10 FEBRUARY 2006 WD 03/074264 PCT/ EP03/ 02827 1 Crosslanm nate of Oiented

Films, Method of Manufacturing sane, and Coextrusion D e Sl.ii tF%ﬁJlﬁgAIQYTZP@G
Process The present invention concerns crosslanm nates, i.e. PEMERHASY &

films of which at |east two are uniaxially or unbal ance | axl
oriented, WR%M74% s the nmain direction of orientation &r&éﬁé&@#g%{hese
films crosses the main direction of orientation in the other one. Mre
specifically the invention concerns modi fications, made in a suitable
pattern, of the surface properties_, of e t fil on the surfaces which
are inside th&nogsiaminat Hggé'reéte‘igf{m?d e&“@é@ﬁ Mﬁ’ﬁ&?‘.’t“fmﬁa@%a?‘io
different practical purpoggaxfl Wb Osuitdble it thdPFd&dgs f or med

nodi fi cati ons. One wel | knOWI)’(I ms) i fi catllnon o?wi nternal surfaces in a

| am nate (al t hougihenresenttinnritipnuoadermsrcresstersinatasn aé elgninaias offilsns n

I nti text d ti tt f.th f which b
Pt ernal”.  Thid WK at 26t the 8 DAl Br dopalRBcre Bl e e KDY o dur i ng
use. is pe anpekdin Qlrekith o RARIN ihDrdbf tREYONRIERAGs¥s theinfaiet hod, but

limted to decorative, sales pronoting patterns of criss-crossing coloured
bands by whi cfirectien of paentationy inctheaikenaneriite sreoficetly 8 invesliissti t uted by a

enbodi ment otV EpEsdpEle i e etk BRI RTer S b ropBHEs™
t hr ee- di mensiginiaé tvd filnes ormthel durfacel which slesinsidbeite |antirate ol saregar ds t he
| nportance of visual effects in products, made of gallastlcs, reference is

made to an arRQneeg tpgagpathen Bhate aestweidensat Prastioal PUsRESesHf MaRinga|
Effects f@an%ﬁH?a?%ﬁ?Form\éfﬂin%iﬁéaﬁ‘ib%. “(i)nstead of considering an exterior
0

sinply as a cove r conmponents, nmanufacturers are 25 using it as a
mar ket i ng t ool to Qhd wel &nowanwdificationof irdenhahsurtacespradaminadtgat i on" .

Modi fications, _pf the internal syrfaces in.a.crosslamnate,. made in a
sui tabl e pat rRroI RO sR RGBSR F R RR T B Ttod 8 Fhor ove ¢ e
t ear propagatdeddrdtRel FHtiit 6n ohBios tifdalifade8 WHIeh BEcdrhe WMtéihal NTHES el ., and in
30 that connection a general explanation of the known crosslam nation

t echnol ogy witExt GalieEn gannoibggubled pliitke lespeate dINGMSS; nventi on, the main
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)nstead 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



10 FEBRUARY 2006 WD 03/ 074264 PCT/ EP03/ 02827 2 purpose of the invention is
to substitute relative expensive or |less efficient process

cost nodification of the extrusion method. Cross-lam nates Jﬁaﬁﬁﬁgﬁg%gzb@¥%s
fromsynthetic polynmer materials have been comercially i nce
1968, then“Wﬁ?ﬁﬁV&gs described in s the inventor's pateﬁgﬁgﬂﬁggg9g2,976 of
May 23, 1955. To the inventor's know ed the total annual worl dw de
production today anounts to about 30,0 tons. The cross-lamnate is used

0 parti cul &t B3 DANRLh AL BATSIo SONSIADRSEyd BKRAUIENG oB08fclhner S and

simlar prod al's'use €se Cross-1am nates have

been 10 nmai nrgcesidstaps byrailowcopompdifibytianef tae@xfrasippmegtiibene of different
types, often nodified é?%/ bl endi ng, and the old and present manl.iuf acturing
processes conpri s&rPpglatipgtes st ogigptaddilmg from syaheligpelkmepnaterialy aw- down,
I's oriented LAl e A [ 1,0y ol ' | j;Ag this
tube to a mr%é@ﬁqlﬁgnﬁdsrﬁrﬁgﬁcﬁmgip&g%f@n&o ég?éléégl?ear% @%Lﬁl%%’s!{d %Z&Blﬁlégslﬁ and
conti nuousl y the imeemtors patgnt @BA) 762086 siMay\ihd96b.t Mottheinventdrts di recti ons

of orientatiqgn criss-crossing. There.can also be included jn the |am nate a
film which i Knoyicas g tH%I?HW‘@Jﬁ'W@'%H@%ﬁ@?mgﬁd%?ﬁ%ﬂqﬁ? BT e i1 st
conmmer ci al i segh bEE tHal Ohe BasebnRate s e8e@in PaitiBLIBP as intustriaf bagded tubul ar
film which is nelt-oriented mainly in its |ongitudinal 20 direction, is

further col d eaveesheebdainguting, Poadreers ard pimiler preductfe helical cutting. In a

| ater comrercial i . di . ' JS- A 4
(Rasnussen), each Sﬁ\%b%cﬁgﬁer?%?%ﬁaésd%%egclxﬁf ﬁ%es % (9%saé\7 ‘%rﬁ“é@téf g’)’&/} g% %\t/av% |ﬁc h

contr : buws) rraiaignlyyarﬁdlnattetmamenscblyapylbhelrmurpdlypr:bm_em@?‘{ di&‘éﬁetrﬁ It;q?e;si n?f }3 er d'_'t he
mai n | ayer" nd at | east one surface | ayer er el na r "the firs ondi ng
25 | ayer") aﬁrﬁr@aoweﬂ@vﬁw"ﬂg\@rﬂdheiol%a'aﬁ' é’f@?@”? MEREachiingh at | east

partly takes pBbasesRbniiRB M S1oBadr BRAlaindlaBnBARRLA! by RERBwAIgrFoeXt T uded

on the filns, exterior 1nt am nate. These special |ayers
are adapt ed tis onedieidymainty indtsriorgitudinal directias heficallyecutting hia kipedegeci al | y

Ty L P e e
stretchi ng beaftiingwb driindte SapiAMWabe with their main directions of orientation
criss-crossing. There can also be included in the laminate a film which is
oriented mainly in its longitudinal 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 least 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 prdperties 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
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further stretching is carried out when the filnms have been rﬂl% er
in a sandwi ch arrangenent, bonded or not yet bonded to forrﬁlﬁa am‘?‘l%?%.%é}he

films are hjaxially stretched at a relatively |ow tenpergtit&soss,shne
transversewgg(én}ﬁng%g%t of this biaxial stretching takes place @etween gr ooved

rollers. In US-A-5, 028, 289 (Rasnussen) d US-A-5, 626,944 (Rasnussen) this
stretching between grooved rollers has been further devel oped. Practical

ways of carryin t e | i tii di o] ' - A-5, 248, 366
(Rasmussen) . H’H.ggag%ﬁ Ii'%i lgg\é%s%eﬁﬁﬁghé{?gtr?ﬁ{éﬁ%t'grc’%grlﬁcﬁcg& Vk’ﬂ%%ﬁg'ﬁp chni que,
namel y that tieebdsd iought logether rea sanswidk drrsingbn@nt, tednided|or yioeydtendi ng
nelt orientation while it is drawn off fromthe coextrusion die,

establ i shed bRondegdpdeinya lamingte.ohhefimseane Rigaly siretshed gha refativelyngd

subsequent |y | may be parallel with the axis or nay be at an angle
as to the nai ltr?“@?ﬁ@%ﬁtg%'of orientation. The process nay even be adjusted to

produce asweb in \Whetranswerseacomdoment of this biaxiahstreehingotakesiplaceon wi | |
become perpendicular to hﬁ | ongi tudi nal direction of the web. For the sake
of conpl et eneXEWPENFRWEF 'MNES be nentioned that, in very early patents,

there is also di S%W-s,bgsmmbﬂnp&yed)%ﬁh U9ngblerdi 9rd (Rasrfuseshent at ed

polymer filmmaterial can be discontinuously cross-lam nated and 'bonded in
a press. |n athpsr geedehingietwesrsgrweved 9liereihas beemfurthesslevalepedescri bed above,

cross-| am nat es of | fef [ i eci al ,
advanced product S'P%ﬁﬁcgé’%\éaﬁfssigsftcagrpﬁig(aﬂ%&/ﬁ{eer@él&ﬁf@%ﬁpé%&&ﬁ%&@sgg?rgar t-nolten
25 stat eiare [8uA-8 218386 Rasnaussen)i Tiis batemtalsormenticrd amditarnative | am nat ed
already within the extrusion die b ans of counter-rota \i/vgtgadi eparts.

However, thi scqtmt%hntﬂ‘@c%@ehﬂ&agﬁhgg%‘f'aﬁ 4mheAn Be proy! 3 he present

commdi 115 o K aLh e A B o e OB %y i gh

punct ure st r edigt éstablisheidfty a eslative wpatipathatweer thesexihard thEndiehand - seal 10

FEBRUARY 2006subsequently the cutting may be paraliel 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 and
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,
advanced products. They consist of polymers which in molten or part-molten

25  state are fluid crystals, and which become oriented and cross-laminated
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



WO 03/ 074264 PCT/ EP03/ 02827 4 strength in a shear-type seal is adequate when

a suitable lower nelting polynmer has been chosen for the suyf r f
the | am nate, while very special precautions nust be takeniqﬁﬁﬁkggﬁ%ihﬁ)
@%ﬁ7usually

shock-heat-seal strength is requested in peel-type heat- Ff%ﬂam

needed for WUt al bags s supplied with such heat-sealg e

precautions are disclosed in the i nvent/?r' s patent publications

US- A- 5, 205, 650 and WD A-98/23434. As nentioned above the cross-|am nates can
exhibit a particular high tear pr.opagation resistance, however this is
inder the GortiAGBRING SECerdURERar! 5 ABAHHE IS SvFHGINeTIEg (e

unbal anced orpghat haybééh ehesenol thél sirfdidaliaydrs astr@nlarﬁme,cwrhi@vé‘woss' ng of

the main directions of the orientation, one filmw have a tendency to
propagat e t hespesigl precagtiens mustee taendhgoethshaskrheatisgalwtrengtieitd t o propagat e

the tear in %@g%%éd% gg&ttkéépeaﬁ%‘éélgbé’s Vé}%u%ﬂ?pﬁ%&#d%iﬁdﬁs@ﬁﬁ% to

elimnate the I'ng t ocation orces are concentrated,
and if thes taupgtieswithsushiheiatseals! hese prevaatioeedre dibelosedin thel | "fork out”

under a | ocal, delam nation, and th "notch effect” of the tearing wll
st “be. ol | YFRIPGYPaRRF Bk BHens OS-ATb 2 Guash an YVQrk SRS ne
"conpetition" bet $he PSR ClaShiryMid i |

del am nation, and t ﬁeeﬁﬁ%eem ve foﬂrﬁgecié)srsﬁﬁﬁ]é%ggﬂé:??rﬁ %Xmﬁc%étrtr??/d]téfgmgb/oi d a
rupture or fltear ptopagatioryrasistandtd, bowelercthis is ubdenthite qondiidnedf ani t h t he nai n

direction of orientatiqn. The said adhesivye fgrces re (still generally
Speaki ng) | ndeSTALHPToNEHE s andtne Dueap e i ce rferialion wafEar
cohesi vey for Ciagiviiual filis"ant PieQd?iRbidrossihg bothk Meaihidireclionskitaes, when al |
ot her paraneters are unchanged. As a consequence of this "conpetition",

"thin" crosslenfinttioss onefilm &1l have astendancy o papaopithedesr inage 25 _
propaga’ion & ugﬁ%ﬁgtﬁ%t i il Yol Mr ébeiﬁgﬂ@feﬁ{irﬁaﬁtﬁh%i%ibﬂn' Thi s

is much less o emTtor crosslanmna 0 ayers. For bags
this . conpetThereby theré willbe al tegderady to@lisdnada theobotdirgat tHhenoeation | ed bags

|l t subjected to del an nating f. whi ch, that a |
bondi ng. st r erURFedaR [HESE AR EANCERIIA T Nt (STenR s SHGEPHKnt for 30
tarpaul i fs, cQ¥RbuRdRRICiHe @AW '%Hk&fut’ptﬁr%r'%tl_écéfl’f&ie%?n%{ibn%g\osﬁﬁj ected to

repeated flexing during use, e.g. will flap in the w nd. a matter of 10
FEBRUARY 2006 notab aftect] of et tezomgmpt) 2lroos e eliminated.

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



5 practical experience the inventor and his |licensees have found that in a

tarpaulin made froma two-filmcrosslam nate based on conbi nat |
LLDPE- and HWWHDPE-t ypes, each of the filnms nust be of a gau@eﬁﬁ}%ﬁgwlzg%t

45-50 gm 2, ot herw se either the bonding strength or the pagati on
resi stanceW?ﬁmWé“unaccept able to the users. These expe%ﬁgﬁggéﬁ@gncern
tarpaulins for "static" uses where there_w ||l not occur nuch flapping in
the wi nd. For "dynam c" uses such as cover over trucks or goods waggons,

where the tarpaul.in will. be subjected to a,strong, repeat fl appi ng, the
gauge requi regrqcbc eH??ﬁ?e&’.e' ‘6?’&%3 Cgf“éé'f:?o%e%thvﬁg{oﬁ?ggﬁt'n Bnvention is
to sol ve thi stappgltinemads Sofh@two-fiing BrdserimiRdtepRGad ioprtontisihationde and an

adequat e bondlggpbet ween the filnms can be achieved at the sanme tine and in

a practical whiDPBEvandHMMHRRE-fresasaeh efthediing susk be of agawsedf@bn with t he

solution of RepRovs JRAIHAGAPLANHR bbfiing Lheh@HER RS s constructed a
circul ar coextrusion e 'capable orf coextruding, | a practical way, an
array of strapdpagation tesisibrage Willl by uranteptabe athstusery i Teses  al so an

obj ective of the present invention. In GB-A-1,095, 479 of rch 3, 1964
(assigned to ﬁmedenggﬁpam%m%rpayw fonveiatiouses ¢ &here mal NPHREAYF obl em

uhi ch has_beefhylaBbhing 3 yRPMHR: FOafiinoeustl R Duodier 806l t,BIgH ng ¢ he

films to each ot n-spots or |ines and we I ng them toget her over
the rest of tpeodowaggtimwhera fredaroaudin véll besybjected/ taeastrdngn depssted al | vy

bei ng better ﬁhan atﬁtrona bond/r(lf bolér/]ﬁg‘? .., This enables the tear to
"fork.-out as.?@ggg'i EFEHBR/IY PG IR amgrﬂ)%fnd ar eas, Wnilga an overall
del ani natipon is prexemdbRetiwy of fie presatanaetidn P solve thi®prdblémsso fae t he
strong wel din t he patent suggests heating, ultrasonic welding,

appl i cation oﬁfga taal WORRIRYANTESISIMIGP st ary agenualy bpadinp Lebrvean E\getfﬂr.nﬁ
s | Ehe” e b SEhRGedl K R LRI b EERATD, RO 28, 1000,
crossl am nat esrosslasinateaoplos) gaugeappl y a gel of |ow nol ecul ar wei ght
D e o P Bl i B 5, PR e Phidnga Brasil fen® ©° 10
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



xyl ene by heating and has forned gel by cooling. A thin layer of this gel

i ncluding the solvent is selectively applied by printing techni gue before
the strong welding is carried out by bl owi ng vapours of tol b‘éﬁgBBpAiW@Wé
t owar ds thewz)ioll’/{);%%rfaces whil e they becone united between rollers. 5

