).

30 This can also be achieved by a suitable choice of polymer materials

for the first and second bonding layers (in this case the second bonding



14 |l ayer nust of course be applied). The conbination of strong bonding in a
net pattern, and sonme but weak bonding over the rest of the area produces a
very interesting pattern of |am nation, usually better than strong

spot-wel ding conbined with weak bonding over the rest. | nR3tlaauansi007
mentioned case, an 5 accidentally started delam nation wll generally
propagate over a wde area if the crosgham nate is repeatedly flexed, e.g.
when it is flapping in'the wind. The filnms will still be held together

where they arlayemmustefiodacse baibppileel)r Thk coMHlﬁatiléﬁCd?@?roHQ%ﬁgﬁg ifad thereby
| oose the aest hetlcs and to sonme extent the yield strengt d creep

resi stance. 1tPtPRt EUhﬁngsstedb‘%é’!éﬁ‘@wlmggoerth%mﬁiaﬁﬂlg/aaarpmgummh ng in

net pattern, oAy ent al nat i on

" suoh a marh e RStng Bafeir MR Bh AR el AER PR Zpa bRl o1

appl i cati ons dombimexd with weakbesdingotsria rest. irsthel last(rﬂéanrre@irtﬁas\éBéﬁl ng; (b)
but stronger than (b). Preferably

k bondj k .bondi
\gggh 019 nt e t% qdqnlﬁfysia ?ﬂjg\%%m{g’ﬂ‘l‘??ﬁl%ﬂﬁr%%%ﬁ)ﬁg%? ovgha jdergieart or

pol ypr opyl enehe @rdssidrhinafEss Repeately GRRe@W 8Ny I\&hqof HDPE or
LLDPE or a blend of the two, rJt)he sgcond bog di ng ﬁggrpaﬁ%ﬁﬂ%ﬁdeLDPE but .

with adni xt ur@%ﬁlmw%%be@e&mmmmfremewarers@ot-mmmbat tmelreétng poi nt

or a neltin t teryv 50- C, while the
ot ands. i i Beote HbBnbclf ahd BRIERY IcBelsf BEHrtsoand f 7irse $681 1 1 ng
point or a rrﬁhdqui;d stenggth wntloreep Residtemgeer ature interval 50 25 100 C or a

bl end of such copi éme and LIéPPE cont ai ni ng at | east 25%of the said
copol ymet® The di 3t 5RCES BMWERK #QNEindsUioganed by strengieadinggeinghds i n each

array’ shoul heferdTali hobe BROWEST, GrobilaPaceieidailaiont Bugper than

4 cm and more preferably no hi gher bondi ngth in
the spots (a)@@3M&asured by peeling (carried out on narrow specinens at a

velocity of about yb, ine5'ifldn FRPHL thdtAioRBY tNatdSerd hiodauay gpp%lcatlons in
which the best combination is:

15 (a) - strong welding;

(b)  weak bonding; and

(c)  also weak bonding, but stronger than (b).

Preferably each of the two films A and B should maihly consist of
polyethylene or polypropylene, e.g. the main Iayef can advantageously

20  consist of HDPE or LLDPE or a blend of the two, the second bonding layer
mainly of LLDPE but with admixture of 5-25% of a copolymer of ethylene
having a melting point or a melting range within the temperature interval 50-
80 °C, while the strands mainly can consist of a copolymer of ethylene
having a melting point or a melting range within the temperature interval 50-

25 100 °C or a blend of such copolymer and LLDPE containing at least 25% of
the said copolymer.

The distance from middle to middle of neighbour strands in each array
should normally be between 2 mm and 8 cm, preferably no higher than 4 cm,
and more preferably no higher than 2 cm.

30 The bonding strength in the spots (a) as measured by peeling (carried

out on narrow specimens at a velocity of about 1 mm s!) should normally be



15 at least 40 g cm' and the bonding strength in areas (b) sinmlarly
determ ned at the highest 75% but preferably no nore than 50% of the
bonding strength in (a). Unlike the crosslam nate nade with
counter-rotating dieparts and 5 conprising criss-crossin@3danaysy 2007ri bs,
menti oned above in the prior art description, the increase in thickness in
each of the films A and B at the |ocatigis where the strands are
coextruded, should normally anmobunt to at the highest 30% seen relative to

the imedi at easleabO4didng! bAg Hd K8IRin Qtrr&gﬁﬁfi’r%béa%t ?Eﬁm‘é!r@'g%?érrrﬁrﬁ’e@ and

still nore preferably no nore than 1 The coext fusi on one or both
films A and Balhedrighest1§%, ki preferabtuno moye tamS0%fof she bomdingistrengtit r usi on
die; to form )dravv-dovvnatubular film The drawdown is adapted to

produce a signiffcant uniaxial or unbalanced biaxial nelt-orientation with

the main directi 0nUnﬁkeDmem‘rbeslamma@élmabbamtrﬂttdt.ﬁﬁéﬂ-l@htﬁfg di8gardd Ry of
strands along the longitudinal direction of the film is Aternatively, the

orientatién aﬁ?f"?ﬂ%'nalcf'éﬁ‘tcmﬁ?'r& afgys %fr'"!b&y"@é‘ﬁobéd raee indhegxioead helical |y
al ong the t ubybgdriptibhMHYinERass er{fhhcﬁ(nFE% b%tﬂ'lrﬂg i pegthd he exit of

the die and the anstotake up t ru5|on
Subsequent | y tocatiens whees thetstrapds amdmxtmdednghcmluootmallyrmhdauntdbraect i on of

i ent at i ] f, t The . di st f ddl
2o midal e of - iabTadk sER0LTHNS truhg iPinedlate SR TARe fadlprshoul |
normal |y be apreférably ahaéth@he@ﬂzo%raﬁdeétmhhurer&eféwem{o ﬁnbmﬂén%w“d nor €

preferably no higher than 2 cm and the circunference of e tube at this
exit shodPd normal THe seeﬁfuql@"a@ftormprcbﬁthrﬂimasé\amsa lwmmbl}'mrm@bpm of the

i nvention to He'éﬂ@g?%t&?rch drBeftn¥ich 4 St%rﬁwoéﬂaﬁgrg&vaﬁ% gg%qﬂrcfrloss web

the filns und use a ho press, prerer
col d-stretchi iige dfavibaibivn |§Iaelaphedste Ipamﬂumtaasnghlﬂbbm ma;aalrm uribafstice@n i s not

more layer L. At feeatienigianvit s e AEesn of Ge BloRayl S i se Cwo.
pairs of arrayiréqiepest the by 39 sfarfdialBng W%bﬁbbl}‘lal ArddiBn R GRGRITENT A B- A

or B-A-Bin which the m ddle 23 January
15 Alternatively, the orientation and the dlrectlon of the array can be made to

extend helically along the tubular film by means of a relative rotation
between the exit of the die and the means to take up the film after the
extrusion. Subsequently the film is out open under an angle to the main
direction of orientation and to the direction of the array.

20 The distance from middle to middie of neighbour étrands at the exit
from the extruder should normally be at the highest 8 cm, preferably no
higher than 4 cm and more preferably no higher than 2 cm, and the
circumference of the tube at this exit should normally be at least 20 cm.

It is also within the scope of the invention to extrude both films A and

25 B from a flat die and cross-web the films under use of a hot press, preferably
after longi_tudinal cold-stretching of both.

The crosslaminate of the present invention is not necessarily limited
to the two films A and B, but can comprise three or more layers. Thus as an
advantageous construction, it may comprise two pairs of array-bonded films

30 Aand B, especially in the arrangement A-B-A or B-A-B in which the middle



filmhas on both of its surfaces an array of strands, i.e. a first bonding
| ayer and preferably also a second bonding |ayer. In another suitable
arrangenent conprising nore than two filnms A and B there is additionally
applied at |least one nore filmin the lamnation. 5 Said 28iJamiary 20030
produced by coextrusion and is thereby provided with a surface |layer of a
conposition adapted to control its bondi;pg in the lamnate. This
conposition and the | am nation conditions are chosen such that the

strength of thi ondi ' | | SNSEAi n A and
B at the loc@hﬁbﬁsﬁﬂh:&@hé@trsg l%%\%ls %n%ﬂa&%z S@%Q%’?%dégﬁst raﬁﬁg@ "ai?ﬁrﬁs a 3.0
del am nati on @fd preferatlyi dlsoaaecbnd bondingdayerer act ed. The surfaces of the

| ami nate shoul d preferably each consist of a layer adapted Lo ipprove the
heat - seal i ng pr opdP@@ e(gfsuftggle@(ifﬁr}ggp@ngﬁgpgpsﬁg mqr@ge%“ f"f%ﬁlm% ti onal
properties. I I : [ Ty i i - filnms in
Phe | am nat e. LB e e A e R e, and B
whi ch maysbe Seaidiféiisablsorprodbegdipy eoexbiugionandisiteenchy ipoevidehwith@ not be

limted to that . achieved in connecti Lt Lext I ON...Jher: y be
carri od out aSASEIRGT o srioaRiTar eted s Forfel e B iRt ane Bffifi”
cutting. Alterhigtcorploygition arrithelleriation tonditiens ateehosey suehtiatither ori ent ed
by stretching in the 20 |ongitudinal and/or in the transverse direction

fol | owi ng t hestangihgbiinbording ihBioher thgnithe ROBARE AIERTIIPCIVERD AANLR.  Thi s
mytake pl acg AL iGtarbhE Wid arRid'er BE BRIHLARIAAR. Aigngerent to a

| am nate. Suc eps are not new in ensel ves, see e.g. the above
ment i onedo WOodélag@istionsf theaddiionglrfdmiisleoydetscted.ar advant ages in

connection with the _present invention. Jn the |am patian oce t he
strands in A can b %?Wé%ﬁsfe%gfé%*aé@nf% S?\OH@ %ﬁe?%{ﬁa qéﬁﬂéfonﬁﬁf SRR at i ve y
the | am nati opd#ted &sfnpsrae fite R¥At463iAG prdpdmiewnd thB IRt Ynd/be bonding is
establ i shed by means of a separat el extruded | ayer. 23 January 2007 17

‘Normal |y the Hcregpedts fﬂﬁtﬁ%ﬂﬂ!@f‘éﬂﬁrﬁﬁ%hswh leparsrareaoetrager 8 adIMY  occupy
no rore than 1oo4 - PLalfhithd th Ak 1hmdil ghest 10% and nore

15 Normally the molecular orientation in each film A and B, which may be
uniaxial or unbalanced biaxial orientation, should not be limited to that
achieved in connection with the extrusion. There may be carried out a
further longitudinal stretching prior to the helical cutting. Alternatively or
supplementary, the films may be further oriented by stretching in the

20 longitudinal and/or in the transverse direction following the arrangement of
the films in a sandwich for lamination. This may take place after the heat-
bonding of said sandwich arrangement to a laminate.

Such steps are not new in themselves, see e.g. the above mentioned
WO-A-9314928, but can provide particular advantages in connection with

25  the present invention.

In the lamination process the strands in A can be d_irecﬂy sealed to
the strands in B, but alternatively the lamination process can be extrusion
lamination whereby the bonding is established by means of a separately

extruded layer.



preferably at the highest 5% of the volune of the respective filmA or B.
Except for the situation that there is coextruded a second (continuous) 5
surface |l ayer on top of the strand forned first surface layer, it wll
always for the sake of easy or inproved |anm nation, be ad3adahag§@e97tO0
select the conposition of the strand material so that the strands,
general ly speaking, nelt at a tenperat Le at which the main layer still is
mai nly solid. Thus, the average nelting poi nt of the polymers which

constitute the strand-fornmed 10 first surface d rial ly be at
| east about 10C, %P@I‘%ﬁﬁaféﬁ’y ?ffe%{@ndsa %s&lgéﬁgﬁm %,%%;H%rs Q&élrggbl y at
| east about 2QeubpweimdrBanart 5% pesfeedly atthtinighegpi0%, ahditigepol yners whi ch
constitute the main layer. In this connection, the "average' shoul d of

course be undeeferaiy ahthe highest &% gbthenalvwgeiohihe reseective flieA 8F Bnt wei ght s

of the constituent | o t Qi r X
havi ng nel ti ng poi%ceg%éﬁgn%m%g%rg% tg@%’%ﬂg?"%ﬂﬂ?ﬁa n%gér%cﬁﬁﬁgﬁtgg{aﬁltg ’TSOC,
its aver age msirfacedaysvionttopvof thebetraritbformea Bifét sudcexiaypoit-will aBvaysoiort he
aspect of the invention the purpose of which is to provjde a

st r ongbond/ weBR (58K8 5 §a¥ePh! r?‘gﬁqslﬁéﬁ'ri‘%ﬁn’ ﬁﬁ@de’ﬂ'étﬁsgefusabs%ﬁ'?%‘ﬁﬁ‘% 20

conbi nati on Oéorﬁﬁo%ﬁtf&fanﬁggﬁéﬁ@n{aeéﬂiaatsegﬁst tﬂ@%tréﬁéé,%e@%ﬁeﬂlyt%eféﬁingm nati on,

a further advant'ageous enbodi nment should be nentioned. In'this enbodi nent
t he weak bondnelyat ateroperatire apahicipibetiaaindayer still iremaily selih TiIo®E& ng, is

est abl i shed b an I | 1L oR: | ’ | ayer of
a polyner ty veﬁg%é}gﬁngzb@r&# Eﬁ%ﬁgﬁwek% Wrﬂlbdwﬁn%ﬁt@%ﬁ%n%raay%hﬁg&r eferred
to as anyadhefspsurficd layerastibude kbrpalioes bt leSsicdbouti dDIC, qrefesalaly atteasky

pol yner, e.g. polyisobutylene, norpally of re ively | ow nol ecul ar
wei ght, whi crekis G 3 g@yﬁq3@@ii@§t PSOF@%@?W‘&%@@” € 3MS'E&J8npl e of

another suit ahe@nBUNMIRS iebolifiehs RHICARRASA A hemaRlafdropy| ene can be

menti oned. The I'tion shou course not be so high t-hat
30 the seal i ng betindeis cohnactione tred' ayaraget shpuldef caugetheeurdarstaad @sr ned

other aspect hPUoBBRUPHLNS Aecdi R gHe or e SRR IREE I Ge e
| ani nat e1shouthe dteandslconsistbfds of polymer X having melting point 125°C and 80% -
of polymer Y having meiting point 90°C, its average melting point will be 125
X 20% - 90 x 80% = 97°C.
For the aspect of the invention the purpose of which is to provide a
strongbond/weakbond system of lamination, and thereby a suitable
20 combination of tear-propagation-resistance and resistance to delamination,
| a further advantageous embodiment should be mentioned. In this
embodiment the weak bonding, which here perhaps better can be called a
blocking, is established by means of a polymer addition in the second '
surface layer of a polymer type as used as addition in cling film. This may
25  be referred to as an adhesion aid or a blocking agent. Such addition is a
sticky polymer, e.g. polyisobutylene, normally of a relatively low molecular
weight, which shows a tendency to migrate to the surface. As an example of
another suitable polymer for this purpose atactic polypropylene can be
mentioned. The level of this addition should of course not be so high that
30 the sealing between this second surface layer and the strand-formed first

surface layer is ruined.



fromone or both sides of the |am nate. As has al ready been nentioned,
there appears an interesting, advantageous and surprising three s

di rensi onal optical effect when the surface of the |am nate through which
the strands are observed is enbossed in a striated pattern3 JanGeyR007 e
enbossnent specifically for this purpose is not normally necessary, but can
be a result of the transverse stretchi nggbet ween grooved rollers which
today is widely used in the manufacture of crosslamnated film see e.g.