Al ternatively ere is added a mnor anount of a slip ager\’FTfESOJt/?}f’ﬂene or
xyl ene, and this "contam nated" solvent is used in simlar nmanner to the
gel. DK-A-1017/67 (de Pont) published of February 24, 1967 cl ains
crosslam nates of filns bonded in spots or lines, (which may be two arrays
of lines for#Y'8Ge &Y heetinaepdngs friados! by Goelng.of tf‘WéaE%ﬂfi’@F %8tea is
(quoting the ; castl i J ; achrr ds of
carryi ng out {r&gjdg@%g}eﬁ%ﬂérﬁté%%lg&yre%%fag e&ﬁ?g@ﬁgghen &u%ﬁ%ﬁﬁ%ﬁ% sts in
appl ying a cabmongivelding iskearbed det by ilowing depmiurdf tohtanerar.xyBines appl i cati on

is said to take place.b |1 _kno mefhods, but jt is not further

expl ai ned, A @%ﬁﬁ%&?'ﬁﬁﬂiﬁ%ﬁéi 'IEQP%V {)‘?%95?? HBH?q'nbeth&eQd'P@‘?fsar eas of a
surface X5 optempitioélytthérefis ladBedvBirfiRocSmeunt s .a §IR) dgumtdo Rudrndmat i on under
pressure at an el evated tenperature below the nmelting point of the film

material . A t Wleaenhibe ‘oppiamminateddeelventieysed ineimigr meenertodhe gek carri ed
out by treating t f : i ] ona
di scha)r/ge, f ol Pom@g'%aloﬁ?ﬁ‘?ﬁ(g |Fgoﬁ1?)tfﬁ{§)é'r§h%&r é@g%pédag?%gwée%egg esra t enperature

under the 20 prIstiangngtes nf filnod borded in lspotsedrdines) (wHich aly bedaseaarays of
rollerforned el ectrode, connected to earth, js su&gl ied with the desired
pattern (whi cHNeRiPrHNGA gt PatiRp} whity thedestrfithe santackaies; is JuUatingdh@r ge only
t akes pl i Pt i y i ing film
surface iaigoecoﬁ1 oat'nﬂata ?ﬁgﬁ%d%\%relfhml %@ﬁgﬁt'i ?Eﬂ%rrggﬁ]bﬁﬁ IEBlf Sg’f?’ﬁﬂgggf@ﬁ that this
treat nent reqbondingamspétsectines agndivelased nOneicdnbists intapplyirg acity is 0.5 m

mn". In the above: menti on | at.ter ng,. US- A- 4 4 (Rasmussen) in
which 1 her o | SRRUERTIRE P B0et b seP TPy, Joie SPRIaicals RN Ehe 11 st
bondi ng | ayer taketacbpned kabdAnerstho®d, bubf iacturBer exgainedg bond/ weak bond
adhesi on systemis established by using different |amnation 30 tenperatures

at the different |beaePahIEHOd pRNsiEHmEe@ingttha selactadaiegrof @ sufgget he use
Shoe sy 5 OB B88 ALekd Bl A HRcE Bobel B iAnE TR S ERREATY
and surface | apetevatéd Eipdratuas beletv thbenelting 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 a corona discharge,
followed by lamination under pressure at an elevated temperature 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 locations of the laminate. Thus in example 1,

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



| am nation (in the foregoing called "the first lam nation |ayer"). There is
establ i shed a weak bondi ng sinultaneous with transverse orientation, by
taking a sandwi ch of the three differently oriented fil s se\f’ﬁ#ﬁﬂégemw

t hrough 5 t of interneshing grooved rollers. The pitc rollers
Is 1.5 rrm%‘é(?&/%ﬁzl%h the width of the groove anounts to 1?6?/£r%¥é3g2%gt he w dth

of the <circular "tooth" to 0.5 nm Between each passage through grooved
rollers, the pleats forned in the film sandw ch are strai ghtened out. These

stretching st t ake place, at . 20C but still produce s 10 bondi ng (peel
strength 1o garrery deBtdttS: Rl pientalbn bt rbuBod lRBra BEVALS SerRNEeana The
effect of strginsiRatigh (M eB forgRiihg Eallf ttied filshRansBNIh R§eERITRetis 20C the

filmis passed once through a simlar set of grooved rollers with the sane

di nensi ons an@stehligesks weal bopdingisdauiéanaoys wibdrangyersepgrianialian by f or ned
. one . rESHER . el o e
e o o bog HRRPY fich oF il ¥rdd G B AR Al kT ent e

cr osslda_m' r5a'éll en;eit Ofi?tfp@thiwglgﬂed\_/qmﬂoﬂl Iermd'l_"he pimh[]dfekiemlitolleﬁs B ubningrof process
in and i nmedi ately foll ow a circular dje with two coynter rotating
dieparts. Ea®RicHithe Mada %B’gﬁ)aﬂ%’e 1YY memrﬁngdﬁﬁl"‘f'%% ith® an array of
ribs, 20 arra PSS I he
counter- rot a’??ﬁ?‘st &gﬁﬁ%@.é@@gﬁ%\&é%éﬁ an(?%l %ghrgppgfr% rlrtt?ge%h one of
the ribbed ftHengledisdomeed inghe fitnsaodwighdré straightenedmaut. becone | ef t - handed.

The two arrays of_ribs are .br t.. Lo t of her or | diately
after the die exiTﬁ‘esgn%?%gmﬁ?%Ee(ﬁ%atﬁé%p@%@ﬁ@ﬁw ﬂﬁlt':?@agf)eo?%rﬁgﬁere t he
ribs intamsechofdifd (Psel etrérgth 1161% chihaiul e thet inBmatcsmatt-beweed tfd | N8 spaced
apart fromeach other also in the final product. Melt-orientation with

cri ss- crossi nmsyarchihgrafiest phiteaicing deerafpgatherh Aftes dng sRYCHBRSA08S &t | ows
e mosonn e BERTI PELAE BReA PSS S PRI 1 o
subsequent or sameaimemsipnoard ntermmeshaty, dut hedted F-BRUERWIZDEBY théf 33/ 074264
e AT R AN T IR | A
To the knew edgsntefl. t he i nventor, none of the above nentioned
In EP-A-0 099 222 (Mercer et al) 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 array 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.



met hods of mneking strong bond/weak bond or strong bond/no bond adhesion
patters in crosslam nates has ever been used for commerci al

al t hough the principal, great advantage of such bondi ng systI(ebr‘P(tzj'ﬂ|§i?nlrj‘!“ﬁg}200(S
crossl am nat es has been recogni sed for about 40 years. }‘gﬁl/ﬁﬁ%/"?ﬁqh of the
proposed mdthbd*itve serious drawbacks. The methods whic Use

organi ¢ solvents for polyolefins, especially in vapour form are 10
connected with health hazards unl ess ver expensi ve nmachinery is used, not

| east because it |s difficult to avoid traces of the solven to remain in

the final pr oduct ThEREPGEES FoRYP ERRPYHAINRIGERRSnt ThefIIENS ARG BRHIbSt o1 | owed by
| am nation Bgﬁéust%fgﬁégéﬁe?& a8 qu & ienBlldants Bt Werof the

pol ymer mat er e production capacity is very
| ow. In commrerci al Tpthalknewledge bf thleoswnim nanesf theratlmmmdmﬂlqnadses such as

e.qg. tar paul i ns, and cover sheet m pat i Io 1t st bhe. about 60
s or o ERetTe SRt Weas BB ot Shind BofnkbatiFaaSied

nent i oned s i nhafemtih @fosakprihates ek ecveﬁse@mhs@@fortcbmn@cm protlucadsl 150 cm
will require 20 900 kW which of course is not %ractlcall y possible. Nor is

treat ment wi t Althedghotherpsincipal great:advantaderal sesls bending$ysieims indust ri al
production on.gJ nﬂﬁate§%§£%eem§céftﬁfse%f foP‘aBgStr )éeaa?gl LR Q¥ IR N9

techni que froma %s ersion vious strong surface
treat ment, whéwe ;bd@po@@dl meﬂ'ronEhavatserlbaé drawtm:lkyefr hylmsﬂbom whighympakepy| ene,
normal ly a very s%ron at nent ﬁé corona, adtherefoethls method is
not econoni caMSepPt Agel 'CA§ YSBRET keﬁRﬁﬁﬂa riNYBPBWYCH8n@%®no bond

pattern aghi ey ﬁ’netb)(ed %tﬁp%é@rﬁ‘hai%?‘%fn?és’ér\%?y BhkddnsivaanbERRby i§ L88d Shot

differential shrinkage I pattern is a l'ine or pattern (incl 'udi ng a net
pattern), andlaast becasest istiffigat tor agid katemokthesokvenhtd tgymaimirf therfinal i al

shri nkage can_be ¥ oided if the areas 10 FEBRUARY 2006 WD 03/074264

PCT/ EPO3/ 0282‘9(25j " strong bonding are snmall dots, but in this case the

product gets a dotTed praredcantr tvéutﬁbnfrmya b@ttérﬁpfdﬂ@W@ﬁtby [&miridiiennor e t he
apparatus needed for adequate heating in pattern to a controlled

t enper at ur e i YN RIEPHERENEABGE Pebbelaw tmmltm@p@nb@ﬁtbeppiym%r matgral. si nce
the lam nate [ugiyXBHRIGH I B bragtctbr Badiity $904S 10, $h 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



heater over a |ong passage w thout any displacenent of the |am nate taking
place in spite of its tendency to shrinkage. In the unitary crosslam nation
process with counter-rotating dieparts it is, fromthe poi ntd IFBRYARY 3p06

strength, k that filmformng and 10 nol ecul ar og} i are so
cl osely cogf)(?@aw?%get her. This makes it virtually i rrposs?%f/gh?gb@gi | or - make
the properties for different purposes. Fyurthernore the inventor has found
that a crosslam nate which is entirely uhbonded except in spots, exhibits a

relatively |l o i el i nt_and_hi tendenc cre N i ion

bet neen the o Ra iR dts, SRIERTH s GERyel b el 7T .
The ai m of tt’@pgya@@mgwhi@pimy b@uhﬁleb@arﬂr ovide an inproved and sinplified
strong bond/weak bond system for the cross-lam nate by use of extrusion

and/ or provide it Firthermep theeapraietur asefed fuaderuatecaatingd® 3,y sini | ar
co- extrusion. %%{H%a'da}‘ﬁ\f}ﬂ%%’%’%?@éﬁﬁ r@é{ﬁ,g@iség ”rag{%%ll m@nj’&hél ng nutually

bonded pol yn%r I''nms o two n our and B each
bei ng coext ryalecityfis lhigh, sireelthe daminbteymast reainéan contacbwith hoksbdis ariaal | y
ori ent ed, wherebry the main direction of %%pintati Qn .i.n [A Gcrosses. the main

direction of NGAPEAYELA IGRIAFSEAM Wt RNY aormment of fhs lamipiedekiRg of a
pol ymer mat erhgte ﬁ.ﬁsa@ @quset@nﬁéﬁcrgﬂo%'ﬁrih?%gﬂ.l e strength (hereinafter the main
[

| ayer) and on eac mai n layer o ts side which faces the nei ghbour filmA
or B at |east a filndhhe upitaryaaresdlapimatiosaratess méth aounteigetatiag sliepantsébich of

the films A and_ B is a .discontinuous. |ayer consisti of .an ray of
coextruded t h‘.snff%'f‘rtﬁme'”q@ieriws?ﬁqsﬁ@”&h' g %Wé?&&ﬁh%(’]‘g?ri“@s%ﬁct ed to

nodi fy the preBRicli®DrieRttiba a3 sédidsafecouiplddiegetmpe Thisaaked ibviriliailp

nodi fication concerns either the optical appearance of the |am nate or the

bondi ng bet welgtPoasipiritogailanmeketigpterediss fondifersnt pumnsepcurtbenr@es27 10
pccor dingly. 8 infEnGRidbuAl HRUEBEILMITMe WARICSSMHIATLABARIY L e

i nvention, which |amnate conprises t ove mention and B (but
there can al sexdeet inspdigrexhiblitss fetetiviely Ibarnjieldtpejnt ahdarigh Braescetch

coextruded in a flat, or .cifpcular coextrusiaon die, and.,each comprises a main
Coverof a5 Gatiba drdetifn hEtwaEn S T Bedieg o reRfRRTRHE R &y engt
and the gBoveanfimstbi@iesl first surface |ayer nmade froma different material.

A and B are i
The aim of the present invention is to provide an improved 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 being
coextruded films are uniaxially oriented or unbalanced biaxially oriented,
whereby the main direction of 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 (hereinafter 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 AandBis a
discontinuous layer consisting of an array of coextruded thin strands
consisting of a material which is selected to modify the properties 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.



each supplied with a uniaxial or unbal anced bi axial nolecular orientation at
any stage after the joining of the different materials in the coextrusion
die and before the lamnation. Prior to the |lam nation A anEP%E%BQAH‘P{r@HE)ed
in 10 such_a nay that the main direction of orientation in Awll cross the
main direX?&W & orientation in B, and during the Iani nBtTER%% ¥ bondi ng
between A and B is established at least_in part through heat. The
characterising feature of the nethod i sl% hat in the coextrusion each of the
said first surface

| ayers is,made a di.scontinuous | ayer (discontinuous
transversely to tr{%C%glapfye_&ﬁhSr{“%tPOQH M?ngﬂ??urE@n@P#??ﬁﬁé’BPag%gf&b?ay of
strands, and |Rehtith, WHRRHRINMiASte c‘&r\?prﬁ%é% o BREGNEYYilMsak andBr@nged to
cross the array of strands on B he method is further characterised in

that the mmt eftiese can slsovie forthenfilms indheltanainated A pod dtiateseanhl easxtradedh nodi fy

concerne.ei t nir® PRt SRt PO sl B, 5R3BEE c¥Retberbalth B Eha bondi ng
bet ween Asandp8yméhmateis aihicH istSttedtey firthightenbils btremgth enaishé Beotndi ng
properties and ains at inproved tear pr opagat i on resistance, is further

char act er i sedmeatorqcfifsisynacs layes madafomea fillererdmatiapbch 8nd SPon of the
met hod for thig., ga%viﬂwoé)gﬁ{]aisaﬁ QPUﬁﬁélﬁé@d%axi%ﬂﬁo?e%ﬁ%tor?@ﬂ{a?ign%?ncerns

the optical 25 appearance an ecorafive aesthetic purposes, is further
char act er i sedanystage afted thenjotlirzg of Be difereetr mbiegiath imghs icoestrudion tie pr oduct

are stated in _clai to 7. As co nt, on the peed for interesting

decorat i ve ef faLpetore fhe Bmifcr, st g u gt A F0GH BFe SREROHE r aw
materi al 19avi BGcHR WD tathBmaiA dRebiic Sibritntatrd iRfA Glgebatidwabipd film
often froma comercial point of viewis offset by negative subjective

j udgenent s. Adiregiiogxaippieataligniic &, end sluring theeiBRunForPihedoNADIteRar 64

PCTI EPO3/ 0282 r ' ' f C de froma 70 g
m 2 crossl am é‘a%é Et(’)% é)sg%'t%lgsﬁte é?tge(ﬁ{t/g{%@f feﬁlrg&ﬁ ﬁ%%t hl,ﬁ é(:ﬁagégtgﬂ%ﬂgl y adequat e
substitute of featdrB@f thamm2ticar isdludtiin thedeextiusivneadchusfitie saiidfirstsuacen t ape,
iIf only objective criteria wer,eaqlied. S However, in acfual fact the

r

average custo Presp'é 2 giscantinuqus,awan (Fiseontinyiens tiansverss Yl the a great
L i e e
the array of strands on A are arranged to cross the array of strands on B.
The method 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



appearance as a sinple plastic film The problemof flinsiness is reduced by

application of the inventor's earlier invention described in '
9314928, which briefly is explained below in connection wt Homgﬁé““

speci al enmbodi nents of the present invention, while the pﬂ(ﬁ%\@\%ﬁgh .

appear ancewé’s“%w‘?ﬂml e plastic filmis still outstanding.
believed that the pattern of criss-crossjing strands in the present invention
wi |l convey the nessage that this is a chlossl ami nate and therefore of

ial i t th., | t hi ti it b i th that th
Shttern | of calTba (el T RSB ot wePauhedE Bosra T8 Tmatrasa B BRE Ie i nst de
it. The sligbfiénteBpotyctslistad filrRakoQa befa fulg aBaglae Bub¥ltutdof $1@0 gl nher ent

result of the coextrusion technique, shows that the lines come fromthe
fil m manuf act o¥’darpawdinmadef fremextrusicarcoptadivovan tapeoif enkyrohigstivepl i es. Al l in

all the patterp I ndi that this is a crosslam nate and therefore can
be expected tSHtgﬁg“ée[qg@ﬁ’gﬁgiurthermre the pattern will of course be

unaf f ect ed by abr agbasver, ih&steslFaet thataveragesustongst to agribealtraniansdiginss very
susceptible to such, actions, A large proportion of the crosslamnated film
whi ch i s manufMakesihischoes (Rt oRt gxtenhar thekasis ot bediredla aethifiger sel y by

passage betwe oS f=0 Ht-er \i K ; «see, for
et ance. t hoope Enes, el 158L g 70 o RA B RY finsiRep i ISP, g
t echni que i n appearance as awimpleqiastid fdmi ntegaroblemesf flifisiness iaredueed e

stretching prpcess,.w,/l | | ways gi,ve the.crossl am nate .a re or |ess
striated appngé‘HB'éca(ﬁGQ 053193’@\/’@% ﬁ@@rl@ém\’&é@?rﬂ gﬁ§°r&ie[dHné&&r"§’sppndi ng
thi ckness gvar ba4 490 wicH st'efiquen?vemed oI MecaHdcBOR with oy dfahé ons even as
smal|l as +/-5% becones very visible due 10 FEBRUARY 2006 WO 03/ 074264

PCT/ EP03/ 0282%pacialieinbedimestsiafitike presenyimventiare while ére protiers ofiow sur pri si ngly
found that th i naki.Qn.of. ki L. at; ' d strand
oun a gp%%ﬁgﬂb%?%gf}@ggle a&l%ét?cfﬁHn&%ﬁﬁﬁHggéer{dﬁﬁ;E%&va&r% jgurea strands

inside the |la ronounce nSional effect. Besides
bei ng an i nt peksiedritbatethe pattemhofodrissaonosding sicandslinitios ptesent inskeatiormakes t he

observer feel that the lam nate,i.s much thjcker th it really is, and
Chor eby i t - colMtETHEY 4N e agi it Iis B st Rl ta GBeTRsedra B SPApi | &

;! [rﬁl Eef"&%?t | tréndth) I tHi$ corfRReibA it dahnReseinBNPieQl trRft t18E pattsinf ur t her deal t
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



In the coextrusion process, A and/or B are preferably also supplied with a
continuous surface |ayer (hereinafter the second bondi ng Iayer# which 1o
for the purpose of the decorative aspect can be coextruded el REBRYARYH08¢
the array Qﬁoﬁﬁﬁﬁﬂﬁs or under the latter. For the purpose_of the bonding
aspect the secon ondi ng layer is coextruded on the nainPFagﬁgmﬁﬁHer t he
array of strands, whereby the conposition of the second bonding | ayer is
different fromthe conposition of the mdfn layer and of the first bonding 15
| ayer. Further for the purpose of the bondi ng aspect the second bondi ng

| Ir p ) g .
layer is sel dotrefieqtionsbdgble, TRAUINVARIOE Ras NaVSHERMSHIIY F3mgithat thPso at
| ocati ons | i ' | | %)6"3“ i ' wer
strength t hﬂ@ﬁ%ﬁé@oﬁﬁf}’tﬁﬁtﬁ%eﬁ?é g%g{@&h '?’ﬁlggtrée}?ﬂ(}) aclg?)l?gm@g%tngn% e present
i nvent i on andproteces aguatoumade thra@-dimendioral ifebio dBekidembeipgfaher from any of

t he draw backs, nenti oned, aboye. The nethod is very sujted for co rcial
nmanuf act ur e df‘teé%%m%&%?t ng%b‘??&%t{}agscuﬂﬁé' %'t&}sé’ rﬁ%k?‘ﬁe tq%sﬁalféf i nvol ved;
t he extragcostgt temamirfe i AuER it it FehINii$ MarRithera)y iPesititeraca! | over is
negligible; extrusion, stretching and lamnating are in essence separate

process st epsthediegntive subjectine judgemprentapatithisjedimple Pasticdési 76 end use; the
appear ance of Jdgy (RERINGLDBRG Akt RULAAL ddMMilDBe@ly cCt of differential
shri nkage or otte appearance; and conmonly used machi nery for

manuf acture of cringisé svexialstch pravesse AusreliomB tahe préfyrabheaipesapplizdaddi ti ons
to existing cgextrusion lines, as shal {f@?e expl ai ne% bel ow, 3

For
opt i mi sat i on \With centRRRHSRHriRced e (herenafter thaRRacaAt Oﬁﬂmﬂ?‘\éﬂg"‘ﬁh@h that the
pattern | ad | 58 | A5t r , 10
N T R e e e g
appar at us corntpeissey df lstrandsns uhder thaiatiedi frgr thecpurpese obinedondiend bondi ng

extrude thi s TG MeNRgeRe PR HLO A e o T E T e L8 on are: s
a) each spot sy 6f stimds! WheEDy e Ebmpbsiliemei the seaad Bohdinglaksts each
other, b) each area in whi ch both contacting surface parts are devoi d of
different from the composition of the main layer and of the first bonding
15 layer. Further for the purpose 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-backs 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,



any first bonding layer, and c) the areas in which there is first bondi ng
| ayer on one of the two 10 contacting surfaces and no first_bondi ng k{% r
on the other one. Conponents a) and c) together formthe ne]co%palflpé R: §6

adapting t jng strength of conponents a), b) and c) i tly for
di fferent t%%@?ﬁgigf usi ng the sanme machinery, this bondi ngcp@%&ﬁéﬁﬁcan be

very hel pful for tailoring the properties of the crosslam nate. 15 Thus, as
an exanple, there are certain tarpauli n-13 ke uses where the gauge shoul d be
brought down as nuch as gossi ble for cost reas but where te

. ns, r
or opagat i on s PRARAHNA GACKI Y AR PRPETEHA FATRIISEa s neans for firidRg (e
i nportance,  ap@nibradlsd QiR BUhdflIeg8st 1l S4B RrApPREREWM daid OW

i nportance, but ere the resistance to del am nation nust be very high due
20 to fl appi ngneans mey natredwaysbe haed taedrugdedhisdayerbond/ no bond pattern is

preferable, and t coextrusion . ecan ndi ng. layer is omtted. The
mai N conponent mar;ﬁﬂ) Sea%'[)?‘? éf(?"}%‘g gﬁpé p%ﬁ%&&ﬁgggﬁlogﬁguder and t hrough

i ts own channel sysyemeduhispdh Shete oo thandeds fingieyonaing lahereugterdsee channel
system whi ch otherwise is used for the second bonding |ayer. The bonding 25

is established as a str%%@@i ng in the spots (a) where the strands

i ntersect each ot hgy. Ié‘écq\tg}g%éﬁg@gct% SAZEESnt%aﬂéé’g%ﬁ?c%eé“%ﬁQreetfév%;g(:%fsh a

strong bonding not " only Int S ) but e areas whi |l e
there shoul d be sone bamydirsgboriding &ayer,amduncedl y weak bonding in the areas

b). 30 Thi I b hi eved b i hoi f I terial
fo the first and Secoriegbrts ignisy s {3 3 headibd vier b B&TEe wfhai no 10
FEBRUARY 12006 WO 03/ 074zfifadting/ Jei@d349 484 Ao Hist! aRing Ta§ér & tHelstheCome

applied). The conbi nation of Strong bonding in a net pattern, and sone but
weak bondi ng over €Cawmppeentsd) anke) degeiherfodndsnet pateny. i nt eresting pattern

O e i Bl i YA SRR En, SRS e
del am nati on ifferergigrfer diffejertiueps dalt &isipgehe samednactinery| fthis bovedieg ossl am nat e
Sti11 Do hel dsYUgE Aoy Seimeonioupb taetiosunine fossgtate. -
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



wi || becone unbonded and thereby | oose the aesthetics and to sonme extent

the yield strength and creep resistance. io In contrast, a ﬁgg W)
surrounded by strong bonding in net pattern, will not be a}[iﬁ ?{A(C)RYQOO6

propagate an accidental delam nation in such a manner. Iﬂﬁm b3 shoul d
be menti on¥& PHEY%Y here al so exi st applications in which e %/Oezs??;
conbination is: is (a) strong wel ding; ﬁ){)) weak bondi ng; and (c) al so weak
bondi ng, but stronger than (b). Preferably each of the two filns A and B

shoul d mai nly_consi st . of | yet hyl or. | ypr | .ene 9. the main | ayer
can advant agﬁ%\tﬁm}‘%@f 8%W§$§’te Qﬁpl'éfﬁgﬁﬁ? Ci’ﬁ%ﬁéﬁ%ﬁ%ﬂgﬁp@nag@qng magt wo, the
second bondi gt Ea&errn, an@isoing but wielaRonbig oviet theadiat st thecared prodlie¥sef a

copol ymer of ethylene having a nelting point or a melting range within the

t enper at ur e VEDEINRIESEHIE pajtereof {gmination eisyaliybefteribamptjoeaarelomelding of a
copol yner of ; ' - ' N ' r ithin the
t enperat ure icﬁ@rﬁ/ﬁ\ﬁg%vgék ?gaeleﬁgdrvtegﬂ% r(%%t:] @ftﬂébctrﬁ?oﬁé%)ﬂg%raggﬁa LLDPE
cont ai ni gy atactielestall? s¥rtdd dalamirstiod wilbpehenaily propagaté sterrewiderayeaiifi ddl e to
m ddl e of neighbour strands in each_array should normally be between 2 mm
Bnd 8 cm  pr AHRPRSITHGAR G fRAETaEn e o P BRI BRI i gher
than 2 cm 3CrhEmMBaNAsMObe heRNBEBtHeR whBR: fi9iFe 6Bt-ReldEBaBuHRE rést peel i ng
(carried out on narrow specinens at a velocity of about 1 mms-1) should

normal |y be Ml FEGRUARNMbOTIS M ivrenuipese HETaeHOSICS BRIt o1®ma extealst 40 g

cm' and the ndi ' re b) simlarly determ ned at the
hi ghest 75% tﬁ%y%ﬁ%{(%ﬁd&lﬁ%ﬁ&%&é%ﬁ%n%& 50% of the bonding strength in
(a). Unlike the cimashteast aiveakbdading istrreatidéeby spbrad bogdidgemaet s and s
conpri sing criss-croll'T‘si ng arrays of ribs, nmentioned above in the prior art

descri ption, PEHEM. ¥6¥ Bakke akPwed (aRreragats aBRIeIdNtalIAelamingtionInasHEE at t he

| ocati ons wheygahhs strands are coextruded, should normally amount to at

However, it should be mentioned that there also exist applications 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 mainly consist of
polyethylene or polypropylene, e.g. the main layer 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



t he hi ghest 30% seen relative to the i medi ate surrounding | ocati ons,

preferably at the highest 20%and still nore preferably no ﬁﬁ%ﬁi&%g?{{g 10
y

The coextrusion of one or both filns A and Bis preferably

means of a_circular coextrusion die, to formand draw dom?c,lgpgog}égd ?r film
The draw d&®th?3%*%4tapt ed to produce a significant uniaxia 4l anced

bi axial nelt-orientation with the nmain direction of orientation and the
direction of the array of strands al onglthe | ongi tudi nal direction of the
film 15 Alternatlvely, 4Ahe orientation and the direction gg; t he array can

be made to ekl 41k9 coa and Bedepdingstiengtl) Brareps ImHadndelsiminede| at i ve
rotation betygag rﬁér:rf‘es?’fs% 8lt braferdb® rﬂﬂ%Fé‘@uaﬁWﬁ of thel BYFRlirtPsthdiyth1 | M

after the extrusi Subsequently the filmis out open under’ an angle to
the main dirieda).on of orientation and to the direction of the array. 20 The

di stance from m ddl e, t i dd| f _nei ghbo [ t fromthe

extruder should ng\#ﬁﬂiﬁqﬁgﬁggﬁfa'ﬁ'ﬁép%ﬁ"ga%%‘?%é”bﬂf& ﬁgbgﬁ%?ﬁoandhl gher than
4 cm and BOr ecgthefigihgetiys-bsBingleraystinbe, mehticid étme mmpmﬁ:&mnce of the
tube at this exit should normal]y be at | east 20 c is also within the

scope of the d?ﬁﬁélﬁtlp'&rfh?d’@ﬁﬁ%tﬂ@hl%ﬂﬁsﬁllnlﬁﬁé?h,@féh\%lf””%AlnﬁrB)ﬁﬁthfIat di e and
b th di nal
655t e L0, UM Sl 1o 00855, AR o ool 10 1

inventron is not
necessarily Ilhmm@hbstm% beert radatfviel tokhinwnddiBte amtowaiMQ:tmpﬁmrsse three or

| [ t t t
A S T T
or B-A-Bypn whi ch Tﬁ@cé@ﬁ@sﬁnnl&o'ﬁ%%?anl%@ﬁﬁaW@é’?ﬂ&é@@ﬂly%Qﬂﬁ&ﬁ/ 02827 16

filmhas on both of its surfaces an array of strands, 1.e first bonding
| ayer and prly eeabk ¢f aloisular se@drusiaodiai iegformaed. draw—cbmmmbtwftlmbl e

Appii o a1 olbt ClSRwEE FpeBR 0 Pocick Rt ST heffbed o 7e

produced by cigiaxiaf mltcmne@mlonsmtmm@ebamm’mndedfw.éﬁnaﬁorsandme Iayer of a
conposi tion adapted to control its bonding in the | am nate.
conposi tion aWEEaten 9f e AAY ShsiEns alPae helergitydaaldiegHen Pﬁféﬁe ft"ﬁ‘e strength

Pbcat oty MeBUEI g BRBERR R DS A S e Madsto 2t (e
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 middle of neighbour strands 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 longitudinal 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



10 del am nation of the additional filmis counteracted. The surfaces of the
| am nate should preferably each consist of a |ayer adapted to |rr£rov
heat - seal i ng properties of the |am nate and/ or i ncrease i t s1$FEB péﬁanOOG

properties.y yers are coextruded in the filnms used films in
t he | am nat eéldfpm rmal ly the nol ecular orientation in eagﬁ%@%%ﬁq%épand B,

whi ch may be wuniaxial or unbal anced bi axial orientation, should not be
limted to that achi eved in connection Mith the extrusion. There nay be

carried out a_ further |longitudinal stretching prior to the helical cutting.
Al t er nat i vel yfilgy hassemp prinefiissuffaces @nmaranof signde ieuatfiisl besidingleser by
stretching in rthe transverse direction

fol |l owi ng theaﬁ]?%e?n%gn@;:% O%@e{&ﬁéd??ﬁ@géiléﬁa. sandwi ch for |am nation. This
may take pl ace aftlerarbtfmrtwaabletmraﬁgegwem cerapdsisg mubwe charatwafilgenkent to a

| am nate. Such S are el ves, see.e..g. the.above nentioned
WO A- 9314928, @ %E%E%rﬁ 1544 k&’é‘aﬁ‘é?l’&bﬁip %T%ﬁﬁx?&ﬁt%%{&?"mdﬂé%%&?ﬂﬂ? with 25
the present leai@rmmqgalsbrprbb@céoaﬁy 6@é)&t@@udﬁ@?ﬁﬂ§&hér’é@y%)?di\ﬁ(ﬂ\é@wltﬁaA can be
directly sealed to the strands in B, but alternatively t | am nati on

process can beurégeerlagsroif a ¢emporiionnadapied hsontred ltb@ﬁdﬂtﬁ@ in éh%@ﬂufﬂﬂtﬁs hed by

el £p03/ 020291t oRBPRER PGS it Blon SehqR lTerEadl S IRYRTIS 4 cna &

shoul d occupytrergtirof this bamdind ¥ highef meabrheybamduhgstrbngﬁmaﬁtwé@% aioB nor e
preferably at the Qr}ghest 5% of the volune of the respective filmA or B.
Except for t hettepiQealirns Wik arerRaweid of the seextiHaad srafidsolus @ont i nuous) 5

surface h%yer &Qmﬁrﬁa@noﬂfofftﬁ@aéalhéﬁgflrﬂrlﬁﬁfrftérraﬂeqsurface layer, it wll

al ways for e sa easy oOr | nprove am nat1on, be advantageous to
sel ect the corrposThe sxmfaﬁestdiéh@tamndempeldmbferablyrmphtdmesstmfamkaser

general |l y speaki nelt a erature t he |n Iayer still is
oty sol © 0. 24eiea tq feroud b SRlife b Grhe ImBalS el ch
constitute thpcrdasantd-ffietidrl pidbdriiesst S 1bpsre draxc@éxtr@wﬂuhdh@ﬂrnﬁml ly be at
| east about 10C, preferably at |east about 15C, and nore preferably at

| east about 20%Sd aewter filss inbe aming
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 directly 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.



mel ting point of the polyners which constitute the main layer. In this
connection, the "average" should of course be understood as _an aver

taking into account different weights of the constituents. TAREE WU@&@W@
strands co 0% of polyner X having nelting point 125C and 80% of

pol ymer Y Rgl\l(/)ﬁ)trs\/g]%rzr% ting point 90C, its average nelting pdicERRPPIE2he 125
x20% 90x809%97C. For the aspect of the invention the purpose of which is to
provide a strongbond/ weakbond system of17 ami nation, and thereby a suitable

20 conbi nation of tear- E[r opagati on-resi stance and resi stance to
del ani nation, a fNpimally thepaiey £f stardeaneariehihesiiosiAdand Brabwticoned. I n

this .enbodl g‘%({% she%gﬂqgw%re@?é&g ﬁ‘{e%laﬁé q%%té‘ﬂot {Dhcan be called a

bl ocking, is €s nean ymer~addi ti'dgn I'n e second
surface | ayer p:dferabtyoétwnehnghpp%%sofmls@dolameanfdlné respectivefiinng driB.m  This may
25 be referred to or a blockin ent . éfh addition is a

h
sticky pol yner, 'g 6]‘(&;?@%%{5&%&0@\@& thgreris) qosf#thgeﬁg SPSen AptindRiSiol ecul ar
wei ght,  wai Chgﬁﬁ%la%ﬁ@rﬂ@?r@%é Qtrgh@fcﬁ‘ﬁ%dtfﬁsttéﬂ'u‘?fa%é”%ﬁ?% wﬁfal% yE¥spl e of

anot her suita urpose atactic polypropyl ene” can be
ment i oned. Thihe mkelof@fasy i Enprodéed iamnahmulbe acfvantagleses rtmselbet the hi gh that

30 the sealin bet hIS se sur f nd the strand-forned first
surface Iayer @p?%ljf thf@”ﬁ@élﬂl&ﬁ%% at {y@ysgﬁ‘%?'ﬂfw %2827 18

Tur ni ng now tment@ath@érammtwmmmmemgw@sﬂm@mmy@ahd TRREAR@Nce, the
strands inside the | am nate shoul d be coloured and visible fromone or both

si des of the P¥RREAMEHINGPAHRSOLNP PAKMesE dichepanstiie the stendfoipgdar s an

[ nterestl g, [ S ef f ect

when ¢ he 0y ¢ ASLGAERYE SouBicpialy BY ol HeSfaboll (ORETBRRARLORAIGRL UL \°7

enbossed i n aabtuti " €damhirioes preférabbjpatrleasi abenb2@Enener fEgcthéiavaldge for this
' res |t of the transverse

purpose is not nornall necessa Ru%
stretchi ng befMfE? Rf! PB'IW@%%W (ﬂ?nlsﬁt(':l‘geythelrga‘v\n 8%y used in the
manuf act ure of Croﬁﬁth%@dﬁﬁb@ﬁbﬁ &méﬂav%?&ge@ sBouRf Rolifb eI A9ddt s as

EP- B- 0624126 ( Rasrrussen& IS possible to make a crosslam nate, which has
a general thi sRageggedaking lntn@Chogﬁ@hﬁerabb\uelgbtscaafﬁhqz cepyiugntas Thes ifhe
SErands Bere 91te étFaEF‘:%E C%RQ gf of 20% of polymer X having melting point 125°C and 80%
of polymer Y having melting point 90°C, its average meiting 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  bereferred 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.