WO-A 10 9314928 anglirkifgbhdif idha bt drasspass@nith cbhcér%sﬁﬁééﬁﬁ%aﬂ’ to make a

crosslam nate, which has a general thickness of at hest about 0.3
mm appear asa@ﬁeafwestﬂﬁ%lﬁtﬂ%ndﬁelﬂéldatthq% esRinateraheuld be solerred andisibie om t he

striations. T, S i S S triated
enbossnent caﬁ%@@gau&% g*ehlaﬁﬁ!ﬁ%gggﬁj}agleﬁ%gd?ﬁé%ﬁﬁg@%ﬁﬁaa span
ext endi ng pertheralappdars ahantén@stmgra@tdma@wbwidotmpnsm@dﬁea ood as the
aver age thi ckness within th an. Thi s enbodi ment of the invention is,

more specPfi edimeggionaeartical effgq:twﬂmmthg)suﬁﬁge p&medawa%ashraugiém@m
thickness of @f srtr}é?ldg'agé‘%&er@?&’ﬁg emggsrs%tﬁn %‘Btrlgﬁ)?d'%ﬁftt‘éf Eﬁlsdgéf ace-of the

| am nate, c) the lamnate surtace at [east ont ts a
vi si bl e pat t @nhogsgmantrsipatifioally fart}ngporrpesdus ecttmarmad:lsmecesaamd)wyarsur face
ness, variations in 5, di vi si ons

corrugations wth_ c ndln

in said pattet?%aﬁg?‘ﬁgc’felﬁg?ﬁé‘sﬁ bpkgMetyeﬁﬂ]gro%edtrﬁger{swmggfqdép{ds are
col oured, andlstvh@ewersbdofﬁ tﬁ&maﬁuﬂamuﬁa bfcrossibmiateafilry, éereaé\ﬁPW@—'AL to show
t he col oured st rands | aminate is observed fromthe A-side,

wher eby t&Re d%?ﬂt‘}?z@fa%'ép %Q@?‘ﬂ?@t(ﬂﬁ‘f@m%e@uf ficient to give the strands
h f t
tst r6| gf:{)gﬁgangg ganﬁ%r%/Ifg 8‘gei?c§ éﬁgénctrg%?vellngt%%rﬂbééeggl%ﬂéﬁag%%}% effect is

expl ai ned parofiat the h@heptgbmmlm@nmalapbbbu% ithe aindnqimwelieyatbgastiaboﬁact t hat

;Bgrgir Irrgi Ie?); gf Orgléﬁant fa om%g ttrfaﬂgngrﬁ'ﬁg ”F.Hé g%nera Ehulglznuersgsls \Lﬂ\@eldp h very

because the striated embossment causes gauge variations. The general
15 thickness in a span extending perpendicular to the striations should be
understood as the average thickness within this span.

This embodiment of the invention is, more specified, defined as

follows: o

a) the laminate has a general thickness of at the highest about

20 0.3 mm, |

b) A forms one surface of the laminate,

c) the laminate surface at least on the A -side exhibits a visible
patterr:n-of striations along one direction constituted by surface
corrugations with corresponding thickness variations in A, the

25 divisions in said pattern being at the highest about 3 mm,

d) the thin strands are coloured, and the rest of the film A is
sufficiently transparent to show the coloured strands when the
laminate is observed from the A-side, whereby the depth of the
corrugations is sufficient to give the 'strands the appearance of

30 being at least about 0.5 mm distant from the striations.



described as cylindrical collection |enses and cylindrical spreading

| enses. 5 However, this nust not be understood too strictly, since the

| enses may nore have the character of prisnms, or there may be an

al ternation between |ens-like segnents and flat segnments.23Taausenyl2983 nent
may show a generally constant division, or may be nore random as when the
enbossnents from several pairs of grooveﬁ,rollers interfere with each

ot her. 10 Whatever the explanation of the three-dinmensional effect nay be,

the inventor has feutafdilir MFedhaNiidt 8bons biaefoati bsgppear Trom

the exanple. A particu stron optlc or ect of the

striations capsymlmﬁldmr\mﬂd nanw bsatherfactdhat/ﬂ'evmiatlansa‘oun @ss- section

per pendi cul ar _to e stria xhibits a generally, requl ar

ar r angenent O@ft?rpaéng\mrgﬁg%mgn{qo “r?%ﬁ'ﬁ Ci"h"@%%@?%@“?%’ ?@%‘3&% of the

| ami nate and h@y@.b@dwuaahdal CONBELDEeAES a?hcgwmaﬁbélysﬁ@éW% |e?i¢é§ace SO

that there is forned bendi n?b of the rib transverse of its |ongitudinal
¢

di rection5 anb'OWGV?'héh"SWQ* Rat be nadenstaogitpa st IQ’QIYO&NQQI}I'R@NS% may ineore _
boundari es of Qéwtr{e!@%r t‘ﬁ’@?ﬁf rjik‘?n?%tr%ér@lmz{ysbeé Eﬁ%n%% onga%[r\ﬁm%ée}ﬂ t's bent in

the opposite |rect|on mater he two

adj acent ri bslmstaesegMeptsam@flgﬂ%egmmiﬂauThe bmwssﬂithmlay showsel f i s not
new, but it is ve nmentioned WO- A- 9314928

(Rasmussen) . B el Cons B AVinlon, or gt Do gTOTBaNHPBS o5 Yhe thpue ¢ e
| am nat e essegpbabinientdRFdnY §Everhi ﬁélf@&%rbé\/&ﬂ%llgi’sﬁﬁféﬁe‘?@wﬂW&achrbt nnecti on

25 with the present invention it also provides a particular optical effect.
Parti cul &0 aest het%a@ﬁém%eﬁﬁﬁn&ﬂwfﬂb& thraealimansihpal effect ow@ydg; thef  t he

1 aoscent of FRgtor (R AR vollisEhiREes Bhudh UM ek ooy,

expensi ve, buexarhgis. t he appl | catlon is restricted to the strands this is
rat her 30 uni nmport and bet the effect obtained in this way can be

greater than the gP@Q&UI%fSt@HQ&P@P@I 9r RsyeiRlpging! @ffech of thenstiptianssiaen
pi gments. 23 Bé"&b‘ﬁléh@%én tl@@laT‘ﬁ‘iHéte @Fé%ﬁﬂh 'égchQsé fi‘)?ﬁ?éi’heﬁélcﬁlgfato

I nvention, there is provid a new of manu a crossl am nate
conpri si A§ nuf'l?aﬁ“l'?“%n@éféib'%éIgfﬁ*éfa"bllTﬁwabﬁﬂwme@toflr@ayﬁhwmrme| ghbour

films A and Byfigeh urfthbBRShe thickness of the laminate and have a generally
concave and a generally convex surface, so that there is formed a bending
of the rib transverse of its longitudinal direcfion, and further so that the
material in or adjacent to the boundaries of the ribs, when the material is free
20  oftension, is bent in the opposite direction to the rib to give the material
between the two adjacent ribs a generally straightened-out shape. This in
itself is not new, but it is a main feature in the above mentioned WO-A-
9314928 (Rasmussen). In that patent the purpose of the ribs is to give the
laminate essentially improved stiffness in one direction, but in connection
25  with the present invention it also provides a particular optical effect.
Particular aesthetic effects can also be achieved when.the colour of
the strands is formed by a pigment which supplies a metallic lustre or an
iridescent effect. Masterbatches for such colours are usually very
expensive, but when the application is restricted to the strands this is rather
30  unimportant, and bet the effect obtained in this way can be greater than the

effect of an overall colouring of a film with such pigments.



by coextruding in a flat or circular die a main | ayer of a polymer materi al
5 which is selected for high tensile strength and a first surface |ayer
froma polynmer material, and in which A and B each is supplied with a

uni axi al or unbal anced bi axi al nolecular orientation at afyasuageoafter
the joining of the different materials in the coextrusion die and before
the lam nation, and prior to the |lamnajgon A and B are arranged in such a
way that the main direction 10 of orientation in Awll cross the nain

direction of orient@id @Bcdrdig todaghdct BotheliRfaritdR fkré AplodRiIcBA WY
between A and B is established at least in part _through heat ,
char act er i sedmethadeitmanufeciuriog @aressiaminataeemprisingmwadldy ponded  sur f ace

| ayers is mad | in, t ~direct i gn ereby |

consi st s of abodBEF SfhEn sl icebudd AEBHES TN AT S Bl B IR <1 anas
on 15 A are aby engedidirg iorafist drivircalar aje @maii @€ 8f apoRmérntateliar act eri sed
in that the filmis provided with surface corrugations wth thickness

variationg af ich is pelegledifor higndansitenstrenath §P%ﬁ§irﬁe9cqﬁfé’é"ﬁ_|@¥% feast ugat i gns
bei ng no 1mor epq L, RaP madRal Ak @rmbﬁﬁaﬂﬁnﬁléraf:m@?%ﬁeﬂ% QUi opr ovi ded

by transverse 20 stretching of the ate termeshi ng grooved rollers
as descri bed umbalgyued-15igtiabipglecstartohiantative ab ahy stageaaftardhe jdiciag oitHeace

corrugations d hese.have,the ribs. described_abgve, Preferably in this
Gapect the e BPrenl MRRFiRIS b i skl O8i P iiend Perols Bhe e uon, Grgiprel anc
the material fotagiahingtion A 4 B dré afrahgsd irfsdidh @W%gtthé(t the@hsRAredtior 0 al | ow
the strands to be visible from 25 the A side of the |lamnate. In the

foregoi ng0i t eRientaticndntyill ereRsHa Rainsdicecian of REeNtation in Faand deting e of

o) o nat Phed@ifioARAS bBRaingMeudbd R Ardt REUSNRNEAM 1AL IPpb? B! of i "0

coextrusion |1 nes. I'S concerns the coextrusion of the afrra strands,
t he di scont i ninoegt heatt clirvadtieriged avibat infthe doexteution ehels oBthef smighfirst hat t hi s

‘can be done b dding speciral but rather.sjinple and chea chi neparts at
the exit of a g Séip?%ﬁ PoUNY LN tb%@’)@??ﬂ%’ﬁ@ IrgcEen. rg%)hﬁary 2007

21 O course ¢gdirigts bfaRbfay Reeffahes, a@.aernw%nﬁﬁétidﬁﬂmé,arwoftéﬂ%naggﬁnds wirl |
normal |y occupy only about 1-5% of each of the extruded filns, an

t her ef or &5t hi & %2ATERIA heIEs MiraTrak RhetraNdsonRt ankieharagiesied imtebd di es
the A film is provided with surface corrugations with thickness variations.

after its coextrusion, the divisions between the corrugations being no more
than 3mm. | |

Preferably the surface corrugations are provided by transverse

20  stretching of the laminate by intermeshing grooved rollers as described in
WO-A-9314928, so that the entire laminate has surface cofrugations and
these have the ribs described above. Preferably in this aspect the material
from which the strands are extruded is coloured and the material from which
film A 'is formed sufficiently transparent to allow the strands to be visible from

25 the A side of the laminate.

In the foregoing it was stated that commonly used mabhinery for
manufacture of crosslaminates can be applied, only with inexpensive
additions to existing coextrusion lines. This concerns the coextrusion of the
array of strands, the discontinuous first bonding layer. The inventor has

30 found that this can be done by adding special but rather simple and cheap

machineparts at the exit of almost any existing design of coextrusion dies.



are believed to be novel. 5 The extrusion die according to the invention is
a circular extrusion die conprising a distribution part in which at |east
a first nolten polyner nmaterial can be forned into a generally even
circular flow and bodily separate from this an exit part 20dapuasi2o97a
circular main channel with generally cylindrical or conical walls, which
channel may conprise a flat zone, to cazguct said to nolten pol yner

material towards an exit orifice fromwhich it will |eave the -die as a

bul fil T ' ' ' ' h id
teg [ ;J g;rt | alms CE??S' elrj{hgg% 'sgglgﬁg]%%%?érsélsa@%%e%guée F’&Jdmggﬁétl% W@x% rﬁtsi oflal of

a circul ar amroamally oteUupyconig bbautds 5% ofceatbaaiitive exirtded floisyerd materi al ,
this channel systemending in a circyl ar row of iBterﬁlg‘[r orifi&gs in the 15
ru gN

outwar d generth@nejoreynis f@n ked seall @A) iperPeRs|ve S udRe adgpigadies | n
preferred e”té?gib'éﬁé‘&edw’@eﬁb\yé{“m erential extrusion starts at one or a few
inlets to the exit part and conprises for equal dividing a |abyrinthine
channel system st Jittei exrustonedie lacconding toghe finvamtinn é3/8 cisavleoegrusiomdieat | east

t hree channel - branchi ngs. .2Q0. The term.l abyrint hi.n i di ' oduced
in US- A4, 40F0990SINg2 %?Sé‘f‘%ﬁ?“tﬁ?’é'”d’?’rﬁ)%? BeaS#aT'fsgdﬁd’ﬁ}éﬂ%WEﬁﬁfgﬂH ow
di vi des into daphdfornelastod gersisif) elandidularsrhand bbdigsseparatesrat vi de
again into tw branches of equal 1en etc., all_branches [ nl%/I bei ng

th, . :
circular and thigran ex P@@C@@J@HSiﬁgﬁ’e‘FifCU aTHF%'ni‘%"a@H@thh g,er}e}rel_ly@,{{ngsc n order
to mke a pard] G whns\ikn Shahdl ffa)PE 4 R&t ddHeci@bnauRy bhices, the
channel s of the yrint’hi né system or systens nmay tefmnate in a conmmon
ci r cul ar 16hanmnelterhpolymgr satedidl towandsranxitoriicpdram whidhhtwildaayeathe

cylindrical or conical | of the i n_channe|. The circular. r of
internal orifip@s& quu|%%i{'pgﬁupWr%aﬁrﬁe\ﬁgwla%ﬁ{u_regg 'P¥g@@2§ﬁ Iﬂﬁ%yl on die
has been concgliy edit phktaish YoAprided 4 Beanriereystamtior eredmfehential oftRlsion nat e as
means to achi eve strong bond/weak 23 January 2007 22 bond or strong-

bond/ no bond ¢fzntiraarcaraeirariaw staands ofra s¢RoNdINRIILROIYMEr Batefds be a need
2ddi tion to R SATS Ftesrihd e bro TR o tenid BlfdSin o gl erabl v 11
15 outward generally cylindrical or conical wall of the main channel. '
In a preferred embodiment, the circumferential extrusion starts at one
or a few inlets to the exit part and comprises for equal dividing a labyrinthine
channel system starting at each inlet, each such system comprising at least
three channel-branchings.
20 The term labyrinthine dividing was introduced in US-A-4,403,934 and
refers to a dividing of flows in which one flow divides into two branches of
equal length, each of these flows divide again into two branches of equal
length, etc., all branches mainly being circular and parallel to each other.
This is shown in fig. 6. o
25 In order to make a particularly short distance between the internal
orifices, the channels of the labyrinthine system or systems may terminate in
a common circular channel having a wall common with a part of the general
* cylindrical or conical wall of the main channel. The circular row of internal
orifices is located in said wall part.
30 This coextrusion die has been conceived with a view to the

manufacture of the crosslaminate as means to achieve strong bond/weak



nol ten pol yner materials, provided neans for coextruding a circular flow of
5 athird nolten polyner material on the side of the first material which
is opposite the second naterial. Channel arrangenents for joining the
flows of first and third materials are provided either in3Uagufigi2007
distribution part, or in a part between the latter and the bodily separate
exit part. In the die, the circunferencsg,of the inward wall at the exit is
preferably 10 at least 20 cm and the I stance frommddle to m ddl e of

o Colpobi% s PR AP PR BoRSAR, S, Bipligtie prer Lhe
channel are Qﬁyetb@blmeeddonaabntlmomlﬁbemntbomdmmlauandFl'eherefora theire isf

nei ghbours of the strands which is at hes refer

hi gher than @r%fH@M'W@t'W@E@%?V#Br F? ng et%?écﬂ @H’fj S?%gl‘%l e can
al so advant ageaiLs) Pfﬁe@ﬁ%’tér%ﬁ’s igtoviBed Rfe@ﬁ!s'%r' cexfldingd dirRiarffiownafot her
than crossl am nat I nst ance carryi ng filma decorative pattern of

col oured str |aptda8d nmmmmymaemmm ondine Sldﬁéxﬂ thexfitsh oraterial vhighaist age, namel y

that existing die, designs can S parts
and a snal | Pﬁ'&%ﬁ’ % on‘é etgga'; &g ? g?’ﬂgﬂfé f?rnommﬂ?w%%g)ﬁ ow from
extruder to di& e thlraeﬁaxaﬁélsséﬁ@rpt@ﬁdemmrm thendaid disthisutionl rt, ooin t he
second material to the die and the entlre distribution system is near the

exit from t hea parébetwaandhe latayranetine SRdly seRRralsoXhRebest  possi bl e can be
avoi ded. 25 For ”fr‘?tl’?é"‘!f?ru (?e%&{ﬁpr}f@ﬁe‘?\%@ giélnilﬁ%%gll%?tr@é%@ﬂstphéfbréﬂw array

of strands in the coexX he descri bed
crossl anipat eat ledst 20cum, sandathsaigtancéiomaniddle tbmoiddie ¢f npightoue Brificesses