0.5 mmdistant fromthe striations. The wordi ng general thickness is used
because the striated enbossnent causes gauge variations. The 0qeneral IS

t hi ckness in a span extendi ng perpendicular to the stri at i ons0 ERBRPARY2006
under st ood verage thickness within this span. This enbodi nent of the
I nvention ivg:éo%/r@g%&speci fied, defined as follows: 20 25 §5T/5‘)P°3t/%§27l am nat e
has a general thickness of at the highest about 0.3 mm b) A forns one
surface of the lam nate, c¢) the | am nat e!8surface at |east on the A -side

hi bi t i si bl tt triati | jrecti tituted b
Curface corrugat | BWETR SO NeRbBTRReR T LAICBREeE AR BIeAS i n A the

divisions in é?;bébr@ﬁéé,%@ shehdgindldetthe Iélﬁi%ﬁeséhcﬁﬂkﬂ)bé c%ldlﬁﬂéd th Uil hin
strands are coloured, and the rest of the filmA is sufficientl

transparent t ogr@w emeotb sidasrdddhetaminats. isdras dlecadydigienanentianegbser ved from

Strands the aBBiaPRREGSA Pistelpchroraigs B Bt Bndieecns 1 com the
striations. 1GintdrRRMREPAE GieVOVEH MeALphcB CT (HePRAINAS rolgh Tendiat i vel y the

t hree-di nensional effect is explained partly as a psychological illusion,
and partly bythendrangisiare eleervad isempassashis & riatesrpatieln.cAsePRMRIC ar r angenent

of structures | r ' ; ; el il ' I cal
col l ection | eﬁ@@?gﬁgﬁcﬁﬁﬁ%%‘%g le/jl:':P(?l%%dé)ﬁgtnses. ”gt?\%gﬁg%ae'f',y&{t%gé must not
be under st oodbe@xestit bEtheytrarsivarse stietcHirgnbetsvesnygrooves rollersewhinle tadeyr act er  of

prisns, or there be .an _alterpation_betwen | -1i ke se ts and fl at
segnent s. The'se‘?‘r‘ggs)s/lf%'nﬁt&?“?%%c&re éﬁ'@s\gﬁ n%@ﬁgi@n?e%?@i QYH@Q*: or may be
nore randem 831 4ENaddEP-BUIBRS ST (HasniuseBhseveral pairs of grooved rollers
interfere with each other. io Watever the explanation of the

t hr ee- di nensi onal kig pessibiayo make@rgrossiaminate rwitiels has argeneral dhigkness
significant ags éttthélh?é%e‘@t Ebo&%%ﬁ{m,fép%@& bg if the strands were at least about
0.5 mm distant from the striations. The wording general thickness is used
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:

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
pattern 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.



exanple. A particular strong optical or psychol ogical effect of the
striations can be achieved when the |lamnate, viewed in a cr S '
perpendicular to i5 the striations, exhibits a generally relamﬁ?&&%%
arrangenent. of ribs which are thicker than the average thjckness of the

| ami nate and FAVE4 generally concave and a generally co%%?%@?gfzéce, o)
that there is forned a bending of the rib transverse of its |ongitudinal

direction, and further so that the matdfial in or adjacent to the
boundaries of the ribs, when the nmaterial is free 20 of tension, is bent in
t he opposite directerdativaly thedhreeydimengional effect imexplainrd RFEXBRA t he two

adj acent 11 bspg AeReia s BhgREARAT ANtaqRftne Tiichd o sglf Ts not

new, but a nmai-n featuré 1 n bove nenti one
(Rasnussen). &lterhativig pabegemeriteof strupiises which very afgsrokisnatelygiandet he | ami nat e
essentially i n

, tiff ' ] di ti . t i ] ti 25 with
e coent | MRAER A GIRATE ohl iR Sl Sundibay PrSRERHRSr
Particul ak aepbigldCtrié hRet Aot uAdsietodl (66 BirRYR kiMkethet IBRsEOMaY e  t he
strands is forned by a pignment which supplies a netallic lustre or an

i ri descent ef ha thevherasterefqiises;, of theie maydieoan gltennatior bafwaenver y

expensi ve, but_when the a | cat, | S, [t ' t ds this is
rat her 30 unfeﬁﬁé'g?ﬁﬁg%egﬁszé%%ﬁatt%gnt segﬁ'g%%&hlgg%rhgwﬁg%?é&&gy can be
greater than gheeralyf Eewstastfdidsionyer mby be darerandoraf agwhehhev th such

pi gnents. 10 FEBRUARY 2006 WD 03/074264 PCTI EP03/.02827 20 Thus, accordi ng

to an aspect OMbesENeHs&em spveralrais of grepvsdirabersdntesigre with ggah gther.

manuf act yring a crggstay IS | kel | M8 Of
whi ch at liIoeast t wo ne#ght@ﬁ% %@?ﬁgfdgsd é‘ﬁlge @H%%?Lﬁg?ég%%gpﬂégﬁgb’@% rudi ng
in a flat or ovector has undahisaiany signdicaot asit ptdoywirappeefromlithe whi ch i s

sel ected for hi%q tensile strength and a first surface |layer froma pol yner
material, and®f Rifi ch A and B each is supplied with a uniaxial or

unbal anced bi axi al A geheidriroRgicpAbald: @Ry eHolahiiaIdREPoPtoRdRsicah i g of
the different nmaterials in the coextrusion die and before the | am nati on,

and prior tobeRehipyed whendne Janinatepvigwedin ranerfisedionRaipendigyiat teat  t he
T o 550 okl BTN b b SHRBROR TR R O o
establ i shed athidkeatiian the@aetaget thiokngss dfcthé Jaminateaahdhaged genetatigt i n t he
coextrusion eé‘é’nhca% atngea gséar;e(j#aﬁ)j cr:oSrEvex surface, so that there is formed a bending
of the rib transverse of its longitudinal direction, 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.



surface layers is made discontinuous in the transverse direction, whereby it
consists of an array of strands, and in the lamnation the array of strands
on is A are arranged to cross the array of strands on B, andocﬁ] %W@@d

i n that the Afilmis provided with surface corrugations #éﬁ kness
vari ati ons VPP t s coext rusi on, the divisions between i Bt ugat I ons
being no nore than 3mm Preferably the surface corrugations are provi ded by
transverse 20 stretching of the | am nat &9 by |nternesh| ng grooved rollers as
described in WO A-9314928, sq that the feB rﬂa e. has aurface
corrugations and T%s@c?%g@gttﬂénr?%’?ch%st ?l“’l‘)’@(ﬁ‘“%d\/@re iSrRIPYASH AN, ¢ hi s

aspect the rfaﬁq%fﬂoalofrﬁértmwnhﬁ@atda@sstérﬁnafbsc&ﬁ istvrg Fridesllyi sorlaijour ed and t he

material fromwhich filmA is formed suffici entIy transparent to allow the
strands to bepalymiebfins ofovhictzBt lemst wvoshelghlgur filtes PearichBe@ch iare fatmetdor egoi ng

it was stated_that nmo.nl sed., hi,ne fo factur .

crossl am nat eEY 8%‘?‘?‘”15@ pﬁlem Or&Hmdtehé ﬁﬁg}%@ﬁ%ﬁpgfﬁ% ?n%%réalt 0 existing
coextrusi gn | ywhRH is E&eéteaqaﬁn@n&eﬁéi@ StRett asd afirQfsutfage |@fer dpnPd st rands,

t he di scontinuous first bonding |ayer. The inventor has 3 found that this

can be done bRoly@er Agtefjrbcand 'nwﬁlchéth%ﬁ'bIses%e@H\éﬁtﬁ UiaXid Reparts at
the exit of a UARY 2006
WO 03/ 074964 MR EBiEHsONbBEEF BliEfeRbn REEN Sieve e RS ginkfla SHFBY Y
extruder, but diffeeens traderitds a the cuwtmabhyile)awpgfoomthe labonatichy, &f@ pfioeach of
the extruded fi , _an therefore this can nd in nsi ve
extruder. Suct tbgi?ff‘@@fian dsé@f%@r@% 'rt%mg'é" Wﬁ%at t@ 3%@5‘{?& on die
accor di ngpt 0 b&drttRIM ih FowiiScrds & tHeorbiml dirdetioni of 8ferstafion FPBPARSHREhE
distribution part in which at least a first nolten polyner material” can be

formed into athgdamingtion the banding betweerf A@nddhis astanlished @piaast B parbm this an

coni chl vl | stroidT et didhgslefEed | Aof P8 Sopit TR B RIRIBYCLTT o

nol ten pol ynesurfavedayark is madediiscontiedods iarthé traasfdregdimbitidn, ihenehy it | eave the
die as a tubular filmstructure. The special feature of the invention is

that said exFRNS{seTan §Ha¥(91fr§§r?%‘é% a&%’h&?ﬁt'@[“’@%ﬁ?f%rrayc‘? SEREEPBNL i al

extrusi oRs A are arranged to cross the array of strands on B, and characterised in that

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 [aminate by intermeshing grooved rollers as described in
WO-A-9314928, so that the entire laminate has surface corrugations 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 machinery 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.



of a circular array of narrow strands of a second nolten polynmer material,
this channel systemending in a circular row of internal orifices in the 15
out war d general I y cylindrical or conical wall of the main cht) RUARY 2006
preferred Nt the circunferential extrusion starts at one or a few
inlets to e ex part and conprises for equal dividing &“T&BYY ¥ hi ne
channel system starting at each inlet, each such system conprising at |east
t hree channel - branchi ngs. 20 The terml aBbyrinthine dividing was introduced
in US-A-4,403,934 and refers to a dividing of flows in which one flow

di vi des into @W%ﬁ%ﬂ’tﬂﬁ@ﬁs aiso negd 4Pr erengpore extprderoputithe stiandowll di vi de agai n

o Lo D ANGm9 ecBPbriy BGH DsbbLoacindEARGAEPYER) Bhy being cf roul ar

and parallel 10 €ea I'S" shown n order to nake a
particularly tﬁbmfdbredhrsteamee betnaﬂeamdtrhexperﬂsmermdtruderr Sucteadaptbe didsannel s of
t he | abyrinthin or s tems may termnate in a comon circular
channel havr n%je}eié g) ith a part of the general «cylindrical or

coni cal of tfﬁd@t m@eéccorﬁﬂ?gﬁthﬁ%@ntrbﬁ% afc.rbmarerems.or?areflces is
| ocat ed |n sard art. 30 This coextrusion die has been conceived with a

view to the cramprising ardastubuttdmepaﬂ oohighviat keast aﬁrstmentpﬂlmer eaterigt r ong

bond/ Kk / 03/ b
pond/ no bond FMAETEA nid d7ALe LRI BFe Ao AN BT SRR AR be & meed

for a conti nttﬂrssaﬁéﬁt)ﬁélrtb@ﬁ@h@rﬁg'aﬂﬁfularﬂ?@h%ﬁ@hﬁel witregéndrally eyligtigeagbl y in
addition to the nmeans for coextruding the said first and second A nolten

pol ymer rat er@308c8h Melis dwiIchehARNE! ShaycemRiseR fgt 20ne keednduct 3¢ of s a
third myben AehINEGN AR Rididial Qi o 6t QickRord Whith ifRfiRELA ehi ch |1 s

opposi te The secon nnel  arrangenents Tor | Ol ning e flows of
first and thidid aseambuhirﬁrlrars&um.lmn Tleel specitildeaiune bhihesavehtibings thdbut i on part,
atter and the, bo In the

h
G e Mhe DR Al eRE e o el Tas At Sdtemiie” SR TALpaR g, | 10" he

lleast 20 cm @gnfcikdigarchirpd rfovPSrdRdEbres $etofiFRbIRMSolabomBeial or i fices
inthe circular rowis adapted to produce, after the rragnrfrcatron or

reduction whhisehanngl me@nﬁfngtln@ Gleaulas rew of firderngl ArideRsNAdne are general |y

coni cal ;2 b3 ARFEedd Al BfehEal S S Gaftor B ORCANG! the strands

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.

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



hi ghest 8 cm preferably no higher than 4 cmand nore preferably no higher
15 than 2 cm The die can al so advant ageously be applied in the production
of polymer filmother than crosslaminates, for instance car tYFRBRVARY, 2000

decorative of coloured stripes. Besides the above I oned
econom cal \29%{%{4%6& nanely that existing die designs caﬁgﬁ&tpﬁ;g%g”with 20

addition of cheap dieparts and a small extruder, it is also an advantage
that the route of flow fromextruder t®Zie exit becones shortest possible
when the inlet for the second nmaterial to the die and the entire

di stribution B9rd enstrorg henrg/ne hendiaminatighpaiterngi and fRndhisPURRSGARISt | on of
the polyner b | | . : f nl et eness
it should be Q%ngp%ﬁgéé)kﬁeacg%rtgéog%/gé%t?fraabn%@"{l:qgray h#e?eg@%}éﬁrg'dtgg%lgl nms A and
B for the desprdfdratlycnesisition toahe mezhs faraestuding the aaidiferst arvdestohdom a f1 ow

whi ch passes throu%h the entire dis ributisgfn gart of a coextrusion die
paral | el wi t hMoitaR POyMSRRLNatgials; prayiqedapeansiQn caexteiding,g cyeu 86@‘?‘%8& i on
since these st ' : : | cerstitute about
o of eaon Py moRen BRIl s B P ot e B MBS e o
may al so be t oppaxitertbe setaiy matarkal.nEhagsel emangemenés e giningdiae fikvmidf or

equi val ent distributi.on systens, one fqllpw ng after .thi t her, and each
ondi ng 0 a clis ARG HNIRD R A Be R g et el I8 seleia BytoR prrtydtdn

above- nment i ongghaft pedwber fReiaeBRanE the sy isegakpé wREpafthe final branches s
and the internal orifices. Preferably each such |abyrinthine system should

be fed froma sepalhdbe digrdhe cissumiaaence of fiae iwrig wall afdlel oyt isrripleRgblmal |
extruders., Thg Ibgétﬁid‘ﬁ{g, g@c’i wuetcﬁgﬁn)\%’@?{i%@pﬁﬁfoﬁg AR 6t H%ihé?é@%iﬁé yrinthine

channel systens, Shou 'aced to avord I'Tferent
sets of coext nutedirstiiaanols isaddptedeprodacd) aftch¢ie méhnificatordesedubish bel ow

conponent s of WHIGE WBFALEE 1556 MAHe of BF e PR BSREP BEoRIBIE 1t | <
Accor ding To ST aeEHaT HRdE 10 Bl oF e Bl o e s B e
appar at us f or highastf&emupreferablycn@bigherinan £ em epdpnorsi prgferably no higher

15 than2cm.

The die can also advantageously be applied in the production of
polymer film other than crosslaminates, for instance carrying film a
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 infet 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.



die for coextruding filmA and a die for coextruding filmB, the or each

said die conprising a first distribution part (8) in which a fi t
polymer naterial can be formed into a generally even fl ow, Q@%‘ﬁgﬁk{ﬁ&

di stributi I (9) in which a second nolten pol yner i al n be
3 CBEERkAnA

formed int an 20 exit orifice, an exit part conp mai n
channel (12) to conduct said first nolten polyner material towards the exit
orifice and a channel system (10, 11) one side of said main channel to

conduct said flow.of second | t.en pol r terial, to forma suyrface |ayer
on one side of theﬂ'f’?r&méﬁf a'§_§?}8 tWPr%@O%yéﬁﬁfﬂ? §Y?t§fns_t9; "?ﬂgsqrﬁ’gd_ori fice,
wherei n the cpgyt srsRivaIBhtedistibulierasmsterS, dritcfoRdwing@ifiel tiseokr,tdie) die as a
filmstructure (16); neans for orienting A and B uniaxially or unbal anced

bi axi al | y af t each ending iryacifeulaxraw ef intargal: orifieasontionally withdheng t he ori ent ed

films A and B h i [ f and such
that therr o PROE BRERnEd G RrisothEh A nsdhect Ber @S i rnd tobdles N

anot her; and haditiaihtaroalroriiicasf Preferbiyneadnguoh lapghirBhing syBlRm slagulgn of heat ;
10 FEBRUARY 2006 WD 03/074264 PCT] EPO3/ 02827 24 characterised in that the

channel syst eh¢feft fremitrRRATAE el Ddesien Theneynay brusedidifferprioales a f1ow
of said Secongxtﬁg:‘e?f.' Fhe MILHA bificdd 9k ttbﬂHiﬂﬁt% gp@tcﬁﬁ&bﬁ?ftéggr@ﬂr%%ner ally

transverse to t ow direction whereby eac e sur ayers of A
and B i s for nelarael aystamsashafd be stutaaltysdispldcedhtonadia tHatlthe difecard B ar e

arranged with thei.r syrface. layers, facing one another, the s nds on A

cross the strﬁ?faso‘cSHe%ruﬁﬁesrt@nﬁsé(‘ﬂI&c’@’eél’e@%hgg?ﬁri g'gmﬂsgdsqs%p%é b%@wrmy be part

of the appar @itHsefeldtice toFigdtecss one filmtype, having the desired surface

| ayers and arranges two filns faci ng one another to formthe |am nate. The
0

or each 10 die i sAifiasoby adMeniones o Keawriges caepoapBisef e her f eat ures
o A1 S0 S e 964 0 L opeer o

t he appar at us invention i s’ acconpanyi ng
drawi ngs i n wappdratusFogedireying ost theviovel mpthoais metvel y on a true scale of the
i nt erphase 1s bet \Aﬁen hel i.cal

| aminated filns A Méiggéé\éﬁuﬁﬁ?er)r%rﬁggte%ﬁg :ifg’trétnﬁg(}\ﬁ’ﬂeﬁ Pwvﬁjez%?zdcg:]?is?\uous
llayer forgweakpparatus for manufacturing a cross laminate comprising
die for coextruding film A and a die for coextruding film B, the or each
said die comprising 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 channel (12) to conduct 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;



bonding and on top of this |layer an array of strands of first bonding Iayer
so that three different elenents of bonding a, b and ¢ are establishe

Figure 2 is a view approximately on a true scale of two coexyqﬂﬁ%%UARyﬁomi
oriented, Rebihsal,qut and crosslamnated filnms (A and B). pblE 5&Lﬂgﬁrates t he
aspect of the 1nvention which concerns the opti cal appearance prOV|d|ng a 3-
di nensi onal effect under use of coextruded strands (101) and (102) whereby

a striated enbossment (103) provides a 2A4di nensi onal effect. Figure 3 shows

a section through a-a in figure 2. This section is 25 perpendicular to the
striations. The ththekactersed incthahtheapannelsystanefasicondudting thesecoado ti nes

magni fication, while the dinensions p sur,f. es of the

| am nate are B‘HXWW tt%{bad&m\ﬁ%es[aﬂg\g Qﬁééﬁﬁﬁ%’é@ nﬁﬁqgnﬂ VHU? 4 is a schematic
perspective dﬂ@@bﬂﬂ&u@ﬁs%@@ﬂe@ﬁérﬁ?ehéraﬁy fransvergantd metfleneditdctibhbul ar film
suitable, after helical cuttin maki ng the 30 crosslam nate shown in

figures 1, 2 Whereby emeB of thgws aq@dawérofﬁear&!ﬁasfqmed astan arauelds comes from
a very small I f h 06 WO

03/ omzesﬁpm%%%‘&@%%@ﬁ rf’grgﬁdngtaer%%'%g‘g%{j yith tp‘g'r Fﬁ%@;cgsgt i nuous
second sur f acfaciry@te ansthentherstrahds osA Erase thod smhm:isl @mBnat e) cone fromthe

bi gger extruders (5), ) a 7 .The Iast nt| ned materials are
fed into the dist r%\?f‘é 2‘@@8@%@@8@8 t‘%%‘nge l%ﬂf’é%&nd are here each
formed into aaﬁ;bér‘ét—UsarTl'flé BYbduEEs Bh@ﬁlrﬁ’fyp’é hQ\ﬂﬁ@ the 8@§ré@i‘tﬂ¥éc@'l§%&sat the

exit from(8) while they enter the dilTy separate exit part The fl ow
fromthe smal &anéatrendges t\r(mﬁllmsgacleg O@erawthqr to faron theﬂamlrmez t Tbepr wa@n e,

startlngfro venIy distributed in a

| abyri nt Hi’ne 'ﬁa{ﬁﬁgf s%&f gr‘?\% Idé%@%ﬁ%fﬁgﬁéﬂ\?e 6 and applied through a
circular array of OtMegfeutlresrdfithe apparatusheniohibrd dsefaf totdagrytaihbtther j oi nt 10
fl ow of the other conponents. The concept of the |abyrinthine channel

systemis expP‘éY%@ﬂPtB%ﬁépe@‘f&W thesgppagatys Ciging| section, shown on about
hal f scale, of thel;ﬁ’é)mvg)ﬁ loﬁ%ggtjs%ta‘?e@?ﬂ the%&émégﬁyln%’;"@t)&nﬁln Qﬂ?\w fch: of the

sub-parts (9a), and (9e) sec g es t rough t he
line x-x in fi gureFleurGSM&aaleMEpmnamMI;s oUh])u@Sc&lh@ftfwomterpmaﬁme system

e SO P B eRnd e oSl AL R R0 SRR Rl e
t hrough 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



which the flows of strand-formng material join the tubular flow (12) of the
three other coextruded materials. This detail is drawn on a scal e about_ six
20 tines true scale. Figure 6 is a perspective view from abo%F]B‘BRQdB‘Yp%?PP
(9a), show | ower half part of the labyrinthine ch stem (10)
by which on\ggf)?/%{/}vg“of the strand-formng material from ex??ﬁ%@?y(%lzﬁy fed
through the inlet (13) stepwise is divided into 64 equal part-flows through
the channels (10), each 25 extruded sepafately through an internal orifice

(11). The upper half part of the |abyrinthine channel system which is in
sub- part (9b) POIY@%M?T@'S WMFH?Y@QIC%'FHW%%ECWH %rﬁj’&?éal@réﬁﬁ‘gr'@yqrrom t he
inlet (13). |

cross-1| am nat edjé'“mlégsi%;%h %ﬁ“ﬁ%&%ﬁ"*ﬁ@%‘lrhng%r%{?@g%sg{sﬁ' @ :aﬂgt i‘'on of
ori entation, \vitnedast-rBéntianedibrese matesialsadreded ema) #he distrioutian pant(8) eithed

(5 or ?Lgezicﬁé#t"é‘wqﬁ'eﬁ@ﬂw" reers FoeR iR a T o b dpe o o T O
PCTI EPO3/ 0252 ek Waﬁé@%c@%t%éﬂgfr@ﬂ {]\ghi@e HeyadHpsit thedodilp t he

| ongi tudi nal direction (1). his is what t i nvent or gener ally has found

best for tarp&apanate anapera\((%)r me@@fzfromﬁhwrr@ﬂgawydﬁeéﬂf Igeaydirratinlinty have

ony found pr orbPaf &) R8s, ST AHERHE SRalrfBi. AMorih SRR 17 ecti on o
orientation i slisttiayed & avatyrintiin@ehanrplisysteprasasicin b figurt bearay appliedf

strands in the film If the tubular fil when | eaving the extru5|on di e,
has been dr awi?r@ugh astiicalasrayahdntpmal pri Qiothe qiigifle &f the bRE@r iRter t he

helical cpftingy dihfe BiHR cBMPBREAEN TRE B b@&t&fthé) thin@cighrfexact |y
ﬂ’ P ﬁe tubur‘ y"

parallel wth the array, but frlim een screwed during
t he dr awn- dowsystem lprerxdlmmdaabmle cal nelt-orientation, or if it has been

i axi al | bi | | d. af he hel i he above-
mont | oned” US. A- 4. 0BGIUs% 75 Ra8 el Sryton, MR PR aprLBel S5 ofde bRel T on
will not be qlsbﬁﬁralt@éﬁt bart (9, WhldH@r%rslt@UfthE%ubfbérﬁﬁ(géfqgﬁ ). (99), Wagr e one

array crosses the other one, there is established a strong spot wel di ng.
The bondi ng sk8di(8ehothmpestiopgoss through e timgx-XtRSgUEMPnSe¥eR@ | | rupt ur e

around these fghSers {163 By HAMRIRSsystem are shown.

Figure 5b is a detail from figure 5a showing the last branch in the
labyrinthine channel system and one of the 64 internal orifices (11) 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



tried. If there is not coextruded a continuous second bondi ng | ayer between
20 the strand and the nmain layer, there will only be bonding in the spots
(a), but as nmentioned this will be a very strong bondi ng. ASIQYEIFI%QABQ@M
expl ai ned i eneral description, this sinple bonding systemis

pr ef er abl evP(r)]()}S{(gﬁzesg cases. However, the coextrusion die sﬁgﬁ%aowgﬁer ably
conprise a channel systemfor the second bonding | ayer even though its use
is not limted to the 25 said cases. Miét nornmally there should be
coextruded a second bonding layer in each filmbetween main |ayer and the
array of str azath. showntdschairgan mnglesef abob) 60Hertbe lengitudial diseittiesi (1

connecti on between second bondi | ayers. .in.t two. fil and by the
choi ce of mat 'mW%%ﬁB_%g?\ﬁng?{ gfr?&rg{’]grﬁar%@rﬁ%b%% fPEEﬁS@%@ﬂ]e’r ratB??é'PE is

establ i shed asHaeedgHiRrdAghafnearedd® genstdlp|Ha06 beeakourbbsktier drese. 10 FEBRUARY
2006 WO 03/074264 PCT/ EP03/ 02827 27 In the areas (c) the strands on one film

are adhesi vellgmiwieeeseditofneke bage Ar@sale Hoddwag aridy Bungrprefesaliefer il m
Thus the %ondé'%gvéége ngth in areas (c) has a val ue sonewhere between those
in (a) and those rn (b). "There is a wide choice between these three val ues,
and t he adhesi ves Foregsh éim ¢enmain ticectiay df erieaiakion isrsickewh aimddtéut ndtended use
of the cross- lamnate. Wth relatively thin filmit is possible to nake the
bondi ng i n t H¥iteRHaraligl ¥4 thg agray H strerds in eé@ﬂn[ﬁthﬁéuwlghﬁlﬂ‘amnm t hout
rupture of t d Bhyusicty aie, BEBobh BreANEONA sirBidhheurt i1Reg®®y | s mRde
particul arl yhég\gﬁ.b%mréﬁuf'% Ith]gge gr eag 0 weal? rblondi ng alre fully "encased"
in areas of shearngjreichedi after thahelical catiinggthe roéintditestibn of odentation wiks are

| ained in th L description. I ' ferabl e,
SITIT wntbe iy et s R e Phrepiu (Sl e bonSpaREalc ne™ ©
bondi ng i n t haur(rg)thadeden-dowdlid gobace alheticsiehaieenertatidn odr ifithagnd (b) which

al l ows del am nation during is tear propagatiaon, but exerts such as high
resi stance adegamsnigxialy orRipdainarierd aftgathehalicakeidting: assindhe aPev’t and

rupture ar oundolfie,di)s SPRRo doi RENERLEN. 1 InbhMFcttién oPBrigREIbR®

directi on of e crosslam natée
will not be quite parallel 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.



with the arrow (1). The main direction of orientation, which here is 20
consi dered an unbal anced bi axial orientation, is shown by the arrow gﬁ) for
one film and the arrow (3) for the other film They are eacH ERBRHARY 29406
angle of a to the machine direction (1). For each_fjlmthe main

di rection g?wg?/%g%ﬁati on i s shown al nost but not quite ngﬂEIP%q/OZ%%h t he
array of strands (101) in filmA and (102) in filmB. 25 These strands are
in figure 2 shown by thick interrupted 147nes. Note that in figure 2 the

| ines (103) are not hatching, but represent the striations forned by
enbossment, whi ch 'aﬁb%&reﬁﬁ(gcﬂr@sﬁfai@étqncﬁﬂeffﬂ'ﬁh@ﬁei%ﬂlheé'VeB/. cormiestesivssment i s

roduced by s i e ; e. Due to
Phi's striati one Fhand op R neel AR e s Thus I8 poRa b S BERLS
pronouncedl y gheasdo)hds @ralueesostawhere batwesemboseve(a) bhd thesd in{6). FEBRUARY
2006 WO 03/ 07 264.PCT/_5PO§/ 02827 28 di stance if about equal to or even
smal | er than [M&eriaa@yigeichRIcss ‘ﬁ%eré&@% PYRIYeS, apd Hhe ﬁé\'iesr‘r‘fﬂs. As al r eady

ment i onedsi t éy’%tﬁg'c:{aﬁ‘é%Clotéé?_tbetthlo?-m%adié RS intendRNIKCo B Wrddy-t he fact t hat

the surface on t amnate’in an alternating arrangenent is concave and
conves, or inlaotimate. words, the filmA, s which here is considered

transparent, consi of .many fine.cylindrjcal _collecting |lens

alternating with f\ﬁ}ﬁg r@[ﬂt'{\}%ﬁﬁ?@aﬂlmét&(ggagh&qséﬂgﬁes{heﬁow 'ngﬁggg)pl ay arole
that the presgeae s@@rrdn?_dhbbflt ol be @Viffindted Withsubiuptird &% tite mpgiriagr n of
varying shininess. The filmB may |ikew se be transparent, but may al so be

deepl y col our @¢En whentha bendies tmiaei(e) 88eR I 6788 PRCUaY waalk eFarebyd of
| d i @bl i J h 104 d
col oured,gtri fﬁ%’sQ%?e?é: %%él ngoridiﬂrﬁdegﬁer fufiy %a?@@’piﬂdaréé'é Bﬁ?ﬁor‘ﬁcﬁ{oﬁn .104) an

(105) for control o ngt h, am nate surfac ayers (106)
and (107), nBlkdeadfantaggsref thisfoecerddin usks are exmametac tredgemerahnpr ove t he

heat - I ti. d the fricti ies of the |amnate. |
Cace the 1s | FRRHPLER HOtRG B LeanRAPBIrSDIRoR LRI eERins; t he opt i cal
ef fects, but pehdifg ¥rPth%5(b?Q+éa%Weﬁ§¥v§éR,QPg%1%‘m@P§lﬁ tR@{&)&drBas at his i's

normal |y the case,” the second surface |ayers shoul d be between the
respective stsuitaiplg valbedetweersthatof @head (R)which adjoys gelgmioatjoraddrinte

Fospecti e Toiab Aol o Shcnd 108 o ARrbo SR GRs ond os 11
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 parallel 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