R G, L

strands as Wﬁlbﬁ%ﬂhé@é@rﬁfH@ﬁbllé’oﬁﬂe@rﬁdlwchahdleltab@@tehénﬂll? cahiesl, al- 5% of
each film 23 January 2007 23 There nay also be two or nore lagﬁél nt hi ne

systens of t hdistasee fropemiddle timidsie @ﬁfﬂﬁlgﬁmeﬁ ofithe $transts; wWhich | one
followng af tt‘ﬁ 41%&{/1““@@?%89 oglﬂgﬁerscﬂgh A% gn&n‘n‘dré?}géﬁl‘ dﬁlyg’ﬁgﬂf gHeRt er nal

orifices, opti e-nmentioned ring rme nnel inserted
bet ween tLBe fuhaalZ dm.anches

The die can also advantageously be applied in the production of
polymer film other than crosslaminates, for instance carrying filma_
decorative pattern of coloured stripes. Besides the above mentioned
economical advantage, namely that existing die designs can be used with

20  addition of cheap dieparts and a small extruder, it is also an advantage that
the route of flow from extruder to die exit becomes shortest possible when
the inlet for the second material to the die and the entire distribution system
is near the exit from the die, whereby degradation of the polymer best
possible can be avoided.

25 For the sake of completeness it should be added that the array of
strands in the coextruded films A and B for the described crosslaminate, of
course also can be formed from a flow which passes through the entire
distribution part of a coextrusion die parallel with other flows, but then there
can be a risk of degradation since these strands as mentioned above usually

30  only will constitute about 1-5% of each film.



5 and the internal orifices. Preferably each such |abyrinthine system
should be fed froma separate small extruder. There may be used different
smal | extruders. The internal orifices, which term nate the different

| abyrinthine channel systems, should be nutually displ aced Januaw@007t hat
the different sets of coextruded strands will cover each other. This is
descri bed below 10 with reference to fi2gure 5a. Al though, as nentioned
above the various conmponents of the production line for the |am nates nmay

be known, it is beftiery @shytdlssd behwo orpiore dhysinfrine systemisra tuaideddnbedovel
met hod is new. According to_a further aspect of the mv&etl@n there is
provi ded 15 Kippraquvaent digtrbetion sisterss Lnerfaliewing aftes the eBRL A ng

di e-for coextgug él'%nflé ‘lri%&r@tggr ﬂ)mﬂ%ﬁn{e?ﬁalcd?ﬁééé %tl@ﬁav%bvﬁh%\ethe or each

said die conprising a rst stribution part Ich a first nolten
pol ymer mat eabhade- manﬂd&mofmgr@dmedtobaan@jem@ldl tgetweeln the final baarehesnd

di stribution pa [ a_.second | t b
forned info agﬁcf%'g%ﬁnﬁ(?r&@?? BF‘?f?rag)B' %D%%t 3'5%[}'?{%8@? %@A 8%2' ne
channel (12) Bé’féhoﬁﬂ&ﬁcatse%ﬁréiefénﬁétextméileiemh@f‘é'ma?bermbﬁfdnfﬁérehwmlﬂs t he
exit orifice and a channel system (10, 11) at one side of said main

channel to coexitusiersailde 10’£©W8bﬂflf$<@§ow&l%ﬁ[@ﬁatedbﬁﬂ#@feﬁﬁaéw'@hm{eo forma
f | f |
surtace 1ayer ?l%hn%é?ys\?’\%ﬂg Q{OL@(J]Q'BG rﬁlﬂl‘ﬁ‘% B{%é@bgec{ id §\;c1|d %tﬁﬁ@d@%?ﬁ'eaexi t

towards the ori erern € CO€ex erral |eave

orifice of theetdiofceexteuded stnasitis mill oover(ehéh othrerahid isrdascribed belgwA and B
uni axially or unba# ance laxiglly after exiting the exit orifice; neans
for arranrdi ngMthEeTErenca: 8 lQP{Qﬁ% A and B such that the said surface |ayers

face one another apghctighh agh?ént.bhsd@b%ﬁrfémms%m&h@nts@tﬁérectIons of
orientation cross one another; and Iam nating nmeans for |aminating A and B

by appl i cati oprosiictienatine &8 thelaringtesauay beknewrribisthalieved that thevat t he
channel 'system F&@?&%@EH%'HQ thﬁ %plq]et%(al i¥ B[y, Mt erial provides a flow

of said second’ scontlnuous I'nh a direction generally

transverse to the Ad:wdmigrtecatfuaher atwcebmhearmmbnmhmeserp’rmdaed ayers of A

and B is forned as,an arr ay {
15 apparatus for manufacturing a cross laminate comprising

die for coextruding film A and a die for coextruding film B, the or each
said die comprlsmg a first distribution part (8) in which a first molten polymer
material can be formed into a generally even flow, a second distribution part
_ (9) in which a second molten polymer material can be formed into a flow, an
20  exit orifice, an exit part comprising a main chahnel (12) to cbnduct said first
molten polymer material towards the exit orifice and a channel system (10,
11) at one side of said main channel to conduct said flow of second molten
polymer material to form a surface layer on one side of the flow of said first
molten material towards the orifice, wherein the coextruded material leave
25  the exit orifice of the die as a film structure (16);
means for orienting A and B uniaxially or unbalanced biaxially after
exiting the exit orifice;
means for arranging the oriented films A and B such that the said
surface layers face one another and such that their directions or main
30  directions of /_orientation cross one another; and

laminating means for laminating A and B by application of heat;



5 strands and when the filns A and B are arranged with their surface |ayers
facing one another the strands on A cross the strands on B. Were A and B
are identical a single die nay be part of the apparatus. This produces one
filmtype, having the desired surface |ayers and arrangeQ3tJanuiryl2007f aci ng
one another to formthe lamnate. The or each 10 die is preferably a novel
die as defined above. QG her features of,4he apparatus which are useful to _
carry out the novel nethod appear fromthe apparatus clains. The invention

appr oxi mat oy on SERRciPGEAN G ¥ ERSHHCTBTER P LSRcITg M ek @ ¥ o
coextruded orgoidrtmateshi prlvidesta flowdof said setamd materidl whichsisA  and B each

normal | y but not always with a thin cqptinuous |ayer for.weak bonding and
on top of t hidisqogjiarouming Aisgction gsecqeéﬁgstrqﬂsqus,estp tB%ﬂBWﬁjéfef’g r so that

three differeiorehPBEA! 5t e ALk Mchs oPARRE FisTomes babhicrizgchf Figure 2 s

a view approximately on a true scal’e of two coextruded, 20 oriented,
hel i cal csit ateinds asdlveraniaediims A angd B araatdapyed withitheisunfagedayeise  aspect

of the invention which congern he t [ provi ding a 3-

di mensi onal &PFBECNGRIE ﬂgﬁeSﬁar& seQﬁ%J%éggg}%Pégﬁr?g‘gg?%gq) and (102) wher eby
a striated enbossngRére(AQRH PaRVtEsScat adinhleersinay &k pairf efthe Fi gure 3 shows
a section through a-a in figure 2. This section i rupréndi cular to the

| | IS 25 pe
striations. TaRParaiuekAbissProfuerseng lyPeshaving the desredsuUrians [@Yeido ti mes
magni ficatio ' ' L; t > hde
| am nate ar enas%d(,)\%lpwqéi ets;iglgu Iﬂggéélﬁ@réggﬁg{ndeﬂ%?ﬁngﬁs '%ﬁ@%fééezh‘? gfg schemati c
per spect ige diiavs peferbblycerovelsieas defwed apoveranuf act ure of tubular film

suitable, after heljca utti for Ki t he 30.cr.osslam e shown in
figures 1, 2 and éth?hﬁeﬁyrg\ﬁ,ogﬂiep%rpm Sﬁ”&ﬁ%’? pg Ugsiyl tgtééégu??neds COnes

froma very sygld rr@éﬁdeQ;%ea(r‘fBom &ﬁdaﬁda@st@faimb.r ee ot her 23 January 2007
25 polynmer materials (for main | ayer, continuous second surface, lnayer and

layer “for surfacelhsfinveaetionisiifstiaieciprioe BCeempaRYIRg graYines Y WRERs™ (5), (6)
and (7). The | aStFigEr%t'i %nggiegpé oﬂﬁ%?élilahsa tﬂﬁ@sé}éf% of nfép?négest ribution
€ an I nto

part (8) of the co&Xtrusion are here eac ormed | a circular
fl ow. Joisi ngbetfveen the two coextruded oriented, helical cut and cross laminated films A

and B each normally but not always with a thin continuous layer for weak
bonding and on top of this layer an array of strands of first bonding layer so
that three different elements of bonding a, b and ¢ are established.

Figure 2 is a view approximately on a true scale of two coextruded,

20  oriented, helical cut and crosslaminated films (A and B). It illustrates the
aspect of the invention which concerns the optical appearance providing a 3-
dimensional effect under use of coextruded strands (101) and (102) whereby
a striated embossment (103) provides a 3-dimensional effect.

Figure 3 shows a section through a-a in figure 2. This section is

25  perpendicular to the striations. The thickness of each layer is here shown in
about 400 times magnification, while the dimensions parallel to the surfaces
of the laminate are shown in about 20 times magnification.

Figure 4 is a schematic perspective drawing of coextrusion line for
manufacture of tubular film suitable, after helical cutting, for making the

30 crosslaminate shown in figures 1, 2 and 3. The flow of polymer material for
the strands comes from a very small extruder (4), and flows of three other



5 these flows takes place at the exit from(8) while they enter the bodily
separate exit part (9). The flow fromthe small extruder (4) is fed
directly into exit part (9) where, starting fromthe circunference, it
becones evenly distributed in a |abyrinthine channel syst28daasais206f i n
figure 6 and applied through a circular array of internal orifices on the
outside of the tubular joint 10 fl ow of oshe ot her conponents. The concept
of the I abyrinthine channel systemis explained above. Figure 5a is an

axial sectio B fays€ abstinudiustseeoR® S Baamm Kit part
(9), which c%s?@?gﬁgﬁ{aﬁi@tm—m : oDy ((:69? éyge) The

section goes fLOhSUI[ﬂ@e ow@ellammake»@qm.e ﬁ(’@f@dfﬁ%gﬁgeS@%H%?rsiﬁ) é@a"f*ﬁ%ﬁ (10) of
the | ab t t 5
Showi ng. t he. | 0% a5t HietiofiRd 1E8 gl s redinicu® diptiBLiion bartyé) e B2
64 internal Oécbémﬁemn(dhé)anﬂfdrelhgl‘e esdH foh'nedjlentb lacoircutsr flow. alaining ofri ng

material join the tubular flow (12) of th ee oth xt.ruded
mat eri al s5 Thiheseépwsitakes H?ﬁﬁvﬁgm@ exitdeom [?tt%EYﬁ ?eérdﬁ %Hg'éy true scal e.

Fi 6 th
I IO\?\;; ehaI :‘spgr?ﬁgége%f FYg-ﬁ)hlgl)l nt | ne ﬁﬁgﬁﬁ%lgﬁqg??ggnaz;d? %ayedvﬁégw gﬂ% fl gw

of the st randeimpant(@wtamer staltirfg foom dhe CIcm&Emfe(mf)Ce ftéecomes &yBNlyhe i nl et

(10), each oodiskiuledin's apyPhfur o FR shRGh <l Riiie a8 Bpeat, S
upper hal f pagro@h aldteulapbitey &f lHteeardveelonsis toeksidavof tHe tubulanjointb- par t

(9b), is exactly symetrical with that in flrogure 6 ag%gt fromthe inlet

(13). In 1o guflew Oithm@thgr compPReRiFt 18P Sancent ot the RRYHPtNING.CRANGES - | ani nat ed
web is shown t. The main direction of orientation, which
30 may be a u %gmdP%xé{aLr%‘tﬂ%t?c)gn or an unbal anced bi axial orientation, is
shown by the arrovxF(gE}e Saiis anexial begticanshawreonabout (i seaje, aftiae bodibt fi | m

They -are 23 Januar Q07 ch sha v t 600 to
the’l ongi tud AaPaTdle 8t Pa (DL REr S SRS a s tbreoahieh: e , “has

found best fo%n&%ﬁaufheﬂ%c%ﬁ g%!é!&lﬁroughﬂﬁldne/\m(hﬁﬂgﬂgi ©s Seeeral 30 general |y
have been found best for cross- |amnates used to nmake bags. An angle of 45

was only :lf'_-bun@h@mréﬁléﬁwﬂg the, labyrinthine system are shown.
Figure 5b is a detail from figure 5a shawing the last branch in the

labyrinthine channel system and one of the 64 internal orifices (_1 1)'through _

which the flows of strand-forming material join the tubular flow (12) of the

three other coextruded materials. This detail is drawn on a scale about six
20  times true scale.

Figure 6 is a perspective view from above of sub-part (9a), showing
the lower half part of the labyrinthine channel system (10) by which one flow
of the strand-forming material from extruder (4), fed through the inlet (13) |
stepwise is divided into 64 equal part-flows through the channels (10), each

25  extruded separately through an internal orifice (11). The upper half part of
the labyrinthine channel system, which is in sub-part (9b), is exactly
symmetrical with that in figure 6 apart from the inlet (13).