However, if a strongbond/ weakbond effect is not required, each
strand-fornmed first surface |ayer (101), or (102) can be coe <de n
the main layer (108) or (109) and the bonding controlling seﬁfﬁ“gﬂ’r&‘@cﬁﬁg

| ayer (104) ). 25 The cross-section shown in figur i awn on
basi s of awgn!b%:/é%g oto of the | am nate described in exanp?g%%?bi%ggl r eady
mentioned it 1is believed that the 3-di nensional effect, which nmakes the

col oured strands appear much nore dist&% fromthe striations than they
really are, is aresult, at least in part, of the alternating arrangenent
of the "cyl i ndistapse iz 8PP aquahtoer evenssaalles ipn tbe reseiktien rf ¥18&Y8di ng | enses”

whi ch constit hat FRS. :

hCT] EPog) 0282 5g! ie"bbu%tr%g%",nﬁga,'“%%r{aﬁg etienéd tis 08 %cg@%?% ficiently
descri bed f orillasiopiis oonrpesdtediwite tise et thad) thebsurfackerf thiel laminade sharul d be added:
Different rows, of bores [(11% far bolts or, screws keep the arhs .iqgrongly
together. In glitegrl]?@g\;grrg QFMRPIMJR CORSHRANT AV EP 7" 1R PHIH WP SN HET Aed, " as 5
usual in di e gARAHEId Bhsiddied dahspAIBRE cEBRALSGF Rfary MESERIMIAEalChannel s for
drai nage occupyi ng nost of the area between sub-parts (9d) and (9b), but

for the sake odllesting iangeg@igrnating vithdineetylindriea spreading lenses.eltérdye to figure

5b the downsjry I t [ | _orifj i | . hape which
prevents damélgS@{ny%Ecﬁg%%tH?Ph%sﬁbé}%&%%gagr}} t@? %é@ﬁ%deﬂoilg%ﬁrgpﬁd% %ere had 10
been a sharp patgenofivaligg shidimesé. The fitn Bfrhaglkewite batrarspareptputsi sed t hat
there is an exit art%\éjgé bodi |y separate fromthe distribution part (8).
As shown di ep@@Y ai)@)b ¢ le&P‘?ér'lr?‘itQ:fBHEiaé‘taeéfhet@&?@f‘%rloué‘ﬁ'tf‘?bt&?tp@ﬁeffhe shown
sub- part g 5( 9c)r MELred&lrisidhsbe constructed as one part. The centering of
sub- part 89d) is made adjustable in order to 1s conpensate for thickness
vari ations in the gureudfdthenishbws second surtice layere (@04 vand(106pfas

| abyri nt hi ne syst are used ach ted from_.separat tru , there can
be inserted ac%rﬁﬁﬁﬁp?ra&ggrsﬁﬁag%e@% 'P?tr?gsé"rfa(:’@%yeéf‘l?@tﬁn,dd(ﬁhz)’surfaces of
this insertedmabaef b@nyﬁmr%ﬁéwﬁéiss:mémgrte,seléd@@&tdﬂmﬁoprmé the Reat-siebl f or ms one

| abyrinthine system and together with (9b) it 20 forns another

| abyri nt hi ne BiPPEEi@S and/en the fectonabeiepertiesiad the laaNinge. dp sAenE® of the
I abyrint higne S¥SHEIA should be used not only for achievement 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 result,

at least in part, of the alternating arrangement of the “cylindrical collecting

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



ends in an internal orifice which extrudes directly into the axial tubular
stream However it is not practical to divide into nore than 64 branches0
and if a bigger nunber of strands is wanted, each final braHUWmﬂﬁ}ABKéﬂ 6
into a 25 GPgPREY4sdsNg-formed channel close to the channel t he axia
flow Fromthis ring-formed channel there can be the desfﬁéé}%MBgﬂunber of
openi ngs into channel (12). Exanple | The procedure is the sane as in US
5,028, 289 (Rasnussen) exanple 30 3 excé%t for the follow ng: 10 FEBRUARY
2006 WO 03/074264 PCT/ EPO3/ 0282 The co rusiop line jis ructed as
Shown 1171 gut o KIS AgkAcARIanG B haNa AREREDaE Solcter iy desc LS

consi sting of rﬁuo|¢é%ﬁ8ér§tdaﬂlr§fba {HéQ‘SRﬁmn(j%héuM%%dachHhm ymer of ethylene and

octane havin ting range and nelt flowindex 1.0. s To this is
added a nmst er bat <ﬂ1ffeﬂen‘snolwse¢f tmrgsré‘nt formradtsamsarawsofeaphihe paaigdittangly i s t hree
times that u n normal extrysion of sil ffect fi ayer which
in said US pj'f’%‘ﬁtbef Slnggulr%galaa arglgwlcgwﬁnﬁgvégfgﬁgrﬂ@%e ése'88lHaea'o%Sd| ng | ayer
is a bleng Ofus%?/mté@BEn@tﬂstnbﬁ‘Vq@fao& heeré@nbmalaelélgystémmlchaﬁﬁelsme LLDPE has
density 0.92g ml-1 and nelt flow index 1.0. The Omalnlayer and t he

heat - seal | aydsRINGPS OCHEMING BWISt ﬂfgth@far%bewaealsuerﬁas’és (OarrRd(QY), B¥le the same
as in the sai 7 g ayer
15% the secgﬁdﬁ%ag%g%fé‘anfgmw'g ch%%ﬁ%lelé gﬁ@hdg\y tfé}? ?ﬁﬁ-} ?@ﬁ%aby vol une.
The corrponenttlaefdom/nsﬂn@@m&ldeofstbemtdrrtabndﬂm amﬂlsf’g}‘@én ashbpé ajniots  1s do not
o o S s Al ol MG TS kR b 2
differeng nadgaelnya b SR8 IrMARld 186 offPfe orfdesor the transverse stretching
bet ween t%e special grooved rollers described in the said US patent and the

first |ongitudi nallt kasaerneémphasisekthat thep® G, arFexit paré (9)draditvisegatatainsver se
and |ongit Ud'fpoarrlm thet 5.8{”%“{,89 pgrtczg)esﬁgaﬁown diepart (9) will normally consist of
several sub-parts. The shown sub-parts (9¢) and (9e) can be constructed as
one part. The centering 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 final 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 foliowing:



35C. 25 For the heat treatnent which effects the final bonding: 90C

Furthernore, no air jet is used to cool the filns during the i rans se
stretching. As in the said exanple 3, the gauge of the final 102?%‘5%‘51‘@%%%&

which for cation belowis called I, is about 70g This has the
bondi ng 30 ‘%ggwr%é“shom in figure 1. 10 FEBRUARY 2006 WO© g%ﬁB%“g%%

PCT/ EP03/ 02827 31 A simlar cross-lamnate (called Il) but w thout the
strands, is manufactured for conpari sor0 Furthernore there i s manufactured
a third lamnate (called Ill) simlarly to I, but without the strands and
with 15% i nstead ofhe BeextomArdine i§ censirugied asshPYReN figewrest 53e8BRAdbondi ng

ayer  Sanpl eqlllq RS B Sodegblidhants LoRis O ABRLABINE ThebAe- SaP! ©

(I'l) al nost the sang, Sha TR Ra a co er abl

t ear - pr opagat catalysee sopbymee of ethglenehrekodt@s hangng mwtmgemngblm-wc
tar paul i ns. Thlsn&rlﬁﬂq rty |s eval uated by hand-tearing at a neasured
vel ocity bet wéB® wirdgys 1010 team of people used to such testing and

knowi ng the I equl I eaRik % Alded’s RicAfBbach bR sV JrahieddR holitGriyent of

t here does not exist any stand test for ° propagati on-resi stance
whi ch cone cl eddition |sl1maee p:maetthlata,lsedmmdommalrextruslon@ésll\raj effestriiimat es (1),

(rr)y and (Il1l1) are o te i accel er at,ed aging. is flexing. The

| am nat es are cut Tﬁ? f)ay%m%\ﬂ 4B Sﬁégﬁ]gg G ‘é%ger? Iﬁﬁ]ér'ag'@ 'a%er SUR NG flag on
a stick of di gagirRybathiifg RiyEr rstetbléﬁdtohao%LLWE@ndso%@mhbrlammélmg pole. The
flag is then tested by _an artificial w nd about 100 km h-' Sanples (I1)

and (111) deI eepoiwned Wne hl-APE ffaévﬁemsvmp&g fahiand BalkHpy indgx 1.0orThet he 2
hour per i, ""ﬂla?ﬂ‘l &Bf ﬁ&?ﬁe hést! %Qt la&%ﬂ?%t%%ﬁﬂﬁg& eEHnlaI SRQLS where 20

t he stran s inters each ot oW n ers to exam nati ons
before the dekmindie) ase thel semed esiln mwleesalmwammmam'l’ne leellayerafrmphe 76%, is

oK ot MO Nl P Pl ot bendind v TR e sk ) ¢
cross-secti onoptfheqm);e\,dm,,he_l s examned in mcroscope. It exhl bits
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.



a regul ar pattern of thickness variations and a correspondi ng wavi ng,
however to a very small extent. In exanple 1 of the above-nenti oned EP-B-
0624126 this structure, which there is called "U-Ri b Struct uereEEIF%U'ﬁBXcFQ%d
much nore %gggwgﬁﬁdly, see figure 1 of that patent. The "U-Ri b Structure”
30 is defined 1n cllaim9 of this present patent appli cat i SHTEPH/ e pr esent
exanpl e the objective has been to form"U- R b Structure” nuch |less 10
FEBRUARY 2006 WO 03/074264 PCT/ EP03/ 02827 32 pronouncedly by nodified
process conditions, nanely the bigger an?l e of cutting, the mlder

condi tions of coolA ﬁmllﬁfpﬁ?’ssﬂﬁ@lﬂagﬁh@iaﬂ'@di||)|§Pt witheutdhe sgandnds a slightly

hi gher transy ' i he anneal i ng. The thickness of sanple |
vari es by aboﬁ%aﬁ%&?@n%gCgﬁ{ﬁgpg?rlg'y 5 regular pattern, while the angle

bet ween t he surfagurihefmorethet®isanafufactdrdde thiaMendgstegtaliee Ilf the surface
varies by about +/-3 w I vision, also eneral | réglgul ar

. thin ad , al in a [
pattern. Due ¥®aMhetq lhprtwitteutdne ﬁ#ﬁ@ﬂqse@m%\e/tﬂﬂagfwsgqa&ﬁf,the txﬂ W el atively
smal | vargati | ' [ of a pronounced striation. It
may al so %I ayrﬂé'lﬁp@{cgﬁ?ﬁgt%r?Lfef%g%égg\ggg@é@ft t@ﬂeir'ng io rollers have inpressed a
pattern of varyi n@ahplai(exbibits Exahighestieahpropagatidn tasistarceaspinpld s a

further study,of, optical effec of t Ccriss-crqssing strands ef ore and
after accel er(gf g@nd{'}é’it%swef?%i%qar_lat?ﬂﬁl)ﬁr%@&ﬂg@ﬁﬁov&%atﬁﬁq-@rolpapg A act | y
fol l oned, excepktdree uNdafBRbE @arihg, GiaccbstapRMBP B PaSIinsSaTHS Prdpérty The
strands have the sane silver effect pignent addition as in example 1. In

one ply of tH8evalvaiae ey bardtraring &l pdneasired yaeaite getyasn S-4mdeely 8l ue

col our, in ' I 0 of that

nor mal | ygﬁsegg%n&ﬁ%%et ﬁ%ﬁd@%ﬁh?@%@@ %@n@&%@g g% ytqtuﬂ'gmgbféacgds are 20

pi gment ed, t heustasérst Mmanttpdnemedgdanfthe inventthéhertrdped noterispagyment ed white
by a masterbatch with Cf)Z The am)ugt of graaster athch IS thrge ti mes that

normal |y usedt@NqAreSen t%-'il"ti s tesf-PIIR2gPAR-FRRiSIapER WIS £amag 81ose &0 ey nent ed
with the sarﬁa@tlidgfcgﬁ&ﬂgﬁg o%aﬁﬁgpl e IV, but with half the anount of
mast erbatch. 25 Sanple VI: No strands, the main |ayers pignented like in
sanpl e V. Sane sdeéoridatesdtli (Y andyhh amsalsa testagiinesn iagceleatsd aging by
15 flexing. The laminates are cut into 8cm wide bands which each are set up
like a flag on a stick of diameter 25mm 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 (II) and (lll) delaminated within a few minutes, while sample (l), 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 (l) 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 (l) 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 is defined in claim 9 of this present patent application. In the present

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



Exam nati on of the sanples before the accel erated agi ng by flexing tests:
Sanmple I'V: Viewed fromthe transparent si de a brilliant,

silver pattern. Viewed fromthe "reverse” side: a quite 10 @ngg@%
03/ 074264 IQ’;ZT ZP 3/ 02527 33 aesthetic but not brilliant 3-di nensional
pattern of 19 HEY* " a darker blue colour. Sanple V: Vi enel“PEBH{% % her side
an aesthetic 3-dinmensional pattern of lines in a lighter blue colour. 5
Exani nation of the sanple after 5 minuté3 accelerated flexing as explai ned

in exanple 1: Sanple |V: Fromthe "reverse” side it still |ooks aesthetic
and there arréroneueqegihsbbfnoa!éregrﬁrﬁa%swrrdﬁlonﬁen%me%rst AuRigaer erelesdfi s st rand

material. From r‘(i]d"gné[ Frf'ﬂBéP ﬁd?ﬁor?é X do'hn QﬁénWél%%t%ﬁg '%ﬁ&' ¢ due to

the i o progresse am na ion 1n the ar ere i's no strand
mat eri al . Saarplhghtlyhrgheyrtrdmt/hrseitdesiomHerrm@them’nrmallogks sonewhat aged, but

the criss-crossin rn is still jintact oand still has an
aesthetic effect g”%iﬁtﬂieeﬁﬁ of SATRIS L variey bé’ta}bﬂ'r‘gg AR EVE ALY ami nat ed and
usel ess. gls r%éarﬁrpaftéﬁrlmre&ﬁé@h@e\ée’t\kéeﬂhé é"&%eﬁ‘éfé?r‘e%rtéta%%%@me"'g as
expl ai ned in exanple he material still is s ot-bonded in all spots where

the strands averageelene o@hrmalﬂnfaca \asiesiky altesis/-a° Vithieea digisiare@#soiin a i ght er

moa 11 cat on enstaibEoBkE ERERE Goe SRR AportlfBTeE ot ddoble (i na
| am nate a wethghd r@étrvb%ﬂsmamvanatrc&fwalamgte‘@véﬂ@mbrbeﬁldnI’cbgal ayer the

contents of the low nelting copolynmer is 1ncreased from10%to 15% The
pi gment at i on PrENPYMRGEd ﬂ”@t%%ﬁrp\t 8"32’ alsqpisy @ ole theh g grooved shalehing; | ver, main

| ayer in,gne Ry deRa | H@sseﬁ pétferﬁ%‘?v&gh@rsrﬁ’ﬁrﬁe%thom any 25 pi gnent .