In figures 1 and 2 the longitudinal direction of the cross-laminated

web is shown with the arrow (1). The main direction of orientation, which
30 may be a uniaxial orientation or an unbalanced biaxial orientation, is shown

by the arrow (2) for one film, and the arrow (3) for the other film. They are



5 a few cases. For each filmthe nmain direction of orientation is shown

al nost but not quite parallel with the array of strands in the film If
the tubular film when |eaving the extrusion die, has been drawn-down
straight, and if it has not been stretched after the hel i26a@anearyt2009, the
main direction of orientation will so be exactly parallel with the array,
but if the tubular film has been screwe during the drawn-down, to produce
a helical nelt-orientation, or if it ha been uniaxially or biaxially

oriented after_the helical .cutti in £ - .ent | ,

Us: A, 030, P ReHBERvY h e a0 B8 Vi G ARG a0 1) not e
qui te paral | efhigis WhéthtRe aiveryor dehekrallyt s BRAY Bestbr tdrpaglimy@ncicsvay Crosses
the other one, there is establlshed a stron%eénot wel di ng. The bondi ng

shoul d nor mal§hgebavhile a@ﬁso'h%art%tgeﬂﬁéﬂ lydave fpwnd bestfaF erossound t hese
spots if del qghﬂ%té@ﬂ%écfto rﬁék@%g% HA Qﬁg §\5 ﬁ@ﬁ% oferSOIBLk NUoUS

second bondi ng Tayer ween ayer, there w | |
only be bsndianfgw casdse sp.Ots (a) but as rrentloned this will be a very

gnrglng Bgzg: 28 . tdé:ﬁagg?i ex Ial Iogoq@rleegglggene al @f WZ’EI gn, this

coextrusi on digteShntldl wﬂihethéra?MyYOf%WéHHé ﬁ?th% fﬁﬂﬂaﬂﬂﬁb tuﬁd(l%dr ﬁFFﬂ fHert he second
bondi ng | ayer even though its use is not limted to the sai d cases.

Most nor mal | yleawegéh%aﬂmsapmdlecbes(beaa@ldaw@@waﬁératgmoﬁm@lf|lt53a@rnqtn each

there s di r dRorafsada. s he e Subla. B¢ FRE alBoh M sREfRTOT LTS 1)
the two fibl mebe exattlpypardi! olthithe acréynmm'ftiheltumﬂalpﬂllm haobeamscreaednat i ng 30
tenperature the s established apﬁr ed}teir m neg wel |, controll ed weak

bondi ng here.d @thbﬁLiié?‘V”'ﬂﬁW toprodyce gdheliralineli-prientiation; erihtdagn one fi | m
are adhesi Ve'Ueé?PuWﬂSﬁéﬁ‘ﬁor‘%ubf@;all& BReRREUMEr RRNKEIRGI ERYRE, é’é‘mttﬁé aBbter film

Thus the bonding stren areas (c) has a val ue sonewhere: between those
in (a) and thoeetl¢ned(tb§-A-4ﬂ3@r?@4| (Rasmuisgen) s wairbditeation af ledeptatinnee

val ues, and t\k},‘ﬁ n%qgg%'uﬁgiarallel with the array. _
15 In the spots (a) where one array crosses the other one, there is

established a strong spot-welding. The bonding should normally be so
strong that the laminate will rupture around these spots if delamination is
tried.
If there is not coextruded a continuous second bonding layer between
20 the strand and the main layer, there will only be bonding in the spots (a), but
as mentioned this will be a very strong bonding. As it has been explained in
the general description, this simple bonding system is preferable in some
cases. However, the coextrusion die should preferably comprise a channel
system for the second bonding layer even though its use is not limited to the
25  said cases.
| Most normally there should be coextruded a second bonding layer in
each film between main layer and the array of strands. In the areas marked
(b) there is direct adhesive connection between the second bonding layers
in the two films, and by the choice of material composition and laminating
30 temperature there is established a predetermined, well controlled weak

bonding here.



5 systemcan so to say be tailor-made for the intended use of the. cross-

| am nate. Wth relatively thin filmit is possible to nake the bonding in
the (c) areas so strong that it cannot be elimnated without rupture of
the material, even when the bonding in the (b) areas is nadanpayt2000l arly
weak. Hereby 10 these areas of weak bonding are fully "encased” in areas of
strong bonding. The advantages of this dyor certain uses are explained in
the general description. In other cases, it can be preferable, still while

nmeking the bonding thé‘aFéb‘é ?heaétﬁa?fﬁjs‘éﬂdné’ﬁﬁkaretéh I){Aﬁﬁﬁrﬁ%ﬂﬂ\ﬁ% in the

(c) areas a suitable value between that of (‘_ al | ows
del ami nati on Hi\&rse@gndboné@l lpyeysungaeiotner fibut Tdwsiths bsndlhgatrengtjﬁnr esi st ance

egal vt (11> AL 08 oG98 n DRI T Rt Bp: 0 £, 00

cr ossl am nat ethavels bSNIGBche\MeQWeém@le%é tige(VhluesT AAd e Bdikédigst | on of
orientation, which here is 20 consi dered an unbal anced bi axi al orientation,

i s shown By t$uste{pcai soAp seye tailrr-madedordhe interded usgoitBe oress-t he ot her
film They arg nﬁﬁé} B shown at an angle of about 300 to the nmachine
direction (1). For each filmthe main direction of orientation is shown
al nost but not quiMith rpitimélydhindilmliit |sipesa|breatxo mékstrreahstdﬁilr(glmthei (¢) filmA

and (102) in filmB str ds .are i t hi ck

e T oot o | 1588 SoNyBo SR T paiiet B euryated WAL ehed T e Mt Bbar chi ng.
but represent efdwhé&h tHebbidifg frpthBRS) 65819 AR HrticU S We 8P PRBFebyN
cross-section fromfigure 3. This enbossnent is produced by stretchl ng

bet ween @PooviE@se greas ef wealebgulingarefulivencasedeinareas pkstsand bandimg. t he

col oured st 1 aflslddhaBlt kAR coPIRRRES e ByBLARTReghie dl Stant from

the striations, even rea anuar ce i s about
equal to or edmrlptrelhl G‘roﬁ"leana?adseltroaadiannefmablb stiibwhyemakingithé i s about
0.1 mMm-. As nt it is believed t s illusionis -
connect ed wi ﬁ’l ‘ﬁ@ﬁ/frg@P @ﬁafea@w&%w%ée 2 )1 tthﬁg’qrtgl'ﬂ%'élttﬁe () 3R3S 4l t er nat i ng

arrangement i &N fdGe PREVESMMEof @) ahd (s}\b%h\anb% deié?ﬁnéﬁéri"ﬁtﬁm& whi ch
here is considered transparent, consists many fine cylindrical
15 tear propagation, but exerts such as hlgh resistance agamst this

delamination, that tear energy is absorbed and rupture around the (a) spots -
is prevented.
In figure 2 the machine direction of the crosslaminated web is shown
with the arrow (1). The main direction of orientation, which here is
20  considered an unbalanced biaxial orientation, is shown by the arrow (2) for
one film, and the arrow (3) for the other film. They are each shown at an
angle of about 30° to the machine direction (1).
For each film the main direction of orientation is shown almost but not |
quite paralle! with the array of strands (101) in film A and (102) in film B.
25  These strands are in figure 2 shown by thick interrupted lines.

Note that in figure 2 the lines (103) are not hatching, but represent the
striations formed by embossment, which appear in cross-section from figure
3. This embossment is produced by stretching between grooved rollers, see
30 the example. Due to this striation, the coloured strands (101) and (102)

appear to be pronouncedly distant from the striations, even when the real



collecting lenses alternating with fine cylindrical spreading |enses. It
may also play a role that the pressure exerted by the grooved rollers
provides a pattern of varying shininess. The filmB nmay |ikew se be
transparent, but may also be deeply coloured to form an a@3skaheiiyc2007
background for the pattern io of coloured striations. Figure 3 further
shows second surface layers (104) and (1f35) for control of bonding
strength, and | am nate surface |layers (106) and (107), nade of polyner

material s whi gi-ar8 |§558&tﬁba{l ﬁ)ebr”&?éhvﬁnélfé‘?tﬁﬁﬁfhe%%@blutn@ﬁ%%feté s and/ or

the frictional properties | amnate. In case the is invention should
be used not ofwhict srateet Ol emBntAsodireddy nogntional iteisfoefieved that thisl so to

establish as str.on bond/ akb this is normal Ly .the case, the

second surf acEYF'9) &t §°'§"I11 @5%?%@@}?"%% Lr‘rgascﬁe%qﬁ\?qa l?(a(imp Pormed first
surface Iayeraléérﬂéﬁn@érréﬁ@&hemé doReaveesitEsdrivee, dminrbthéywerds 1i®8)imra, (109),
as it is shown here, and as it further is explalned in the general 20

descripti 6n. WbigB\ere is gonsidared iAnshaenk SRBSAL @fm@&f'”%cﬂtﬁ'ﬁ“?@qw red, each
strand-f or rredce‘)l%efgg?%ﬂse?%gts&@%ﬁr Vﬁﬁgﬂ%ﬁﬁhdﬁ'&g r& Q?erfs@?.xi d bet ween

the main | ayer I'ng contr ng second “surface

| ayer (104) oals¢pln)a rdb thhtethe posssuse exerted bshtbwgmnvéd g:Jiem Bmvicmsdr awn on
basis of a MCroB&?to of the |am tgi_ldgscrl gd jn. exa al r eady

mentioned it PaLEB&ATvapdng shpinesfe ey HkpWisphedfa %mfedﬁ @kes t he
col oured st ramg§ alépﬁg@éew(\c]&lcm?égtcﬂfo?hadﬁaésrﬂ%ﬂé% PFdl.lrﬁthbePr% gdiam t hey

really are, is a resul | east in part of the alternating arrangenent
of the "oy i ndfr¢Qi@LI1redcﬂtm%tt§tﬂSng 30 | enses” and "cylindrical spreading

e o ConS b S SV AR s SRRy T o= 4 5
under st andi ngcoritrdl of bending| strangh, $hduﬂzrd|nbm Sutbed: |ajmrbf(e0©mncr(GM) of bores
- (14) for bolts or screws keep igure 5a a

shal | ow channBjad FﬁPofy&’erdF%tPHQGé”r? t???c?%é‘ggg t%gn g@ﬁ'&? F‘?ﬂ
construction. P?d&beﬁ?é?aﬁd]@fﬁleﬁh%r%lﬁ tg)%ﬁ?ééséf‘iﬁéﬁmiﬁaﬁsn?lﬂ'c)%sé%e drai nage

occupyi ng m)s the area between su arts
invention should be used not only for achlevement of the optical effects, but

also to establish as strongbond/weakbond pattern - this is normally the case,
the second surface layers should be between the respective strand-formed
first surface layer (101) or (102) and the respective main layer (108) or
(109), as it is shown here, and as it further is explained in the general

20  description.

However, if a strongbond/weakbond effect is not required, each
strand-formed first surface layer (101), or (102) can be coextruded between
the main layer (108) or (109) and the bonding controlling second surface
layer (104) or (105).

25 The cross-section shown in figure 3a is drawn on basis of a
microphoto of the laminate described in example 2. As already mentioned it
is believed that the 3-dimensional effect, which makes the coloured strands
appear much more distant from the striations than they really are, is a resullt,
at least in part, of the alternating arrangement of the “cylindrical collecting

30 lenses” and “cylindrical spreading lenses” which constitute the striations.



for the sake of clarity only this channel is showmn. Wth reference to
figure 5b the downstreamside of the internal orifices (11) is given a
shape which prevents damage of the axial flow, which can otherw se occur
if there had 10 been a sharp edge on this side of the orif28daguaryt2002s been
enphasi sed that there is an exit part (9) bodily separate fromthe
distribution part (8). As shown diepart ,69) will normally consist of

several sub-parts. The shown sub-parts c) and (9e) can be constructed as

one part. The cent,f;gw%g @%asﬂgaﬂa@ha(v%dalhéaﬁg)'(ﬁt% gﬁﬂ’i tHe‘asc lﬂ?cﬁrﬁc?%)to s

conpensate for thickness'vatrations int Iar
Where two or prmcepalzmbsiensmndlm@ buj{ﬁleaiuﬂowm sioelbt] b@addedl ed from separate

truders, th d di bet ' 9 d
Cob) “the surt ace D Bprertravs hbsered 4141 e Bous oroscndld as e warts S0angyle o -
with (9a) it tb?éfmronﬁﬂg@bw@gmlmmmamdrambe% lﬁMGdéd( 89) it 20

forns another [abyrinthine system In figure 6 each of the final
~ branches bf tWsual Hb@lﬁloﬁ’ﬂﬁﬁru@%iydﬂé%@t theresshionldde aw&teﬁaof@annetse‘om ch

extrudes dire I

practical to @5&% erbltc(a{"éﬂﬁ%re th gétggrbgh@% éﬂﬁwﬁﬁa”‘”&@sz@ﬁumer of
strands is wafor éth sakaadf darnytbnlyrtaimdmma;l |9I3h0wnnW|tmréF5rem§Tmlﬂgmeﬂ@3 fornmed
channel close, to, the channel #%@ or th l flow. Fromthis

ri ng-f or med ctlt?&rﬁ?é‘fnsfrﬁémes"g%ﬁ ipteena) osifiees (1) @9‘&%&5'1%’9 vApei ngs into
channel (12) I HBw ;%512
(Rasnussen) ex@rrp@'q% o%rﬁ]a E@;@%gggﬂ%\ﬁ Wifich E?n%w ng%%d gﬁlﬁ@?r& 07 30 The
coextrusiton |besn ashar@rmgemm aldesnrﬁmmomfrces: gures 4, 5a, 5b and 6, and

there are coextru S i ng_of alow~rrelt t al | ocene-

cat al ysed copol yne qfﬁlﬁ B%%hg%gﬁgs'gﬁ%E@%é 8'?139655‘)%” P?ﬁﬁd aﬁﬁ?@r -60C and
nelt flow i ndiegmih®diskiblRiohlpast (85, AddREwa dE=ireOhAilERo@halli dovelst Bf gnent .

The amount of this addition is three tines that used in normal extrusion

of silver ef fERMeralisuRrpartenel h%%}'@wﬂ/\?ﬁb:ﬁaﬁﬁ(%?ad (e )Randbe constustedas
l'am nation | aygg p&RdTRE Bntering of sub-part (9d) is made adjustable in order to

15 compensate for thickness variations in the extruded tubular film (16).
Where two or more labyrinthine systems are used, each fed from -
separate extruders, there can be inserted a further die ring between rings
(9a) and (9b), the surfaces of this inserted ring being shaped so that,
- together with (9a) it forms one labyrinthine system, and together with (9b) it
20 forms another labyrinthine system. '
In figure 6 each of the finé_l 64 branches of the labyrinthine system
ends in an internal orifice which extrudes directly into the axial tubular
stream. However it is not practical to divide into more than 64 branches, and
if a bigger number of strands is wanted, each final branch may open into a
25  common ring-formed channel close to the channel (12) for the axial flow.
From this ring-formed channel there can be the desired big number of
openings into channel (12).
Example 1
The procedure is the same as in US 5,028,289 (Rasmussen) example

30 3 except for the following:



second bonding layer is a blend of 90% LLDPE and 10% of the | ow nelting
copol yner. The LLDPE has density 0.92g m'' and nelt flow index 1.0. The
to main |ayer and the heat-seal |ayer (for heat-sealing of the final cross
| ami nate) are the sane as in the said exanple 3. The nai n 28a4aiafy@008 75%
the heat-seal |ayer 15% the second bonding |ayer 8% and the strands 2%
of the filmby volune. The conponents foyp the nmain, second bondi ng and
heat-seal layers is do not contain any pignment. The angle of cutting is

57. The tenperat urend %eﬂt@@dﬂﬁmeqa,coﬁétmté@baghawawﬁg@@s A5d Ebaal heat
treatnment are also different, nanely: For pre-heating: 20 For the

transverse st®eanshingee Bea opaxirugad Sﬁﬁ@@$ epnsigthevefe ||0M4-ﬂn@ltl§19 Trertsbosaped i n t he
d US t F th
ol Lowi ng.t r arAaNPel Bpgbinalof Sflehd Erdfoudld iy Mo RS sp. 006, 2 "

t he heat treatamenieltvilowcimdekflei;ts the final bonding: 90C. Furthernore, no
air jet is used to_coal the filns durlng the main transverse stretchl ng.