This cr ossl am nate sho excel l'ent tear pagation properties, evaluated
as explained in exammhplel2 After 5 minutes accelerated flexing by the

method used in exar‘ﬂi’a' 5% &ftﬁls examptle s a #urthsep(s)m%y%? opti gg\ e?gecfjseclbf%ne nation.
criss-crossing strands, before and after accelerated aglng 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 example 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



Therefore the three-dinensional pattern still looks brilliant fromthe

30
transparent side also after this treatnent. 10 FEBRUARY 200 I . A
crosslam nate conprising nutually bonded pol yner filns of V\ﬁP%%Bml{\gQO%tm

nei ghbour {i | A and B each being coextruded filns are | AX] oriented
or unbal angvé)aorgg’ﬁﬁ% ally oriented, whereby the main 5 di re@%@%ézy
orientation (2) in A crosses the main direction of orientation (3) in B and
each contains a layer consisting of a pdPymer material selected for high
tensile strength (hereinafter the main |layer) and on each nmain |layer on its
si de whi ch f aeastheticbiHeiogRrbant 3-dimensienal pafern efdies dn pidagkerdilv® ace | ayer,
characterised.d,f,that said first surface |ayer on each of the films A and B
is aio discontinuous |ayer consisting of an array of coextruded thin
strands (101, 10ZFamplee/;sViesvedsrqr @itherosidé\abeiestpetic Gadigemhstomatr oss t he
onsisting of a material which is

strands (102) in B, ..and th trands

sel ected to n%%_iqug}ofhﬁes 'ﬂy%m?f @é‘eiqqqui'e surface of the respective film
thi s modi i cati on EQNGRETHMEF theishhfle bi& DRfinkad am;@r@a&wﬂ@a@@ago! our of the
| am nate or the bonding 15 between A and B as determ ned by del am nation

tests or bot hexpaingd b1 esmpiaiihat e according to claim 1 characterised in that

A and B are stro d h [ a strand
(101) on A ntersreg%'ﬁp%ﬁ?h?goéﬁpgﬁgf%z)gfdgr{pﬁﬁﬂg\ﬂﬁsggﬁhéﬁ%a@]Q{eeeWeaker
bonded or notareaigsignvrteltminationtis tidareat wHeee therond sieandgatarfal.aces, which
20 are devoid_of any first bondin crossl am nate according to

ndi | ayer. 3. A
claim1 or clk&iomthe W&Eﬂrﬁlsidoee'ﬁgoWrﬁg‘?Wf&[ﬂu?m@sﬁﬁﬂﬁtﬁPBﬁFFSﬁo &€ opti cal
appear an is } M arg i i O@W iof N the first
surface fctgyerP'%y.;@s%leg%@T'Qﬁﬁﬁg%hgg‘g&dﬁﬁ%ﬂeﬁge%@mof t he p?%@g!di ng cl ai ns,
25 characteri sed i$amplietV:.t hrom hotrksidesstheflaminate taoks deomewhahapedfowai d fil ns

ST more perERsToreil ffnis Sirihide: B) ShRLAR Fulhex P PRES copect ve

film 5. A cregmggtam nate according to any of the preceding clains,
characterised in that the width of the strands in each of said filnms is

sel ected 30 to ocapRleal! (wikow:afyedtangol, Hemdly sleiamipatad anusglghest 50% and
still moge preferahlyabdér M6 St ot ™% RdurdieRHibAFEXALER Shbidiféd

respective film
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 crossilaminate 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 FEBRUARY 2006 WO 03/074264 PCT/ EP03/02827 35 6. A crosslam nate according
to any of the preceding clains characterised in that the thickness increase
in each of said filnms A and B at the |ocations where the stdSFFBRUARY 2006
coextruded anounts at the highest to 30%seen relative to the imedi ate
surroundi ng, preferably at the highest 5 20% and still nore preferably no
nore than 10 crossl am nate according to claiml or claim?2

characteri sea%];w%Ahat the distance frommddle to m ddle of nei ghbour
strands in each afray A sobslawinate2compeisithgdutuallyfaidedipblymer filnghef t han
40 mm and nore preferably no higher than 20 mm 10 8. A cross| am nate
accor di ng t oWBigh dfleasitwa Beighbryr 8|nas Asand Breadtbeingsereirdeditenaraur f ace

| ayer (104, 5); i f . ] i ur film A
and B on the&rg'%@?lgf&r[éﬁ‘et%:? N hﬁé}%r}&&@%ﬁ'allI?S’i'tgg?ﬁ'e\%?%ebsl t@%erﬂgﬁﬁ) the said
nei ghbous fi Hif@ctidrhbBosesanensay franecrbeysy theb@atudirestiom e biieAtdid t3)ahn

| ocat ed between the main |ayer and the first is surface |ayer or on top of
the first suBfanskeactyeentainria paygresaisistingofea petymerr mateidlrsslededfee bondi ng
bet ween A and E 9.. A @ros I@\réi nat«Ee)t a cordi.n%to claim8 characterised in
that the sed@Rdeas¢ sEENY renafief Qi malR laYek) ANARILPAadA INFiRday e Qb
surface | aye i , I ' ; | e devoid
of any fi rst'%8%%'3‘?93%%@%”%@?@?@% élIt gmﬁ?%%f@ﬁlgt?ﬂﬁgt eF’bondi ng
i n the spot scdrpctestsedanshabsaid fvst gunfadteslayec onstacdmdisthenfilBis AGnd\B is a

b O N R EN R R TR
[ t ' s rrd : 25
Specl mens a 1@2)}1%&9&%%9 1 ({?’QQ%\'? A\tlt?]ééfﬁgsarrérﬁ%e%ttd &%%% tAg serm&gh(agggm%

bondi ng strength in the p ontacting surtaces devoi d of
any first boantd tree btageds censistiag lof a mMeteziahwiech issealectdbtdhimglaifytthé5% and
preferably no nore than 50% of ihe bondi n\? gtreg%th iﬂ,,th_e Sé)OtS. 11. A
cr ossl ani nat FOREEHS et%“%qcﬁ the reaRpelfetimy dp'S medifigation CRERIPINGs t wo

such pairs obiydd A% dptiRdPappédrtnce Gdidtr FAnEFARINEE #ARE B¥RdRE0 74264

15 between A and B as determined by delamination tests or both.

2. A crosslaminate according to claim 1 characterised in that A

and B are strongly bonded to each other in each spot (a) where a strand

(101) on A intersects with a strand (102) on B, while A and B are weaker

bonded or not bonded over the parts (b) of their contacting surfaces, which
20  are devoid of any first bonding layer.

3. A crosslaminate according to claim 1 or claim 2, characterised

in that the modification of optical appearance is established through a
selection of pigmentation in the first surface layer.
4. A crosslaminate according to any of the preceding claims,

25 characterised in that the thickness of the strands in each of said films A and

B amounts at the highest to 30%, preferably at the highest 20% and still
more preferably no more than 10% of the thickness of the respective film.
5. A crosslaminate according to any of the preceding claims,

characterised in that the width of the strands in each of said films is selected

30 to occupy at the highest 60%, preferably at the highest 50% and still more

preferably at the highest 30% of the surface area of the respective film.



36 PCTI Er03/ 02827 12. A crosslam nate according to claim 11, char acteri sed

in that one filmis common for two such sets, this fiImhaﬁgﬂ é{rﬂ%6°f
the said strands on both of its surfaces. 13. A crosslamn accor ing to
any of the ing clainms, 5 characterised in that it [Qok; on one or
each of thg%d)g/%z‘g“fl Ins of the |Iani nate, a surface |ayer (1065&%%7) whi ch

also is surface layer of the lamnate and is adapted to enhance

heat - sealing of the |anminate and/or i ndPease its frictional properties. 14.

A crossl am nate according to any of the precedi ng'| cl ai s 10 characterised
in that the main I8yer Aa@mﬁ@amm%@ ageRIAingrto@ny o AQIPIRREINaIGRME and B

mai nl y consi S&géré’éte@é’éd’ﬂthéﬁ ﬂﬁ'é%i%kn :nﬁ&{eﬁget)( trfﬁé‘cheﬁald\ |Eﬁ§,§§'n?rq gate .

according t cterl sai A and B
the main | ayethedusadioss svhefre EHMrandsLaré)léEexirucmd dheurts at thehwighest tot he second

bondi ng Iayer i nl Si af LLDPE but wi t h. adm xt 5-25% of a
copol yner of fﬁ@ e'ﬁg\’ﬁ fﬂﬁ‘g ﬁsHHPH?(?Bg prgf%&ty-ar@w gﬁb@ Stithin the
tenperat uge 'ZU%ra\ﬁ€|stlﬁQn<§@$refé%bl¥h@rﬁéréwm%ﬁl nly consist of a copolymer
of ethyl ene havi n%a melting point or a nelting range within the

a

t enper ature interval 5@rqroeeiawnaiel@p@¢fdlr@ftomm ‘C@b@ﬂﬁ@r@é@ﬁ@_’uﬂ%

accor i ng 1 o Brgaahe filbie kR ARuR E G EH npickbepr suthd R Hufom ng

further feat ué(b'etwé’én Behra)anttscham, prederaelyato highekinesaimmetantimeorei ghest
about 0.3 nm b) A forns one surface of the Iam nate, c) the lamnate

surface at | gysteraplymnesigheithanefimMits a visible pattern of striations
(103) algpg one dig ect i0gocaBRfindtdBloring t81ty2f e Brdcdafy Qlifsii t 1

correspondi ng thickness variations in A ons 1IN sald pattern
bei ng at the m@anaeltlsabb}ga @condrﬁurcﬂgcetlagert (MDA, 09) a)mtheanelndayenmfad and the

rest of the Ais suff ra ar ent o\ coI ured strands
when the T anPRoaNe & thE it sk A RBT R B iR of BB RIeGRLHIES: T he
faces the other one of the said neighbour films, this second surface layer
being continuous and either located between the main layer and the first
15  surface layer or on top of the first surface layer, and preferably selected for

control of the bonding between A and B.

9. A crosslaminate according to claim 8 characterised in that the
second surface layer is between the main layer and the first surface layer
and is selected to produce, at locations (b) which are devoid of any first

20  bonding layer, a bonding of lower strength than the bonding in the spots (1)
where strands on A intersect strands on B.

10. A crosslaminate according to claim 2, characterised in that the

bonding strength in the spots as measured by peeling, carried out on narrow
specimens at a velocity of about 1 mm s™is at least 40 g cm™ and the

25  bonding strength in the parts of the contacting surfaces which are devoid of
any first bonding layer, similarly:determined is at the highest 75%, and
preferably no more than 50%, of the bonding strength in the spots.

11. A crosslaminate according to claim 1, characterised in that it

comprises two such pairs of array-bonded films A and B.
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to make the strands appear as being at |east about 0.5 nm fj stgREARYYE06 he
striations. 17. A crosslanm nate according to claim 16, characterised in that
the colour of the strands is fornmed by a pignment which s | i tallic
5 |ustre oVORK0T4®44descent effect. 18. A crosslam nate accli’?r}éépﬁgm?%ﬁgl aim 16
or 17 characterised in that viewed in a cross-section perpendicular to the
striations, the lamnate exhibits a ge?l@ral |y regul ar arrangenent of ribs

whi ch are thicker than the average thickness. of the Iag nat.e gng have a
general |y concave1_'a?md é%sii@ﬂ _ F?C%ﬁ‘ﬁgé?(cgﬂpﬂéc_ har, LE&di ng of the
rib transver sfedfimiié Somhihiol Wit Bddn Shts QRlsifMR ANthd &h BRAY oF i s@derial in or

adj acent to the boundaries of the ribs in the tensionleSs state of the
mat eri al ar e strands bn botteobippewfaaes. direction to the rib to give the nmateri al

bet ween the two agjacent rihs a nerally stralght -out  shape. 15 19. A
crossl am nate accgj?’di ng\ qrgssiﬂrylngfg?ﬁ%or@pgi%afﬁ%%%&] aﬁ%@ggﬁéC@WgMi ch strong
bonding i5 eghakictaixed inigtat édiepriddsamisng ot edchesttthé aliteriiink f tHey neans of a
second surface [ayer between the strand forned first surface |ayer and the

mai n | ayer i nagingie, g surtreerlayerd 180.a13) mhich slsals pyfrfeIgyerofdhepl ocking is
established i | Lo : ial, 20
characteri seégmhg&%ﬁ&%;?%\%% %@F]agfc%&% %Fég%%bﬁ?fﬁéé?é;ﬂgs%?éa%ﬁ#@ ed by neans
of the additiinmease it #rictionainutoperticace | ayer of an adhesion aid, preferably a
| ow nol ecul ar wei ght pQql yi sqbutyl ene or. pol ypropyl ene. 20. A .crosslam nate
according to any Bece&‘%@s ?@I'Tyﬂt? ﬁc%ﬁj'EE?‘?}éEy OWWESFPreQﬁ ‘I"‘Qézéa'mayer on A

and/ or B ¢ ONRhhaRfer|sdd iR thARAE nfdh fayef aflbhatieachas the daidxabdiimen bei ng

formed of a rmaterial differing in conposition and/or colour fromthe other
set (s) and t lenddl maindy consistsedt polyetmeensgorqidiyaopyledem one  another. 21. A

1 rt aurface haydp onAciBraiBAESFctHofo Bielh 4 GAAAEed i uldbyr) o7 S
15% pr ef er alddagh aF shibidilie ghand BEA&main thyepcengisteiof HOP K ol LDRE drisghest 5% of

the volune of the respective filmA or B.
blend of the l[t)wo, the second bonding layer mainly consists of LLDPE but

15  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, and the strands
mainly consist of a copolymer of ethylene having a melting point or a melting
range within the temperature interval 50-100°C or a blend of such copolymer
and LLDPE containing at least 25% of the said copolymer.

20 16. A crosslaminate according to any of the preceding claims

characterised by the following further features:

a) it has a general thickness of at the highest about 0.3 mm,
b) A forms one surface of the laminate,
c) the laminate surface at least on the A-side exhibits a visible
25 pattern of striations (103) along one direction constituted by
surface corrugations with corresponding thickness variations in
A, the 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
30 sufficiently transparent to show the coloured strands when the

laminate is observed from the A-side, whereby the depth of the
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according to any preceding claim characterised in that the i ng
poi nt of the polymers which constitute the strand forned f?@ﬁ@w&
layer, is at |east about 10C, preferably at |east 15C agnd. py ef erably
at | east aPOWY3% | ower than 5 the average nel ting point o(ﬂ%@zspol yNer s
whi ch constitute the main layer. 23. A nmethod of manufacturing a
crosslam nate conprising nutually bonded polymer films of which at |east
two nei ghbour filns A and B  each are_f?rrred bihcoextrudi ng in a.flat or

I

circular die a main | ayfefruggtions isaUfigisnt i makedne fiiards PRPE]IASREEG f or hi gh

tensile strength and a gid=st apBuishs hah @lidtamaronh IHEstRapGhy/er material, and
in which A and B each is supplied wth a uniaxial or unbal anced bi axi al

mol ecul ar orient ati/on & cranylagtingte astonsing tolaaijmol Gighgraxdtetised idithéter ent
materials in the coextrusion di.e_and pefore th l. am nati on, and. prior to
The 1 an nat | oS R B HPahdRuR s e ISLg Bl fag e AP R R r oot i on
of orientagtiosir® ofaWilidesceatsifddie main direction of 15 orientation in B,
and during the lam nation the bonding between A and B is established at

l east in part throlfyh Heerosslarinateaseersiing iorrlainat6 ph1t gharactarised\iBi on each
of the said fjLsi f. - E?BQ'?d' i i S : nsver se

di rection, vm%égl’)'ﬁwlép n@%ﬁcgéﬁ%txgécgl]ph}n arré@lﬁﬁggbégﬁ%tsﬂl?mg’r?ggl&gw&li% are
arranged so tddtibitsh® ganeraily odgudan amatgeovenh of ribs whicheararthigierothastthends on 20
B, and further char cterise?lFi n that the material om whi ch the strands are

f
extruded is sa/eageiicknessaf iRe lemingle speaved generaly Qngayeands@  he

respectiyg _f@éﬁeram&w@g%h bE&td RAMPHERIiRY BBtRI it ®andvaRsOBtitcal appearance
t he bo and B. 24. A

of the am nate or ndi ng between A met hod according to

cl ai m 23 charleogitwdisaldiitestiomandiimthahéhexatesial imaer asiaceant tothe boundappsi ed

aapt ea o napehens KR a0 BReaS 8ol Pl BhIR o® patl WIABESR & 70 Tne
spots where tdigsctionttekisegh td fiveltné rrteril betwden the tWealdRiceporigs ag or avoi d

bondi ng over the parts of the contacting surfaces, which are devoid of any
first bondi ng9gngraly stirightsned-owbBR3RE- according to claim 23 or 24 in which

the coexigusion —ofgat A g@sbiafifai'ackbiird toBhy/bithe Brdcheiy lafits g by means
in which strong bonding is established where the strands intersect (a), while
by means of a second surface layer between the strand formed first surface
layer and the main layer in each of the films A and B, a weak bonding or a
blocking is established in the areas (b) which are devoid of strand material,

20  characterised in that said weak bonding or blocking is established by means

of the addition in the second surface layer of an adhesion aid, preferably a
low molecular weight polyisobutylene or polypropylene.

20. A crosslaminate according to any preceding claim in which the
first surface layer on A and/or B comprises two or more sets of strands, each

25  said set being formed of a material differing in composition and/or colour

from the other set(s) and the strands of the sets being offset from one
another.

21. A crosslaminate according to any preceding claim,

characterised in that said first surface layer on each of the films A and B

30  occupies at the highest 15%, preferably at the highest 10%, and more
preferably at the highest 5% of the volume of the respective film A or B.