As in theSsaid exahpks®$ aqq?@ %‘,g@@gergatc 196 SHY &5 Rigraerts sthegmautedf thisi ch f or
i dentificati OQd@iﬁJf)ﬁ’Y’e‘» ﬂh?e&ﬁr'nb@?hdt uskd |@H8r3@aléggug\ba_of-§r\be? eiet fiRg bonding 30

pattern shown In tigure 1. January 20 simlar cross-lamnate
(called Il) but vmTm)layerwemtmaawsUSmtenmwmIanmtfooﬂaymrqmmeren

h h i | 3L | ar |
Co 1 but i t R SRt R Ref bh o b i Bl 5PCpLER sbmrtenid s °'Y
nel ting copol ys@dlyrnsr.t ige EElpEdnatsczmisngoI@gemw aﬁrambﬁﬂ(ow»n@eem i thh et he

hi ghest tear propagation resistance, al nost the same, and

npl e
| ani nat e 101 | | nain @Mﬁ%?'ﬁl‘éF%ﬂ‘%ﬁHS@ﬁk'@Y?"e@?r fpﬁ%ﬁ@h@@ shthefinal giosfice under
shock-teari ngj fiAaes aRd R @infdss IAhBX4d BRamdiBis BHLREIH Myer forms 75%,

the heat-seal layer 15%, the second bondlng Iayer 8%, and the strands 2%
of the film by volume.
The components for the main, second bonding and heat-seal layers

15 do not contain any pigment.

The angle of cutting is 57°.

The temperature for lamination, stretching processes, and final heat
treatment are also different, namely: |

For pre-heating: 60°C.

20 For the transverse stretching between the special grooved rollers
described in the said US patent and the first longitudinal stretching process:
50°C.

For the following transverse and longitudinal stretching processes:
35°C.

25 For the heat treatment which effects the final bonding: 90°C.
Furthermore, no air jet is used to cool the films during the main transverse
stretching.

As in the said example 3, the gauge of the final cross-laminate, which
for identification below is called I, is about 70g m?. This has the bonding

30 pattern shown in figure 1.



I's evaluated by hand-tearing at a neasured velocity between 5-7ms'1 by a
lo team of people used to such testing and knowi ng the requirenents of
custoners. To the know edge of the inventor there does not exist any
standardi sed test for tear-propagation-resistance which cQBgaah®se2000 the
practical conditions of tearing. Lamnates (1), (Il1) and (I1l) are also
tested in an accelerated aging by 15 fhexing. The lam nates are cut into
8cm wi de bands which each are set up like a flag on a stick of dianeter

25mm and cut so-t o ; Traray] Is then
tested by an arti |c||rﬂaltl r\?\fgﬁ%q%@a %E%g”%g(r)n)Etrﬁh@\lltﬁ&stgrr}%;gggn?%’ﬁ)g and (111)

del am nat ed wharnifactarddefortompaeisonwhi | e sanple (1), for the 2 hour period
which the test |asted, remajned. bond in all, .spots ere. 2 he strands
i ntersected each .rm?P?e{_hPB? [SPR aPté'feéf@tq"bdol%gﬁﬂ"iam%a@%eﬁg"%ef ore the
described accghpady ff, blt Githog the eebR@Nand WRM 598 Mstead b)theq0kPRMEd at, no
matter from which side, it g:ves the inpression that the col oured strands

are a fewsnmnielingeopolyorariméne $raoNdboBAY I8¥eThe cross- section of sanpl e
(1) is exam ned i %@éggﬁe&?\fbitsltﬁeﬂ ',egf %%&B@gaﬁg%ﬁfeﬁ&%g%aﬁfplé hi ckness

variations and a C ng wavi 0 a ver extent. In
exanpl e 1 of (ihairadEiee sBiME| ane tankiRate-(110GRdrdidarably lswentsarpmpagation t her e

is called "R b Structure" is produced h re pronouncedl ee figure
1 of that patiesitansRaindsr RhRCISIdaIRERRCoRRIERle ERTTREHITS, EISPRYRETRE t i s
present pateq% egHRJa'té‘d'ﬂ‘B)'/ BQnd-l’gﬁarlfﬂbeatFHﬁ%QNred%m HetbEerPBimae st ¥p ahas been

to form"URi tructure” mu €ss 23 January 2007 32 pronouncedly by
nmodi fi ed 10r octeam ofqredipie used tonsuabl testingsand yepwinatg eeqfiremants Phg, t he

m | der conditjons of 0, f I ' | tretchi and a

slightly hi gh%rst?msﬁsﬁﬁ%@%ﬁé%@ie %ﬁ?ﬁ@%'ﬁ%%@g‘g‘?ﬁ@& e“?‘E‘Jet i ckness of
sanpl e 1 varigan&yrdadedubstdpWarpropapztienabsiytance adridtacomatciaserto théi | e t he
angl e between the surface referred to as A and the average pl ane of -the

surface vari e%"aES}CQiS@UgiﬁWSQfWaL”ﬁ‘Qn a division, also in a generally
elat vely smal | varnogies (D, Y arkampreRIqNRsier el ARIcR et g by  hese
15 flexing. The laminates are cut into 8cm wide bands which each are set up
like a flag on a stick of diameter-26mm and cut so-that it extends 25cm from
the pole. The flag is then tested by an artificial wind of about 100 km h™.
Samples (ll) and (lll) delaminated within a few minutes, while sample (1), for
the 2 hour period which the test lasted, remained bonded in all spots where
20 the strands intersected each other.

The following refers to examinations before the described accelerated
flexing treatment. When sample (1) is looked at, no matter from which side, it'
gives the impression that the coloured strands are a few mm distant from the
striations.

25 The cross-section of sample (1) is examined in microscope. It exhibits
a regular pattern of thickness variations and a corresponding waving,
however to a very small extent. In example 1 of the above-mentioned EP-B-
0624126 this structure, which there is called “U-Rib Structure’ is produced
much more pronouncedly, see figure 1 of that patent. The “U-Rib Structure”

30 isdefined in claim 9 of this present patent application. In the present

example the objective has been to form “U-Rib Structure” much less



pronounced striation. It may also play a role that the grooved stretching
to rollers have inpressed a pattern of varying shininess. Exanple 2 The
aimof this exanple is a further study of optical effects of the
criss-crossing strands, before and after accel erated agi n@30wnfia3009. The
procedure of exanple | is exactly followed, except for pignenting is of

t he conponents. Sanmple |IV: The strands hgve the sane silver effect pignent
addition as in exanple 1. In one ply of the lamnate the main |ayer is

pi gnent ed wi t Brongufesity By%eodiﬁéd)yfoces@b&wmhsaﬁamﬂy Pk redrfyd g which is
about double of that normally used. In the other ply of the lam nate only
the strands aewétlng.dhglnm@ﬁtc@adltmmof eenling figs ther lengitudagiatetening @ndst r ands

are pignent ed nount of masterbatch
is three ti rreg\gﬁ%@' 'ﬂép%a P oﬂfwg&?égn%\ﬁgﬁe | am nate the nmain

| ayer is pignent edThth‘bNriess weampw Uearﬁnsgmseabona&ma@m ageierdiiyt with half
t he anobunt of nasterbatch. No strands %ﬁ mai n | ayers

pi gnent ed Sl i kKEEGURrPARSI While tgﬁr?é‘ &Q@WSGBMW@@%‘S‘?&" tg 25 AARAIB. 1 v and
V. Bxam nat | og, 86k BrtASRhE SURBEOUSES) BEGR!AIAVARIRE RSB, dbgiH 410
tests: SarrpIeY wed fromthe transparent side a brilliant

3- di nensi onal gsmératy rqgiargratterivi E)wedome)mﬂueme or ther aftectiomlef Ilght,qw te 23
January 2007 33 aelsk %tlc 'ut no I, ant 31 di. mensi onal eaoattern of |ines
in a darker bH§&e TeEf r?ﬁ”@ %r\}gg%'gfvle P dNPIESS U Y& an aest heti ¢

3- di mensi onal Erd@@bh@éwsl@‘etlbh nﬁ&néﬁal@o'p@}‘é fdle lﬂhatehgghmvred dtrefRtag nat i on of

the sanple after 5 mnutes accel erated flexing expl ained in exanple 1:
Sanpl e | %0 Fr pAfiernave mpspseed a paemofserying FB‘BI{!ﬁsﬁest hetic and there are
no signs of del amg P bn the areas where there is strand material. From
t he transparent si now | ooks much | ess aesthetic due to the

The alm of this example is a further study of optical effects of the
crlss-crossmg strands, before and after accelerated aging by flexing. .
The procedure of example 1 is exactly followed, except for pigmenting
15 of the components.
Sample IV: The strands have the same silver effect pigment addition
as in exampie 1. In one ply of the laminate the main layer is pigmented with
a deep blue colour, using an amount of masterbatch which is about double
of that normally used. In the other ply of the laminate only the strands are
20 pigmented, the rest transparent. .
Sample V: The strands are pigmented white by a masterbatch with
TiO,. The amount of masterbatch is three times that normally used.
In both plies of the laminate the main layer is pigmented with the
same blue pigment as sample 1V, but with half the amount of masterbatch.
25 Sample VI: No strands, the main layers pigmented like in sample V.
Same second bonding layer as in samples IV and V.
Examination of the samples before the accelerated aging by flexing
tests:
Sample IV: Viewed from the transparent side a brilliant,
30 3-dimensional silver pattern. Viewed from the “reverse” side: a quite



10 progressed delam nation in the areas where there is no strand material.
Sanple V: From both sides the | am nate | ooks sonmewhat aged, but the
criss-crossing pattern is still intact all over and still has an aesthetic
effect. Sanple VI (wi thout any strands): Heavily del am natkédaangkry2d8l7ess.
15 Exam nation of sanple V after 1 hour accelerated flexing as expl ai ned
in exanple 1. The material still is spotyponded in all spots where the
strands intersect. On both sides it shows a |linear pattern in lighter

col our. ExanphgstRetldiButtic? pfishe 3afimensibRalGatielrs of RRRaheddakenpiuBe
nodi fication that the 20 filnms are extruded thicker, to give the final

| ami nate a wef@AYr.of 120 g mM2, and in the second bondi ng | ayer the

contents of the lp}%\ée'ﬂﬁlle\I/ngﬁ%’?&%g@tﬁgf%id}e%w%}%nﬁgﬁé@[n'é’%? Af 15% The

pigmentation is |i silver, main
|l ayer in one péhtyerdesflinds irea lightdr bluetdidowt her ply wi thout any 25 pi grrent.
Thi s crossl am nate_shows excel |l ent tear opagati on praoperties eval uat ed
as expl ai fed in exB¥gnigaton g Eh@rsae‘,"m?ﬁﬁ?gé nﬁe F@Fﬁ?'@@tggé’ﬁ“ﬁg%y t he

met hod used |gxpﬂé@,ggllﬁgxélm5|@d1 2 it still shows no sign of delam nation.
Therefore the three-di nensi onal pattern still looks brilliant fromthe 30
transparent side absmplefMerFrohi thet'reyerseerside it stil lozksa&alhatly apdditere34 CLAI MS

. 1. Acrosslamnte COoRpL/ Si.n N fi whi ch at
| east two nei 8%’8‘%? 9P ° E;@e %@Jm%ﬁ%ﬁy @gerg tﬁ g%@anf’ ng%e'o%lre

uni axially or Fmﬁwb@énspmb@htwd riRwels bled mcﬁﬂes%rﬁe%d;eﬂ&hﬂ.reetb}thé he main
direction 5 of orientation in A crosses the main direction. of

ori ent at i*én (8509"?15%%1?&3"@@%0” dbHhea1Ras Whegs Kiere isne srangmaterialpol ymrer
material selected éQ%Pfé'\ﬁhFF&ﬂ%'o mdéHl’?‘é‘ Wnéta% s@rﬁé‘\&hétrbgega‘)ﬂt ! ayer)

and on each nmain |layer on its 5| aces t nei ghbou m A or
at | east a fi thstcrissrdrassing patern is tsatl mtactall alies and stith baa sainl agséreticonsi st i ng
-of an array of cqext ruded t-hin strands (101, 102),
Sample VI (without any strands). Heavily delaminated and useless.
15 Examination of sample V after 1 hour accelerated flexing as explained
in example 1. The material still is spot-bonded in all spots Where the strands
intersect. On both sides it shows a linear pattern in lighter colour.
Example 3
The procedure of example 1 is repeated with the modification that the
20  films are extruded thicker, to give the final laminate a weight of 120 g m?,
| and in the second bonding layer the contents of the low melting copolymer is
increased from 10% to 15%.
The pigmentation is like in example 2, sample IV, namely: strands
silver, main layer in one ply deep blue, and in the other ply without any
25 pigment. |
This crosslaminate shows excellent tear propagation properties,
evaluated as explained in example 1. After 5 minutes accelerated flexing by
the method used in examples 1 and 2 it still shows no sign of delamination.
Therefore the three-dimensional pattern still looks brilliant from the
30 transparent side also after this treatment.



10 the. strands (101) on A being arranged to cross the strands (102) in B,
and the strands consisting of a material' which is selected to nodify the
preperties in the surface of the respective film this nodification
concerning the bondi ng between A and B Sbpractebsed in a Zerandns2007ace

| ayer (104, 105) on the main |layer of at |east one of the neighbour filns
A and B on the side of the main layer 3% which faces the other one of the
sai d nei ghbour filnms. this second surface |ayer being continuous. |ocated
bet ween the mai nELAYMS and the first surface layer and selected for

control.Ql the bondi ng bet ro e a co din

claimi1 gJ 1 ctari sedgl n t#e&aﬁézfﬁﬁgaé g‘gpgf'ﬁ‘@nmgn glflrﬁ‘érofl n

each spat (a) whehhaatsieasntivg heighboor filkts A and & each deing boenmdaﬂﬁrr(slﬂ&) '
on B. while A and B are weaker bonded or, .not. pboncl ea over arts

their contacti ng”@ﬁf‘?&!@&'e b eGSR axighy apgnted; Wagr e&?éfﬁ'agﬁﬁ"l' é%‘%“""S
A crossl anm nat e aferartatien (2): u@hmrméeme%ahmnr%ansﬂataﬁ@r%ﬁbn mdn Brhndtemh
the optical appearance or col ou | am nate i s nod

e P HER ] g oP e B, BYSt RPOSGTING M GTBRT BathlislEelemeck o, hiok fnsie

first surface | aggéngth (ﬂere?nsﬂ@rsmb&ﬁamwe@%aw 88ch haayer chhie ﬁé@ﬁﬁ@nng
cl ai nB, charactﬁrl sed in that the thlckné f the strands in each of said

films A and 8 t ey negnbayr gHEL A ©F 9=k My sudRce Haveli Jhelsis 20%

and still nore arsef:ﬁmhws |B?ef&6!ﬁn§th§mféﬂ%@ydfb@eithad‘éﬂ'ﬁﬁ’ﬁstﬁﬁnds"(‘?m 102),
respective film -@ncrossl apm nat e accor di n ané of the reced

cl ai ns, chépactg}qgﬁf‘ (W&P"t ewgcﬁrﬁa’lﬁed('t?é’ Q?? ’?’?Fse('i@ﬁ tSTBs%ﬂ‘H‘ 8
films is select e&réme&mﬂéﬁﬁlrsﬂﬁmﬁuﬁb'ﬁed RemBBpaRe peBinies in the
preferably at the a %etst 50% and ﬁf@ 3 ref erablni at t he hi ghest 30%
of the surface aP¥42 E’?%E%E’F ‘T‘is iBeation.conceming e konding between: o
any of the preced g Bl b&a Taeéec%ﬁd suwﬁcba%émoaht@gmmé M&nAaye

in each of said fil A and ations ere the strands are
able

coext ruded anounP ashong W@s@?'@“@‘?}% ﬁﬁﬁn‘\ﬂﬂda?l%t’teoS'E’ﬁé’flthﬁﬁﬂa!atléyer
surroundi ngspr ew@hbbegmé Sthel? bBB%?fhe?&%l ﬁB%n‘Ebe:qué“BﬂE ssesﬁc?g@#éaé IRfer

nore than 10% 7. A crosslam nate accord rece

characterised in FH&CWQUBP%t'a‘Fﬁ‘,’SdPPB‘H??ﬁ I’Ea'!‘daYﬁr@(ﬂ'F’éh%ﬁ"sﬁEP@‘FﬂﬁiéYefaﬂﬂ
sefected for conrol of the bonding between A and B,

2. A crosslaminate according to claim 1 ;ha[agt_a_n_sgmn_m_a_ t A and
B are strangly bonded to each other in each spat (a) where a strand (101) on
20  Alntersecis wiilj a strand (102) on B, whilg A and B are weaker bonded or nat
pbonded over thé parts (b) of their contacting surfaces, which are devoid of -any
first bonding layer.
3. A crosslaminate accerding to claim 1 or claim 2, characterised in
that the optical appearance or colour of the first laminate is modified by the first
25 layer, preferably through a selection of pigmentation in the first surface laye_r.__
4. A crosslaminate according to any of the preceding claimé
characterised in that the thickness of the strands in each of said films A and 8
amaunts at the hughest to 30%, preferably at the highest 20% and still more
preferably no more than 10% of the thickpess of the respective film.
30 5. A crossiaminate according to any of the preceding clanms '
characterised in that the width of the strands in each of said films is sefected to



10 strands in each array is between 2 mm and 80 nm preferably no | onger
than 40 nm and nore preferably no |l onger than 20 nm 8. A crosslam nate
according to claim2, characterised in that the bonding strength in the
spots as neasured by peeling, carried out on narrow speci2iehauaiy 2007
velocity of about 1 mMmms'' is at least 40 g cmi and the bonding 15 strength
in the parts of the contacting surfacegsvvni ch are devoid of any first

bondi ng | ayer, simlar IEX determ ned | s t he h?&hes 5% arLd r ef er abl
no nore than 509GCuURY atHBeisRerRlycS ?-e‘?f&feﬂ'aPW :'Ml'? tgﬁoé nd stil more

crossl am nat e acgmfdadm éptrfél ﬁ‘ihﬁbﬂt 3@%4%% eﬁﬁﬁ.@@laréh b"pe rebpe&VERimses two

such pairs of array.bonded f A crossl am nate accordi ng
to claim9, characterfsed Pn mlawtef amrd@s;cm fofr theawpresrding «iajims

this film havi HQW .eﬁﬁésrsaﬁ <87 Eﬁmopéa.affﬁnéwgrwatm%l
A crossl am nate ng to any o e prece Ing ¢ aracterised in
that it conpbsi sekcationawhere thcsirandsiare ceexteyded amoupts at the highestdadA% seena
surface |ayer (199%\%@?(% m@#ﬁ#\ealaigfsbfrﬁmlﬁ%%cﬁréfamﬁ%g{ tﬁéﬂﬁ hasi ﬁ@%easrf%n&ll' s

adapted, to enhance seal ate I N reasel
frictional propemoresprembwrmomemmm% accor di ng to any of the

preceding claims, = charact o bagdddinkiPbeddifngi Ve & [Faskain} ERRHsO"

thesa|dtvvofllms A and consr s
pol ypr opyI ene. I1Ghardcteriesd | ianihatt theicistagcagfrom dwgﬂlﬁ 1o, nuq!fafea@t drsightpurn

that in of OisBod e ehBR ImhRYRE BOMRISeRirably! fPTomjer
LLDPE or a %g Jasﬁﬁég{rd% iy L‘Qaq %rr%? ls f the two, the gecorﬁg t;?)néll ng Ilfig;/er

0
mai nly consists &@n {chE“bB'E‘ d\pene prggquQkyd}%loggegt@A)Z fMAcopol yner of
et hyl ene having a nel tg ng &LTM%# -
i nterval 50.80C, and Eehe slt%glr:lH Ss%ﬁrgﬁgfé*ﬁk%dggg}ggt?’gl?u op%rﬁ mer ene
havi ng a nel ti ngbooding %ire%gthﬂﬂtﬁ‘ﬁgppéﬁn@’eﬂ'@ﬂﬁﬂm hvmlm@nmnaﬁ muéc‘nrﬁt?@'lq)*al
o0~ 100C of a bl CRdeBinciia £ WBRIKIRE 2B 1 MPEF1s £1004814H QénP! ad PR hordiRe '

the said copoly A cros according to clail ar act eosed
in that sai di5 weékfebﬁﬂgl'hlj"ei Bads i ihe snadCH)d SuEFseS whieh ase| deveidrofiany: first

second surface. panging layer. similary determined is at the highest 75%, and preferably no
more than 50%,.of the bonding strength in the spots. :
8. - A crosslaminate according o claim 1, gharacterised in that it
comprises two such pairs of array-bonded films A and B.
20 10. A crosslaminate according to claim 9, gharactensgg in that one
film is commeon for two such sets, this film having an array of the said strands

on bath of its surfaces.
11. A crosslaminale according 10 any of the preceding claims,
characierised in_that o compris'ea on one of each of the outer films of the
25  laminate, a surface layer (108, 107) which.also is surface layer of the laminate
and is adapted _'to enhance heat-sealing .of the laminale and/or increase its
frctional properties. |
12. A crosslammate acccrdmg to any of the preceding ciaims,
charactensed m 'that the main layer at least of each of the said two fims A and
30 B mainly consists of polyethylene or polypropylene.
13. A crossiaminate according to claim 12, characterised in that in
each of said films A and B the main layer consists of HDPE or LLDPE or a




| ayer of an adhesion aid, preferably a | ow nol ecul ar wei ght polyi sobutyl ene
or 10 atactic pol ypropylene. 15. A crosslam nate according to any
preceding claimin which Thefirst surface layer on' A and/or B conpri ses
two or nore sets of strands, each said set being formed @3 Janoatye200al
differing in conposition and/or colour fromthe other set(s) and the
strands of the sets being offset fromgsme anether. 15 16. A crosslam nate

according to any precedin cI aim char cterised in at said first surface
| ayer on each offP'eAd ofjth QetQﬁcFelﬁ"BG&%‘idgﬁ igvef mainly cgRasts aiskk DREdrepaR)| v

at the highest 10%ane apsas%e&fes eeb&ya{ert&eezhyﬂhe%aww%%m ;‘{&H‘&Eac’f

the respective filmA or B 17. A crossfam nate according to any preceding
claim charact erngBing @GQPr\-“”im'aﬂ“Q W&Véﬁﬁﬁé"mﬂﬁ@g&‘b& ﬁtnddhet ngs maialy s

whi ch consti tut Wt
10C, preferabl ye%éﬁkﬁse;ésﬁéwgo& %?%%?%E’%E@ Ieast a%out 0%

| ower than t$1e aﬂé’ﬁ'ﬁg’é‘eﬁﬁmﬁﬂa‘iﬁﬁl interyal Qrém&lﬂir?ep?ﬂﬂmfcw%ﬁgmwmﬁéaﬂﬁe
mai n | ayer. rﬁg;nwﬁ,b Qgpﬁg%l E}%M y,ﬁggded pol ymer filns
0

of 25 whi ch at eas two nei ur fil eac ei ng coextruded
films are uniaxiallyl8ri eﬁt@ésﬂﬁfﬂmﬂi@l m@@ingutmlaam 2 charzate he

the main directiggaitordileR &t@étaersr(e@b rfe! SR Saddifor M i?nfedééc.%fj'a%

orientation (3) cont ai ns a ?/er Consi a1 h
materi al sel ect dayeoef angﬁhﬁéngu 21g, preferahlytan c(anmohaqwame-ghmolmphuwmrgr

and on each [ Lde which 30 faces the nei ghbour filmA or 8
at |least a ?c?'f‘sg‘asgy?go%rbeﬁeﬁ that is a discontinuous |ayer consisting

of an array at coextrifled Afirpsseminae acsoeingtoany preqesing elaimin which thedirstA
being arranged téllﬁé&sl%ybh%n?ﬁ. Eﬁaﬂﬁ' dé&%}mé@s fvo af‘motr@%eﬁf]ﬁlfﬁﬂsyegmzam37

strands consi sti ng of a material which is selected to no ropertles
in the surface $8! keiafesped of agnpterial diferigadacompnsition @ prpnbur from the

nodi fi cati on con te. 19.
A crossham nat o oo et(iF 2B thG SirafRpEriR i B RDoMEL Rmohe Rthdr

optical appdfrance is16st ahl ¢repElaminaieAFRCKIIRG IR30Y PiecEHing ciaishicharasterised
the first surf aaxe.ear.d it suffack0a g Abh Rch SCHe fAlShd BAbERIpIE & thée

characterised by t
hlghest 15%. preferably at the highest 10%, and more preferably at the highest -
§% of the volume of the respective fiim A or B.
17.  Acrosslaminate according 1o any preceding claim, characterised
20  in that the average melting point of the polymers which constitute the strand
formed first surtace fayer, is at. laast about 10°C, preferably at least 15°C, and
more preferably.at [éast about 20°C lawer than the average mefting point of the
polymers which ‘canstitute the main layer.
" 18. A crosslaminate comprising' mutualiy bonded polymer fiims of
25  which at least two neighbour films A and B each being coextruded fiims are
uniaxially oriented or unbalanced biaxially oriented, whereby the main direction
of orientation (2} in A crosses the main direction of orientation (3) in B and each
cantains a layer consisting of a polymer material selected for high tensile
strength (hereinafter the main layer) and en each main layer on its side which
30 faces the neighbour fim A or B at least a first surface |ayer, that is a
discontinuous layer consisting of an anay of coextruded thin strands (1013, 102),
the strands (1071) on A being arranged 1a cross the strands (102) in B, and the




following fug urea: a) it has a general thickness of at the highest about
0.3 mMm 10 b) A forns one surface of the lamnate, c) the |am nate surface
at |l east on the A-side exhibits a visible pattern of striations (103)

al ong one direction constituted by surface corrugations Wtlanasfy288gondi ng
t hi ckness variations in A, the divisions in said pattern being at the

hi ghest about 3 mm 15 d) the thin strgnds are col oured, and the rest of

the filmA is suffici ent_I¥/, tranrs:,%arent t0 show the col oured strands when
the |aninate i $USPIEFERFSHAYRT R MmatepalwWiich HRsleped io@ogfythe Broperies inthe

corrugations is gsuhtsGf e réé}éﬁ%&@ -ﬁlﬁ?&%@%ﬁﬁm tA8 &t RBatin cdif@pls

about 0.5 mmdistant fromthe striations. ™ . A Crosslamnate according
to claim20, chaibe gplicalaprearaace pheoloyopiilie laminate. strands is formed by a

T, LT S, R 5 A YO ot

crosslam nate according to claim racterise

a cross- sectd on gf eppediRrRAs2MANes istestablishpdithnsh a sriectinn obpigmeotatisints thes
a generally req%@guﬁgégwent of ribs Wich are thicker than the average
thi ckness of the I'am nate’and have a generally concave and a generally -

convex surface to f@&in a Aemssiagnioataarsordingio caiwen8er v9 charmderisgdpythmal

direction and g/ in or adjacent to the boundaries of the
ribs in the ten w: oT the material are bent in the opposite
direction to the rib &o giitbas bapederakthekness bbattherhighesttabouhOjaemt ri bs

a generally.straightgped-o ﬂ;@ S Il nate according to any
of clains 1‘b§to 22 iﬁd’iMi cklhtt? e_Bﬁ%aﬁﬁfg%%téTg{]eol%E\r"{'%gr concerns the bonding
between A and B. 23 Januaripelaovnaiggssedacenakieamiderothe feaigieacxhibith@ visble

a'.crosslaninate conpri si r}ga‘{mhug g@,&;aﬁﬁﬂ@gﬁfﬁ?,g%‘%&:nﬁi 4 X?l%fn %é&?ﬂl%é BY ot

| east two nei ghbour filns "A-an each are Py “coextrudin
~or circular die a nain | aysurfase cerpgalinns with cerresponding ticknessepogtans in Ar

and i nowhi ch A and B each S diiElon® 1 sApaBif b d de hiBR A TN fi °!

bi axi al nol ®&ul ar oridnt atthenthid Afandst atge cafauced.t andjtbieniasy aff thenim A is
sufficiently tr*_ansbarent 1o show the coloured strands when the
laminate is chserved from the A-side, whereby the depth of the
corrugations is aufficlent to make the strands appear as being ait_
least about 0.5 mm distant from the striations.

20 21. A crossiaminate accoerding to claim 20, charagterised in that 'the'
colour of the strands is formed by a pigment which supplies a metaliic lustre or
an iridescent effect.

22 A ¢rosslaminate according 16 claim 20 or 21 gharacterised in that
viewed in a cross-saction perpendicular to the striations, the faminate exhibits

25  a generally regular arrangement of fibs Which are thicker than the average
thickness of the laminate and have a generally concave and a generally convex
surface 10 form a bending of the rib transverse of its longitudinal direction and
in that the matenal in or aqjacent 1o the boundaries of the ribs in the tensionless
state of the maierial are bent in the oppesite direction 1o the rib 10 give the

30  material between the two adjécent ribs a generally straightened-out shape.