10 FEBRUARY 2006 WO 03/074264 PCT/ EP03/ 02827 39 coextrusion die, to form and
draw-down a tubular film characterised in that the drawd ' to
produce a significant uniaxial or unbal anced biaxial nelt- gwghﬁéﬁ?@ﬁiﬁgt h
the main direction of orientation and the direction of t Oggyszpf st rands
ei ther ext ¥PRG*24t ong the longitudinal 5 direction of the filmor, by neans
of arelative rotation between the exit of the die and neans to take up the
filmafter the extrusion, the main di rect® on of orientation is made to

extend helically along the tubylar film and subsequently the filmis cut
open under an angl4*to éﬁ@sﬁé"ﬂnﬂtﬁraé&i)'f Wfa”yoﬁ’rieéﬁg'ﬁﬂiciﬁi%and to the

direction of thigaaetid¥d irHhaPfhe é\léﬂe@%ﬁ{ég%wf&imhé eo&g@rm&rﬁhar acteri sed

in that the Tdistance fromthe m dd m dd e of neighbour strands at the
exit from t heconstitutadiee sirgnciformid finstepueface Saven) is @it tfast abdyt 1898Chi gher than 4

cm and nore ref erabl n Lghe han 2.c h i I r of the
tube at this ér)???ra[)ﬁ/satﬁ?aﬁégsﬁ aﬂ’sj %'ﬁ{ae P@fengly%qi%%%%ggg%%(g’gdﬁwgpﬁw nany of
claims 235t 0 @R HRe&GS HrRitirResbihtrof thé pblyfrield WWichdkdneetuls tHeghar-lhpgret her  of
the filnms in a sandw ch arrangenment for |am nation, before, after or

si nul t aneous! y wi t#3-t heA Faiorchel andfarlyring aaapeAMEate REBRESINOt 0 a | ami nate
by heat, th ' | : ' ' 3 it udi nal
by eat Che L 58 8 e S ol 1 A g 0 1
clainms 23 to @dchcharfaohed byedextrudindat a flat srhdrotiteedie asnain lgyevoésas, A and/ or

B is/are also supplied with a . continuous, second bondi | ayer which is
coext r uded pnp?‘M efrﬁ’laﬁerl'%[y'g}'&‘ @rﬁ?é?c"?(ﬁg’rzﬁ'qﬁ'hg‘?né eg’q@@g{gga,n @'rséby the said
second bggdi n&ﬁéﬁéﬁé%&%&h%téongﬁér RaR9laY Bd iIAREA AlardiB BaER Y sugpfgyt hose in
the main layer and the first 25 bonding | ayer, selected to produce, during

t he | ami nat i owithleasmdéxigl erl unpatanced wisxial ongequarcerientetieregloany gageafter i r st

pots, 20 a okt AR ffbrSh iR and Pt b Ao Raiee o

that in the |amination andrprioe &sthellamiriationdsand BAarareeratigeddi kyctsaalegd to the

30 strands in B. 10 FEBRUARY 2006 o ) o
that the main direction of orientation in A will cross the main direction of

15 orientation in B, and during the lamination the bonding between A and B is

established at least in part through heat, characterised in that in the

coextrusion each of the said first surface layers is made discontinuous in the
transverse direction, whereby it consists of an array of strands, and A and B
are arranged so that the array of strands on A cross the array of strands on

20 B, and 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 concerning either the optical appearance of the
laminate or the bonding between A and B.

24. A method according to claim 23 characterised in that in the

25 lamination the heat is applied generally evenly all over A and B the selection
of polymer materials is adapted to make the strands on A strongly bond to
the strands on B in the spots where they intersect the latter but make a
weaker bonding or avoid bonding over the parts of the contacting surfaces,
which are devoid of any first bonding layer.

30 25. A method according to claim 23 or 24 in which the coextrusion

of at least one of the films A or B is carried out by means of circular



WO 03/ 074264 40 PCTI EP03/ 02827 30. A nethod according to any of clainms 23 to
28, characterised in that the |am nation process is extrusi f?ﬁ%ﬁg&%og@
whereby the bonding is established by neans of a separately extrude ayer.
31. A nethod according to any of clains 23 to 30 charactgyd 3/b4327 5 that
arrays of WPOIHeare coextruded on both sides of A and Bfilns are
arranged on both sides of Awith the array on each filmB crossing the array
on the respective side of A. 32. A nethé@ according to claim28 in which in

addition to the filnms A and B there is applied at |east one nore filmin
the | ani nati GSXesieRgiade &rmsand drew-Aawn s4vlu'sf film. shatcteriseddathaly by
coextrusion 18 .| ' It e HE At ayer nposi tion
adapted to c§ﬂ€rdtp)%wid?yﬁg%gﬁﬁ%a\{?%?ﬁde@elé;ﬂgﬂﬁt éerﬁ ad\/?\ﬁagbiigf/r lﬂ%%'sa%ggﬁposi tion
and t he | am raaxisimelbodeniatine withehe otens ditecliorhoftdrntation artdtbegt h of this

ogat ane. wii el Elepia ot FrechS BECe e h AR st bR IR, Dofhou

accor di ngs t 0 fRYtiGH of tri) il F3bl thedRs of BREREVE Fdta6h B¥twdehans @kl ey further
features: 20 25 a) the thicknesses of the filns used to make the |am nate

and the str dalieandameans tartekedpthestim aftejitve extridsion,the mainditactioreofgener al

t hi ckness of at e highest t 0, ' | e s one surface of
the | am nate,orWquWg 'F%?ﬁ%a@geb@%}df%%gamﬁogééﬁé E@%I"h’- gri] e is enbossed to
form a visi Wupspqidrelythefilmis tuttdpenuundlepag apgke tdithe eidivdirectisioft ut ed by

surface corrugations w th correspondi ng t hi ckness variations in A, the
di vi si ons i n digntatiearand 19 thedirgean eHES @ est about 3 nm d) the materi al

for the sgrands | 9ecol augthoglofdiy [¥lbinPSs EhsrcbldriZbafly bt Mt ai ned

sufficiently transparent to show t oured™ sStr S n the lamnate is
observed frordistarcefreimdibe niiddistte meildgletdimedibobr strandscatdbe exif romothe | s made
sufficiently ec>j< r%Ber is 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

is at least 20 cm.

15 27. A method according to any of claims 23 to 26 characterised in

that following the bringing-together of the films in a sandwich arrangement
for lamination, before, after or simultaneously with the bonding of said
sandwich arrangement to a laminate by heat, the films are further oriented
by stretching in the longitudinal and/or in the transverse direction.

20 28. A method according to any of claims 23 to 27 characterised in

that in the coextrusion process, A and/or B is/are also supplied with a
continuous second bonding layer which is coextruded on the main layer
under the array of strands, whereby the said second bonding layer consists
of a polymer material different from those in the main layer and the first

25  bonding layer, selected to produce, during the lamination, bonding also at
locations which are devoid of any first bonding layer, but a bonding of lower
strength than the bonding in the spots.

29. A method according to any of claims 23 to 28, characterised in

that in the lamination process the strands in A are directly sealed to the
30 strands in B.



10 FEBRUARY 2006 41 to give the strands the appearance of being at |east
about 0.5 mmdistant fromthe striations. 34. A method acc i pm
33 characterised by the enbossing involving passing the fiﬂ%gt%?U%ﬁgpﬁﬁ

| am nate, when they have been 5 brought together for |argyaty ,pefore or
after est aBiPi%3AHEH of the bondi ng, through one or nore gglrghggmnutually

i nternmeshing grooved rollers, by which the enbossing step also stretches
the |aminate. 35. A method according to48ny of clains 23 to 34,
characterised in that said first surface | ayer on each of the filnms A and B

occupi es at the acOhi gHedethpshaccerdingioamyofdiaimserhidyt Shamasteriseddnnpr e

f bl t j 0 i 9k [ Ehlkdn A B.
6. A ot hod e ThAAh prdedts it PRrLY BRI P p RBI TS YEIROIT “ Rt i ne
aver age nel t iestplpishet bgfmedres pfcd yeparstelynexdtudednayeart ute the strand forned

first surface layer, is at,6least about 10C . prefe ly.at least 15C and as
more preferably af31l‘ eaz '_“58199?3028 % n%W£3'Wé§&e$%§é§@€@ﬁé%pi nt of
the pol yners ki £lhayOmSdtidnds iré B8extRidedlomyfith skibs o ACARE Bl fikhs @Xé F usi on die
conprising a drstribution part (8) in which at least a first nolten pol yner

mat eri al can aeargedrastbothisides efehwiththe array, en eech &lin & croseing thaarapdi | y
separate fro S Pt (9) conprising a 20 circular main channel
i Bets B et o

{
(12) with geneﬂ or conical walls, which channel may

conprise a flat z@2e, tomethudiadcosdingltowibiens rolviiiverin raiditiondd thd fiwar ds an
exit orifice fromwhich it will |leave the die as a tubular film structure
(16), char actRPNd &there srarpliedial Ieast eng aiore fin i thgaMinati®na channel

di sUUibubhon el adhideldn thel sdib i s8¢ BidoRlood bl cdskiPllsioh afia thdrpy & array
of 25 narrow cond nolten polyner " material, said channel

di stri buti on mygitdedwtink agrface layei ofcut@npositivroddapied tmadntooliittiboadingll) in
the outward .general.ly, cylindrical or conical Il of .the i.n_channel . 38.
A circul ar e%ﬁ?hﬁ[agﬁn%ﬁeemggﬁ%ry ﬁ&WOéﬁWﬁW%émmgPBWE@ O34 hat sai d
ci rcunf er ent i glosE sLibIs R tisé 8fréSgthlof MeberdiAg bevornss igher Itfan the the exit 30
part and conprises for equal dividi n%zg | abyri nt hi ne channel system (10) 10

FEBRUARY 2006Pondinsssteengis etwegre@ad Bragdhe locations which are devoid of the
15  coextruded strands.

33. A method according to any of claims 23 to 32, characterised by

the following further features:

a) the thicknesses of the films used to make the laminate and the
stretch ratios are adapted to give the final laminate a general
20 thickness of at the highest about 0.3 mm,
b) A is applied as one surface of the laminate,
c) the laminate surface at least on the A-side is embossed to form
a visible pattern of striations along one direction constituted by
surface corrugations with corresponding thickness variations in
25 A, the divisions in said pattern being at the highest about 3
mm,
d) the material for the strands is coloured, and the rest of the film
A is maintained sufficiently transparent to show the coloured
strands when the laminate is observed from the A-side,
30 whereby the depth of the corrugations is made sufficiently deep



42 starting at each inlet, each such systemconprising at |east three
channel -branching 39. A circular extrusion die according to claim 38,
characterised in that the channels of the |abyrinthine systehf SEBRYMRZ006
termnate in a comon circular channel Rhaving a wall comon with a part of
the generally s cylindrical or conical wall of the main channel (12), the
circular row of intern Ll | ' | I tz 40.
circul ar extrusion di ePda IC&th}eﬁ%@n&ﬂs&hg%ﬂ%r%ﬁ%tﬁgeﬁr& %g',e%%\%grcgjgltb'esri sed

i n that the circunferepgediftanthfeomnmardrinidhs at the exit is at |east 20 cm
and the distance frommddle to mddle of neighbour orifices in 10 the

circular row i s ad4pt ed methmdoeransding tocelainh 8 3raligiatiatiseiddvy Be r educt i on
which will h if .th | | f the.mi h | | i cal ,
di'st ance. 1 r GHAPAEING iR dssdhe Her B AF B R Rete uaRRTEn e | ne
hi ghest $ C;Bsrogg;ﬁt /gdg%?harm |&nfHtiort Beford &rﬁf?éldeéfgbﬁsrﬁ’rh%%g{?@’beﬁdiwggher

than 2 cm circular extrusion die according to any clainms ™37 to
40, in whi chraudgh bhemalngretpaithef meduallyf ioterousstting girogvedh eoléarsdblyiwisithand
second nolten polynmer materjals there are neans for coextruding a circular

flow of a ttReRMEeTSIRa SKRR 21RO SrRIERES e BMIPREe.si de of the first materi al

which is oppositg:the é@(ﬁ? I &ﬂa '&zt%ﬁti t%ﬁ @ .
arrangenents 20 f%5r' joﬁﬁﬁ%@%ﬁhe gt@ tgf iéﬁﬁgﬁg |Or%4' ra iyé%lm
provi ded ei tthet said fireeswdack |1ajies ton &adh ohtheafiims ArandBaoquupledat een t he
| atter and the bodi I(y separate exit _part. 42. An apparatus for

manuf actQr i AygRest t2%, peaferaitly at i higheasy 1086 @ndbmarearefarablygtithem A and a

die for coext. | fid . I - S [ onprising a first
distributio 'éﬁg%tn%é’)dfitﬁb&ﬁi‘%’ﬂgéﬁftvgggbr%&t@ﬁ_‘Ing'_ material can be
formed into a genggal | X restedf dcpsrdingstecarydotitlainms 2@t tod®s Réaractet)sedinwhi ch
a second nolten polyner material can be fornmed into a flow, an exit

or : fice, ian that thepaveragempeltisompiat aking mmfﬁilféﬂ; whigh) copstvitithee strand fir st
. ) ! e 10,
%0 11 ac. onouPReH A AR 16 AT B R BV B ey NS S

nol t en 3 ol yidre Egﬁ,if@rrdbw at Rdstaboat 201¢ aseerd fgerthenavirageiriéltiel poiat bf ow of

said first 10 FEBRUARY 2006 WD 03/ 074264 PCT/ EP03/ 02827
the polymers which constitute the main layer.

>

37.  Acircular extrusion die comprising a distribution part (8) in
which at least a first molten polymer material can be formed into a generally
even circular flow, and bodily separate from this an exit part (8) comprising a
20 circular main channel (12) with generally cylindrical or conical walls, which
channel may comprise a flat zone, to conduct said molten polymer material
towards an exit orifice from which it will leave the die as a tubular film

structure (16), characterised in that said exit part also comprises a channel

distribution system (10) for circumferential extrusion of a circular array of
25 narrow strands of a second molten polymer material, said channel

distribution system ending in a circular row of internal orifices (11) in the

outward generally cylindrical or conical wall of the main channel.

38.  Acircular extrusion die according to claim 37, characterised in

that said circumferential extrusion starts at one or a few inlets (13) to the exit

30  part and comprises for equal dividing a labyrinthine channel-system (10)
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| ami nating A and B by application of hedf; characterised in that the
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than 2 cm.
15 41. A circular extrusion die according to any of claims 37 to 40, in

which additionally to the means for coextruding the said first and second
molten polymer materials there are means for coextruding a circular flow of a
third molten polymer material on the side of the first material which is

opposite the second material, characterised in that channel arrangements

20 for joining the flows of first and third materials are provided either in the said
distribution part, or in a part between the latter and the bodily separate exit
part.

42.  An apparatus for manufacturing a cross laminate comprising
die for coextruding film A and a die for coextruding film B, the or each

25  said die comprising 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
exit orifice, an exit part comprising a main channel (12) to conduct said first
molten polymer material towards the exit orifice and a channel system (10,

30 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



44 at the sanme point as the said |lam nating neans, in a |ongitudinal and/or
transverse direction. 48. Apparatus according to any of cl aid‘ﬁfﬁﬁukﬁy%odin
whi ch the arrangi ng nmeans are adapted such that said surfa ayers in
directly 5 contact said surface |ayers on B. 49. Appar ategppe5eeshi ng to any
of clains WQWY*H? in which the arranging neans conprise neans for
extruding a lamnating | ayer between the surface |ayers of A and B. 50.
Appar at us accordi ng to any of clains 42%%0 49 which further 10 conprises In
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strands of e%m thg ?t §$ the strands of A on the side which faces the
respective f| £x %Bﬁ ‘at us according to any of clains 42 to 50 which

further =onpri sesemgdssamgndiBg e bsnteaipssArpdiB buehthdomessaieam of the
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10  polymer material provides a flow of said second material which is

discontinuous in a direction generally transverse to the flow direction
whereby each of the surface layers of A and B is formed as an array of
strands and when the films A and B are arranged with their surface layers
facing one another the strands on A cross the strands on B.
15 43.  Apparatus according to claim 42 in which the or each said die
is a circular die according to any of claims 37 to 41.
44,  Apparatus according to claim 42 or 43 in which the laminating
means apply heat across the entire width of A and B.
45.  Apparatus according to any of claims 42 to 44 in which the or
20  each said die is a circular die and comprises draw-down means for the
tubular film which provides significant melt-orientation with the direction or
the main direction of orientation and the direction of the strands extending in
the axial direction of the tubular film.
46.  Apparatus according to any of claims 42 to 44 in which the or
25  each said die is a circular die and comprises film take-up means which
optionally rotate relative to the exit orifice whereby a main direction of
orientation of the film is helical along the tubular film and which further
comprises cutting means for cutting the tube at an angle to the main
direction of orientation and to the direction of the array of strands.
30 47.  Apparatus according to any of claims 42 to 46 which further

comprises means for stretching the films A and B upstream, downstream or
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at the same point as the said laminating means, in a longitudinal and/or
transverse direction. .

48.  Apparatus according to any of claims 42 to 47 in which the
arranging means are adapted such that said surface layers in A directly
contact said surface layers on B.

49.  Apparatus according to any of claims 42 to 47 in which the
arranging means comprise means for extruding a laminating layer between
the surface layers of A and B.

50.  Apparatus according to any of claims 42 to 49 which further
comprises

in a die for producing A, a channel system at each side of the main
channel for A which conducts said second polymer material in a flow which
is discontinuous in the transverse direction whereby surface layers are
formed on both sides of film A as arrays of strands and wherein a film B is
arranged on each side of film A with its surface layer facing A whereby the
strands of each film B cross the strands of A on the side which faces the
respective film B.

51.  Apparatus according to any of claims 42 to 50 which further
comprises embossing means for embossing film A downstream of the die
exit with a pattern of striations constituted by corrugations and
corresponding thickness variations in film A, with the striations being
separated by no more than 3 mm.

52.  Apparatus according to claim 51 in which the embossing
means is located downstream of the means for arranging films A and B and
comprises one or more pairs of intersecting grooved rollers which stretch the

films passing between them.