23.  Across-laminate according to any of claims 18 to 22 in which the
madfication further concems the bonding between A and B.




different naterials in the coextrusion die and before the | am nation, and
priorto the lamnation Xand B are arranged in such a way that the main
direction of orientation in Awll cross the Main direction of orientation
in B, and during the 10 | am nation the bondi ng between A @3daBuasy. 2007
established at least in part through heat, wherein in the coextrusion,
each of the said first surface |ayers 8% nmade .discontinous in. the
‘transverse direction, whereb nsi t rands

and B are arranged s6%t haft Tﬁg":éir‘?depaB‘l’ftaaq?;é‘ﬁg%°’8ﬁ5%'9?%‘§"5%5m9f‘?"ﬁ‘é?'ﬁ

contact and ar epggdéd folyendrMmardfavnieh a3 4230 4o ARIghboR RIS A 8Rd & éah de
fromwhich the strands are extruded is selected to nodify the Fropertl es in

the surface of farREC RERBIMANG in Sflanaficychigh g %Hﬁ'%l?yééﬁﬁﬂlpﬁ H@Prt’!*@e”a'
bondi ng bet V"eenwr\ﬁ:@&ds&eﬂ@fﬁcﬁﬁh' feRdié Rtriehain bﬁdti'%!?@%é@ \dyer Ho

A and/or Bis also supplied wit cont i nuous 'second bondi ng | ayer |

i s coextrud8d bepleE! Mattiakeand (IR ich A aif B Bachtis| ipplied with éb}ﬂ'%ﬂoﬂf
second |ayer Coﬂﬁbﬁﬁsﬁc% tiadd Molocifdr dRHrfatcH a@éﬁ% %{:ﬁ&g épfﬁetf%ﬂﬁ f‘tﬁehe

mai n | ayer and e first layer selected to contro ondi ng
and B. 25_ A nediftriealdoaiefialzintbe coaxtivsian divantbefiore the lﬁmlﬂamn.mdmérto

| am nation t hepglf?fan‘nﬁaﬁﬂﬁlks %ﬁgﬁi ggéé{%?’ Fke !a'wﬁ)e’ﬁ{atfh@g%ﬁd‘irgamn of

sel ecti on of mat eri al s adapt stran
strongly bond t eriehatizn ig# wilerogs e main Hwe@m gf qrirntatiom iy Bi and dyeeg thehe

latter but ,gake4neakes "th%BBHE’FnBQ:fg@gléﬁ% ?néggqgk%b%ﬁéd g{‘f’eagffn farp{hﬁ%JﬁA

contacting surfaces rst bon
met hod accor di n§eab WeIR in4hercaBtiug ok EaRh © @%Mtfﬁ%&éjﬁl‘?ﬁ layers i smade

one of the fil ggls%oﬂﬁmfﬁ:u§ irf e 'tr%ﬂspé'rtsetaéréﬂﬁaﬁsmﬁfaréw k& Wols ﬁ@%f%uamnof 30

die. to forma draw-down a tubular film characteri's in t
draw down is adéﬂﬂéﬁ&t@ﬁﬁbﬁcﬁnﬂc@ age argmaed serihatihesiray olgvtrantdsconmA ceers and

bi axial nelt- o @BRHALLARYERE éré%e%?éd‘todig %981 Srafdd 8 t@tdrmh%gﬂa{ehsl

direction of the array '2% Januar strands el ther exten

al ong the %ngi figm wancmw ﬁe'ittans#s ¥ pnuided|igselecissio medifs ther P@PEBI%%" the
rotation betweeryige 8l Bipddifedif, AFMBRARSLSPcdMnihg the Bsn&angrﬁbatééﬂ

t he extrusion, the maln direction of orjientation is made to _exten

helically al ong# R8d B ehactensed naatdnshe FoexiigionRIoFesHy andiar Bopaiso |
under an 5 angl @uhliddRitHR sblinlBGkiseBoRd bBhEIRRIAdrhiaN & dobxifRedivetfddrPn

of the array.
the main layer and the first layer, whereby said second layer consists of &
20 polymer material different from those in the main [ayer and the first layer
selected to control the bonding between A and B. o
25. A method according to claim 24 gharacterised in that in the
lamination the heat is applied generally evenly all over A and B the selection of
polymer malerials is adapted to make the sirands on A strongly bond to the
25  strands on B inthe spots where they intersect the Jalter but make a weaker
bonding or aveid bonding over the parts ot the contacting surfdces, which are.
devoid of any first bonding iayer.
260 A _method according to ciaim 24 or 25 in which the coexarusion of
at lgast one of the films A or B is carried out by means of circular coextrusion
30 die. to form and draw-down a wbular film, characterised in that the draw-down
is adapted 10 produce a ‘significant uniaxial or unbatanced biaxial melt-
orientation with the main direction of 'or'ien"tation and the direction of the array



27. A nethod according to any of clainms 24 to 26 in which the extrusion or
at |east one of the filnms Aor Bis carried out by neans of a circular
coextrusion die, characterised in that the distance fromthe mddle to

m ddl e of nei ghbour strands at the exit fromthe extruder 23sJanbaky @007

hi ghest 8cm preferably no higher than 4 cmand nore preferably no higher

~than 2 cm and the circunference of thg tube at this exit is at |east 20

cm 28. A nmethod according to any of clainms 24 toai7 characterised in that

fol l owi ng the Wfisigands edrst eEendinaaiong e iangikdinal dieeRemh chineaNgeRBRY f or
| am nation, befpang %?5%‘ e%taf.bhmeéhwte&.hogb@ dafHd Wedhs it u

sandwi ch arranaement 0 ‘am nate by lms are further oriented

13y stretching?t P@'Mrﬁﬁq{éhﬁmﬁmi Hel matudieaction of psentaties s madedoexandn.
29. A met hod a%afcéwaua@ ﬁgxuauuarhﬁs %d%ﬂs%qﬁénﬁyf‘ﬁ"e%ﬁﬁ& 'cﬁﬁgpérf‘uﬁﬁlﬁ'tan in
t he second | ayer consi st mer _materia ted produce, during
t he | ani nat fon, angade tee Mmaid dsrtequartaf PrgYATIAN BAd 39 mmncnf the Arrayy st

bondi ng | ayer, but ﬁ?bonﬂ'rﬁ%heﬁalteﬁﬁfn faq@ptolg &Qgﬁs t3e tgoagl o vifich P&

spots. 20 30. A nmethod according to an aractlsrse in
that arrays ofemmaqnlmraatele@@taﬂﬂﬁLtheﬁ\eoﬁ'nb‘bt"h05|31Ié§5°@)’1”eﬂ oiEnby Bneansef & e

arranged on bog; Pcab:d%e)&frus%woﬁél R adlekiddd R tﬂ@@hm&ﬁlétm@d a8 fige afitdle
directly contactlng nd sealed to tThe_ arra respective side

n
31. A nethod actorh Fﬂf o6 Beighbeurc SHARES B¢ ¥rbe ﬁ't P47 & e??‘gu??{ '52§?tﬂ‘§t
said fi rst ur f pigRebagem, Cmeﬂaasliﬂy()'fo higbef thars 4AcrarahdBroce ppifesabdy noHegher

hi ghest 15% pfef egab'y Fﬁ«{]ﬁr&ﬂpeqﬁﬁ elg%c?@ﬁ%mﬁugre';ftqg%@hevas@tzdeﬁa

hi ghest 5%of STUNE 0 e B pecti ve filmA or
according to any of clainms 24 to 31. characterised in that the average

mel ti ng point of theZ2gol ymemmmmommtaaw@mmmww 8(n tdist

et or abl y a1 [S1ePins 3B ARG SR ik Hind 1B SHERY E%%ﬁs%?sﬁ% Mt {ac

pol ymers whi ch tamiation: befdne, afterror manan&a.shamnrtn:e Eﬂﬂamg"& o4l sédndwichod

A B there o SrAoBlflTo Aadinalé ol hehh FF s 275 il ringlen, sreteng

characteri s& i nin mlogaltddrhal anc/os i the tErasaceddimctionext r usi on and t her eby

! S 28.  Amethod accerding te any of claims 24 to 28 characterised in that
in the second layer consists of a polymer material selected to produce, during
the lamination, bonding alse at locations which are devoid of any first bonding
layer, but a bonding of lower strength than the bonding in the spots.

20 300 A r?iethod according to any of claims 24 to 28 charactierseq inthat
arrays of strands are coextruded on both sides of A, and B films are arranged
on both sides of A with the amay on each Bfilm crossing and directly comactmg
and sealed 1o the array on the respective side of A.

31. A method according to any of claims 24 to 30, characterised in

25  thatsaid first surface |layer on each of the fims A and B oceupies at fhe highest
15%, preferably'at the highest 10%, and mare preferably at the highest 5% of
the volume of the respactive film A or B.

32, A methad according to any of claims 24 to 31, characterised in

that the average melting point of the polymers which censtitute the strand

30 formed first surface layer, is at least about 10°C, preferably at least 15°C and

more preferably at least about 20°C lower than the average melting point of the
polymers which constitute the main layer,



provided with a surface | ayer of a conposition adapted to control its
boning in 5 the | am nate, whereby this conposition and the |am nation
conditions are chosen such '"that the strength of this bondi ng becones

hi gher than the bonding strength between A and B at the |23cERnuans200fi ch
are devoid of the coextruded strands. 34. A nethod according to any of
clains 24 to 33 in which the material 4po fromwhich the strands are
extruded is . selected to nodify the optical appearance or colour of the

| aminate. 35. A met H&d ofAmubammmmmpaﬁélﬁmMSr@m%h 3%5513@13@" ly

are forned by 2SR Tl AgnR T BaredE Spphéd a8 ikt cppemararimn in fyeclernation,
- pol ynmer materi Mﬂhﬁﬁﬁﬂ&h&@mfmaiw |sgirgﬂu&@j‘§ |c%e§frﬁ§ﬂﬂt§?\uatﬂgre%y jLrst

surface |ayer fr a Eﬁe“ aL and 8 each
supplied with &"of ﬁﬁvﬁﬁ’%?"ﬁﬂﬁ% Y&hE ﬁ%@ﬁﬁ&!ﬁ"rﬁﬁaﬁ@ﬂ B?C%Ttr@ﬂs@nnomgam
any stage & tenhe hamnmtél Mhérébyhﬁls dbmbesridh ﬁﬁ&%é%ﬁmétfbr\t Qﬁntgﬂﬁfgrg@ on

di e and before am nati on

h t
arranged in ouc geﬂggkﬁﬂ?ﬂtqﬁﬂégﬁﬁmﬁrﬁ%‘éegf‘ﬁwg@fe%&ﬁnlﬁhefathﬁorlhe borading | |

cross the nmai nstiengtit betwedn Ardrithi at e)dcatish Havel
- the bondi ng bet ?%QQFA and B is established ats?}gg:st | ndyggﬁdt.'&{wreou e{%a’“hg@t

wherein in the rusion, each of the said first surface Iayers i s made

di sconti nuous in theqtrarﬁmgm@ddu_p rray
of st rands ? ‘ﬂﬁd B _are, arrangdggmggataﬂw?t&ﬁ@%?&ggg .‘Egﬁl&eﬁgh&}w

cross the 1chy the, JErIASE are nexirydedms cseledtefr mmmnc Ithe heptical

strands are extarplpéephn@ oﬁ@d,lagpgfjth@qamtgy the properties in the surface
of the respective f:;J ﬁgﬁ dification_ concerning the opti cal
appear ance or col our’~of t B"qtﬁ RLMANURCILING R CreRs I NGt CeRpPrisINGanLaty | n

whi ch the pi gmbondedgoiehet fikns bf wmm&&aﬂ&m&%&ﬁﬁh&%%@&é’ eggﬁ afré’

the optical ap according to cl

characteri sed ?‘Pﬁ"t‘e‘fﬁ\é coFgﬁﬁ’%'le'rbrﬂnﬁﬁF OEIaTgie Amainileveriol mipeiyrermateziat by

January 2007 ALi3ee: ArEne0 Ao Rl o S B L SISt U ot

ccording to.an
eri x1 bv t he%%(ﬁrﬁ%me?{]r Fﬁg '"f"é'éfﬂ%?"d B each is supplied with a uniaxial or
unbalanced biax@) malecular erientation at any stage after the joining of the

different materiaia in the coextrusion die and before the lamination. and prior to
the \amination A and B are arranged in 8ucCh a way that the main direction of
20  orientation in A will cross the main directior of orientation in B, and during the
~ lamination the bonding between A and B is astablished at least in pan throaugh
heat, wherein in the coextrusion, each of the said first surface layers is made
discontinuous in the wransverse di,recﬁ.on. whereby it cansists of an array of
strands, and A and B are arranged so that the armay of strands on A cross the
25  armay of strands on B, and the material fram which the strands are exiruded is
selected 1o modity the properties in the surface of the respactive fiim, this
meadification conceming the optical appearance or colour of the laminate. '
36. A methad according to claim 35 in whnich the pigmertation of the
first surface layer js selected to modify the apucal appearance.
30 37. A method according to ¢laims’3S or 38, gharacterised in that the
lamination process is extrusion lamination whereby the banding is estabhshed
by means of a separately extruded iayer.



a) the thicknesses of the filnms used to make the lam nate and the stretch
rati os are adapted to give the final lamnate a general 5 thickness of at
t he hi ghest about 0.3 mm b) Ais ;applied as one surface ofthe |am nate,
c) the lam nate surface at | east on the A-side is enbosse@3tJaniary200
visible pattern of striations along one direction constituted by surface
corrugations with correspondi ng thicknggs variations in A 10 the divisions
in said pattern being at the highest about 3 nm d) the material for the

strands is col oured, 3&nd Ahﬂeﬂ'mltacb‘orﬁh %Idwﬂclaimmmavngﬂg@g.wly
transparent to Eh%vthe cfo ﬁ strands when the |lam nate 1I's observe
fromthe A-sidéDNEREOWING T &6‘9@? of the corrugations is nade
sufficiently deep toapi vetriemidkneste s the hwnmw@mmeo{hehahnaa@ad&@%t
about 0.5 nm di st ant fromthﬁvstm atlo tﬁ%t?m_:‘rret hod according to claim

MGM by the enbossi n§e4C ve itngrfing} lamiaates @i grnesal

V\/nen they have been brougtrnckﬁesgﬁiimfthéﬁ Hedtapédd ®8.mpef ore or after
est abl i shednent of the bondi n throgﬁ_‘e[ 30 one Or nore pairs of mutually

i nt er meshi ng grooved®} ol | &Y'8 8 ByEQ\ﬁF $tfacegfdbeilaginatey al so stretches
the laninate. 40. A epthothexaniinaiersliidderddieat 61 fieA-sife isoe:%Bosgt?d*’(H {ofim

material fromwhich the strands are extruded 15 selected to nod
bondi ng between A and B &Pl R#IRIA Qﬂfé“@ﬁ!%ﬁﬁé@ﬂerﬁn@ directian ematyuted by

contacted to the strands Quﬂfaeesctﬁ'rﬁﬁilc%‘s%wﬁﬁ@rf’éiﬁbﬂ ?Fﬁgg%n%qgﬁpl 4l A

met hod of manufacturing a crosslam’hate conpri si ol'ymer
films of wich at |east ti® #uisipnsonrsaid patem hﬁngatétmhmeet abwtr&mntny

coextruding in a flag)or fidmdteialfbane @Wnﬂs'n@&@hu% %nHCthéé {'n@ﬁfr@k
which is selectee.! for hjgh tensile stren first sur ace ayer

~froma 30 polymer naterial® M"H‘P%lsd#%e%% PNERAFENts e BheW dtie wralburgd
~uni ax,al or unbal anced btm&’dwﬁﬂh‘?ﬁé‘|a?ﬁln9fé i%%%bh%‘uﬁémﬁtﬂ&ﬁ&.ﬁﬂgw@%e%&
e

‘the joining of the different r’rgterla S In the _coextrusion die an

the | anination, and pri or theAspy ‘F‘V"ﬂﬁi'P"S@"laH@ﬂ'@ﬁwyi dreptomve ®ear e
arranged ipssuch a way t hefrapde B appéaranet iT'bedig at least about 0.5 mm distant
fram the striations. |

38.  Amethod according to claim 38 characterised by the embossing
involving passing the films of the laminate, when they have been brought
together for laminatjon, before or after establishment of the bonding, through

20 one or more pairs of mutually |n1ermeshlng grooved roliers, by which the
embossging step a|so streiches the Iammate

40. A methad accarding to any of claims 35 to 39 in which material
from which the strandg are extruded is selected to modify the bonding between
A and B and in which the strands on A are directly contacted to the strands on

25 B and are sealed 1o the strands on B. |

41. A method of manufacturing a crosslaminate comprising mutuaily
bonded pelymer films of which at least two neighbour films A and B each are
formed by coextrgding in a fiat or circular dis @ main layer of a polymer material
which is selected for high tensile strength and a first surface layer from a

30 polymer material and in which A and B each is supplied with a uniaxial or
unbalanced biaxial molecular orientation at any stage after the joining of the
different material$ in the coextrusion die and before the lamination, and prior to



orientation in Awll cross the main direction of orientation in B, and
during the lamnation the bonding between A and B is established at |east
in part through heat, wherein in the coaxtrusion, each of the said first
surface layers is made 5 discontinuous in the transverse d3rkauan200Zher eby
It consists of an array of strands, and A and B are arranged so that the
array of strands on A cross the arraygpf strands on B, and the nateri al
fromwhich the strands are extruded is selected to nodify the properties

I n the surfaceheflattratian Acnd Bereiarmnogdiicisuch a way thasgne maindirgction ofil ar
extrusi on di e ofiRIibR A il Lrodd thBtheifiRRibn bPbrieMatibh 7' BlAnd Lulifg He 2
first nolten polyner materiral can be fornmed 1nto a generally even I'rcul ar
flow, and bodi laynisatien thebanding betweemAandiB sastakiished@tigastimpartthepugiul ar

channel may  cOf MEERRATIEE Rt ST G SRBSPru s Byel s e

mol t en pol grer disetstinudus whredbaasverse girectidn, aehdrebynitbnretists tof\dn arrayeaf e

t he di t ubul fi t t 6 ' ter] in.that i d
exi t par e ar sosCuiH eodAan B BlR A anded e et S BT stpfdy i 4 ke TR

ci rcugf er Ietnt i abrrlaybf uﬁhn?soh ?1 an'dmglmateaiarf;wrﬁqfu;iomh?wrsmdaa?semudgg S
secon noliten po ner. nat er| , Sal cnanne 1 STT utl on system endl n In
a circular ro lSéqdrfPemﬂg'lf’f %?WE&?SQE%E FH‘Q??FE':{)@F\[BFEP(&&HJWQIWD'C“ S
cylti ndri calj_ or caMRdRl in Witbym;rekims_ i tiﬁﬁhlé.@bmwast ‘Bing_i@i\iﬁﬁmti&@tahlqai 'ﬁl[wnicrf\_ :
extrusi on die conpri si a gl stri.outl on par I.n Cc a east a 1i1rs
nol t en pol™Pner ah?@g} Faflt']'gEH?Pci‘ﬁé' PIYMEG "’i‘?‘gﬂala‘:e&bﬁ%ﬁ%‘mfﬁ éﬂ?@r? 9eNETELY gYeH | ow,
aﬂd boFli I(Xz)sepgirﬁnar ﬂmwndelbediiam@e@rmeffmm tﬂiﬁh'nmftmartF(Fhmmpﬁsingulﬁﬁrculalrrai n
channe WL ner cyliLndril cal O, .conl cal. AL CN _channel nm
comr i se a1 ity SEAGHEL b P AreE R Gt RAticE e whilehe AR AL, ™
ma:) elri al f2|5 t oeamgsisara fxt radially dxtawlidg wmetol condudt said moharapatyrnlemetiefalas a
t ubul ar Irm l. - ak . i
conpr | ses a clmar dneat it rEROUHE EWiF Byt el 884 it b Bicidieo
extrusi on & acharactédyedintiaat said @At pavalso cangisises azhaareialistribidresyspmh y ner
material, said el. distri i t endi N a Lrcul ar. raow
internal orifi éﬁ@a% 1 'rﬁurﬁn%%héerﬁ%hte\j\gg}' %Xéeoﬁfg% é:l'r??/gg ﬁr{gﬁdﬂ gg{rggrsqaa&ﬁfc%f; 30
wal | of the rasgcendmaten m!ymrmater@alaazaidMQnselﬁqsmibutie@ew@mwgndingm aim

42. characteri §g§4|%gr%af:me'%@érbrfﬁhéggﬂg%@Fd'u%lﬁ@;&éngémyﬁ&éﬁéa?or”éon%? of

a fewinlets ( e exit part anuary
wall of the main channel.
20 42. A circular extrusion die comprising a distribution part (8) in which

at least a first maften polymer material can be formed into a generally even
circular flaw, and bodily separate from this an exit pan (9) comprising a circular
main channel (12) with generally cylindncal or conical walls, which channel may
comprise a flat radially extending zone, to conduct said molten polymer material
25 towards an exit orifice from which it will leave the die as a tubular film structure (16),;
characierised n that said exit part also comprises a ehannel distribution syatem
(10) for circumferential extrusion of a cireular array of narrow strands of a
second moliten polymer matenal, said channel distribution system ending in a
circular row of internal orifices (11) in the outward generally cylindrical or conical

30 wall of the main channel.
43. Acircularextrusiondie according to claim 42, characlerised inthat
said circumferential extrusion starts at ene or a few inlets (13) 10 the exit pant



and conprises for equal dividing a |abyrinthine channel system (10)
starting at each inlet, each such systemconprising at .least three
channel - branchings. 44. A circular extrusion die according to claim43,
characterised in that the channels of the |abyrinthine sy<3ehmaary 2003t ens
termnate in a conmmon 5 circular channel having a wail common with a part
of the generally cylindrical or conigal wall of the. main channel (12),
the circular row of internal orifices (11) being located in said wallpart.
45. A circul ar asdtconsprisesdoeequalatividing a abyripthire ehadned sygtermy(UY staning a1

characterised in | r S
at least. 10 fﬁcé Hﬁﬂ&hﬁgx%p%gcﬁ%gs%ﬁgﬁﬁpgﬁl%%# Q%M%%’%’?%‘fﬁrﬁ g0ur
orifices in the cirddlar Nmmulaeﬁupﬂ@;ﬁamdmaeplm%rmmmm on
or reduction ich wll e

general ly conm “E“Be‘&%’ﬁ‘@ '%P&W{“ﬂ? d%&gﬁ‘o %%Eﬂ%?mﬁ%ﬁ oau?éﬁ or{ he
strands whisch icicatar anrlmlgslaGMQ @Bwalthcomonaaf wnhlalgarhd the@meerallya:yhnqrmai and
nccor i ng Lo aghGR! BRlarhe Maif sHAandf (125, pfe it B S HMRROBiftet s
for coextr]tcjdi n@eirigelultgtaﬁ :hlsadvmﬂdaste]?lond rr]PIten pol yrrelr materi%al s there
are neans for coextr a circul ar of a thir { oly

material between thé& [?é?% 'hgﬁ 3ﬁc ?a?&l ﬁg'ap'g ﬁ@sﬁf

t he second mat @naaécteﬂéwm;m ztmeciraumtekaica:difahaérhwawcrwamamﬁwuem Rast
joining the flows- of first andthrdma r rovided ejther the
Lot " st budbampand i aghncertpin BRidiedf iddls of pelorERyr GrEeEh b e
separate exit Wcﬁiarrdﬁua gs@w;&bﬂ&cémﬁmi&\aghﬁmm armdasﬂovhwmchallle

Che or each saltFrRee LERpMAL Rpns mAPG eRnel pie Gercrg B5tcaha dfaet e,

first nolten pohyaws to &demtofr heighpenrsDsf wensithridst whizhgs rertak| higieas ® Einow,
2 seand O oL Ruhl-ah Ratfickal s M S0 S HROH A WE SRR BR AR L
channel (199 to cond&t sRiditchiar sximisicnegie Juzonding townyr obtlainsdlds 4%én
channal 1o condituen SARRRRRLT IR rol e RhuT e St afd b dopep
surface | ayer qiolgmer smatenalfs thieee br@meénssmrobdemreumgm teinsulardiowr ohih third
Lonerds e O R oA Reldioy SRS 95 000 i Y B Rel ana e
strands of the second material, charactengeg in thar cnannel arrangements for
20 joining the flows of first and third materials are provided either in the. said
distributicn pan, or In a part between the latter and the bodily separate exit part.
47.  An apparatus for manufacturing a cross laminate comprising
die for coextruding film A and a die jor coextruding film B, the or each
said die comprising a first distribution part (B) in which a first moften polymer
25  material can be formed into a generally even flow, a second distribution part (9)
in which a second molten polymer material can be formed into a flow, an exit

orifice, an exit palrt comprising a main channel (12) to conduct said first molien
polymer materiaj towards the exit oriﬁce and a chsnnel sysiem (10. 11) atone -
side of said main channel t© conduct said flow of second molten polymer

30 matenal to form a surface !ayer on one side of the flow of said first moiten
material towarde the orifice, wnerem the coextruded material leave the exit
orifice of the die as a film structure (16);



44 means for .orienting A and B uniaxially or unbal anced biaxrally after
exiting the exit orifice; neans for arranging the oriented filns A and B
such that the said surface |ayers face one another and such that their
directions or main airections of 5 orientation cross one 2rjanbgry, 2081d

| am nating ;nmeans for lamnating A and B by application of hear, charact d
in that the channel system for conduct#fg the second polyner material
provides a flow of said secand material wnich is discontinuous in a

di rection general | ymeanss{ereeening Keand iy wiaxdaly of uahaiansedhigmaly afles 10
surface | ayers_Q | ormed as an array of strands and when the
films A aad Beg&'gééﬁ?%rﬁedﬁvﬂét h their suffeca ?e; @s facing one anot her
the strands on A cmeansfoeagangingsheenentesifimisi and Besughdhadbe sasisarfege has

material to folHas fiey Y Bibiled b St e ingr Bfcthofs o hiP @i of
the flows &f tbheefiation canss Qsetaﬁqthlem’andr! al's are joined wthin said .
part r;g;ﬂ L\‘Sg?PZ{ Ls°L%@%P@iﬁﬁéﬁ%a*?%@ﬁf#%ﬁ%ﬂém‘%"wgd&ﬁ%ﬁéﬁ 02552 ' dm t
a circular e accocterartegsehin dhatcire oba tsy r dgiuctihgsheassco
Cl i ms 42 t o aBoRiE alhal Blckider Ebd sh aR s 6800 Al BRALM AR Fo el Bt c
bi axi al |y aft ein exditecignt generally iarishese; tombanfiow difection amerepyteaehafithet ed
[T o, S Bl 808 pou (6 ob S BEE 3RS PRSI ARSUHCT
and 25 | ani nat Fgnanioare dmangedrivitihttneyg sarfand layeoy fagipg icret 2mothef theestandso.
ppraratus, ccorl RSkits i Sl fle e e e I addlfond 188 S
to any of clai msratgermeeris f¢l’gpﬂdqidimg ah:é'cnnarﬁawrpf.aﬁ{iim pbipmies nwateﬁabulfwm die
lani 11 oant ety ENPefT AR Ryt picand Harisls wPersil e nelirde 5 apg
ori ent ati ov$ andnirdmalerialstarejoinediwithis saandistrisutiengiamyor im a pantdetaten said
direction of t r&%ﬁnymﬁa;l'alrm ne exit part. '
48.  Apparatus according 10 claim?_47 in which the or each said die is
a circular die acc-brding ta any of claime 42'10 46.
49. Apparatus for manufacturing a cross-laminate comprising a die
20 gccording to any;af claims 42 10 48 anqg ms_‘ans for orienting A and B unjaxially
or unbalanced bi%uially after exiting the exit orifice;
means for:_?i_arra nging the oriented ‘ﬁlm’ls A and B such thatthe said surface
iayers face one 'énother and such that twelr directions or main directions of
orientation cross one another; and
25 laminating means for laminating A and B by application of heat;
S0. Apﬁérafus according 1o any of claims 47 or 49 in which the
laminating means apply heat ac_r_éﬁé the entire width of A and B.
51 Apﬁafétus accord'nrig toany of claime 47 10 50 in which the or each
said die is a c'u'cﬁlar die and comprises draw-down means for the tubular film
30  which provides 'lf'signiﬁcant melt-orientation with the direction or the main
direction of criemation and e directicn of the sirands exiending in the axial
direction of the ti;bular film.
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23 January 2007 45 52, Apparatus according to any of clains 47 to 50 in
which the or each said die is a circular die and conprises filmtake-up
means which optionally rotate relative to the exit orifice whereby a nain
direction of orientation of the filmis helical along the3tkauhgr2007] m and
whi ch further conprises cutting means 5 for cutting the tube at an angle to
the main direction of orientation and 4% the direction of the array of
strands. 53_ Apparatus according to any of clains 47 to 52 which further
conpri ses neans for $2 et ohpparatusadoording 1o anyaf Gainps4 ¢ seh indenab theceneash

at the sane point 1.d | am_nat | ; o ' ' ;
fransverse 1o 9 B o cHBhfer gl angl cAtFnfiBa fir, ity Whduh ek ot
to 53 in which frhmte selativgimtherezin sriice whdaghyed majorditdraionsali afiestatioacef the

| ayers in A directly, contact: aid surface layers .on B. 55 . r.at us
according to an?'?'Bf'QIBFEW?W ﬁ?@?”rﬁﬁﬁﬂiw %ﬁ'&ﬁ flirghgrci%mgpﬁ%oﬁgﬁmmeans
conprise neans frer capihgUie ngb@ at 3 driié B thaprain ket viem of bentitichas® oaper s
of A and B. 56.5,0?0 ar at gs accor di ng@tﬁ any of clains 47 to 55 which further
conpri ses embos 'ﬁg"ﬂ’é& Ihe Brred fISYEPAS fi1m A downst ream of the die exit
with a pattern of strgati ongp&@NS attbithdiYo GiHy HDIIMBS4ANE SD WGP Altierg
20 thickness variations in film A, th the-st -iations being separated b
no more than 3 SAWMPIESES AERLS 1% '893??15"‘?%5@%9 URBURAM TN SRa™ of at

embossi ng means né SakrRoilieth P EEid RAThaind MeaRBANS |bAgilalinaIRGIdNGr tiansversé
and B and conprises, one or nore pairs of intersecting grooved rollers
whi ch stretdh t FSEPRs passing 25 between them 58. Apparatus according to

any of clainms 42 to H4.whisppamidaccorinpnt sy o cldimsdd® fooB3phoapichngeA,
a channel system at each side o

sai d second pol ATEISRS g1534° ﬁ'ﬁfagtagfeﬁ':’ﬂr&i t@%pggg%ﬂragr%%h I? ; 5&%&?%“&%@%“
transverse direddi@Buifbcs s onfBce | ayers are fornmed on both sides of
filmA as arrays of stfandg and el ebnids b dhiP ot Bid29%6h 4 in which the
16  arranging means comprise means for extruding a iaminating layer between the
surface layers qf A and B. _

56.  Apparatus according Yo an.(y of claims 47 to 55 which further
comprises emq;:ssing means for embassing film A downstream of the die exit
with a pattern of striations constituted By carrugations and correSpondan

20 thickness variations in ilm A, with the st-iations being separated by no more
than 3 mm.

57. A;Sparatus according 1o claim 86 in which the embaossing means
is located downstream of the meana for arranging films A and B and comprises
ane or more pajrs of inlersecting grhaved L,roller‘s which stretch the films passing

25  between them. !

58. Apparatus according 1o any of claims 42 to 57 which further
comprises |

in the dig for producing A, 8 channel system at each side of the main
channel for A v;hicn conducts said second polymer matenal in 2 flow which is

-30  discontinuous ln the transverse airection whereby surface layers are formed on
bath sides of film A as arrys of strands and wherein a film B is amanged on

L
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23 January 2007 46 each side of filmA with its surface layer facing A
whereby the strands of each filmb5 cross the strands of A o the side which
faces the respective filmB.

23 January 2007

46

each side of illn A with its surface layer facing A whereby the strands of each
fum B cress the strands of A on the side which faces the respective film B.



