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films of crystalline polymers are known to
exhibit a generally highly advantageous
combination of different strength  prop-.
erties of which the most surprising has
been the tear propagation strength (cf. US
Patent No. 3,322,613) especially when: the
bonding between the layers is sufficiently
weak that during tearing from an incission
the layers will delaminate around the notch.
As a result they split or flow in different
directions and the notch effect is smoothed
out, this being termed a “forking effect”.
Sheets of this kind are particularly useful for
various heavy duty applications such as
tarpaulin substitutes; cover sheets, heavy
duty bags, and heavy duty wrapping film.
The most expedient method of producing
a sheet of the above kind is described in
British Patent Specification No. 816,607,
and consists in strotfigly orienting the
molecules of a tubuldr film- in. its.
longitudinal direction, helically cutting and
unfolding it to a flat film with the
orientation at- bias .(e.g. 45°C), and
subséquently continuously laminating this
film with a similarly produced flat film,
while the respective directions of
orientation are arranged in criss-crossing
relationship. =~ =~ =~ .. o
It is known that, for a given thickness, the
tear propagation resistance is pronouncedly
increased by use of 3 layers with 3 different

" directions of orientation, e.g. obtained by

laminating 1 longitudinally oriented film
with 2 films which are oriented at bias as

. z. l
hi @misatengict

$relimif is-abgpy 50
: -layet " laminate” (whic
mentioned above is necessary for proper
utilization of the tear-stopping effects) it is
about 90 gM2. = .

_ A second draw-back is the practical
limitation in width caused by the rotation of
heavy. machine-parts and bobbins in
connection with the spiral cutting.

" Generally the width is limited to about

1L.5—2M. . .

- A third draw-back relates to certain
energy-absorption values for the cross-
laminates. Relatively low energy-absorption
has been found with regard to high-speed

. tearing (Elmendorf tear test) and for low -

and high speed tensile testing (TEA strength
and Elmendorf impact strength). It appears
that the very anisotropic character of the.
layers is disadvantageous. If for instance a 2-
ply cross-lamindte of this kind is drawn.
paralle! to the direction of orientation in

‘one of the layers, then the yield point and

the elongation at break are.in essence
determined by that layer. R

Earlier attempts to overcome the above-
‘mentioned drawbacks, and to provide for a

‘cheaper production process for a product

with similar or analogous properties, is
described in my British Patent Specification
No. 1,261,397, In that specification a
process is disclosed which produces a criss-
crossing structure ‘through a die with
rotating parts, while forming in the same die
a soft and weaker middle. zone by

coextrusion. The method comprises

coextruding several concentric or almost
concentric layers of crystalline polymer
alternating with layers of a softer polymer,
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c O ndl tions each layler, with the direction of orientation
' 35 in dlfferent layer criss-crossing each other.
-In order to obtain such uniaxial orientation,
the second material must t. be very prone to
yield, e.g. because it is still molten or. semi-
molten while the first m material is solid, and
the filaments of the first mate must be
kept straightened out by biaxial strain. =

: Although the above method would in'

fmncr ple solve the problems. of’ obtammg a

wer thickness and higher . width in cross
laminates’ there were found some essenti
difficulties” during the later - technical
developments. It was confirmed that the
extrusion method was commercially feasible
for manufacture of unoriented film with
“high tear propagatlon strength, but with a
- low impact strength due to 't the - lack of
orientation. However, essential drawbacks
were found in connection with a subsequent
biaxial stretching. ‘As also indicated in the
above. specification, one must use 2
ber of rows of the. teeth

relatively great nuin
in the extrusion die in order to obtain the
is necessary. for the

_fibre finess: which

stretching. system.,
~This, howevert, ade the mamtenanee of

- the die difficult and caused frequent *‘h ﬁ
up” of polymer- lumps between the teet
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Further ‘the interaction between the teeth

in one ha 1f-part of th die and those in the -~

* directions but with
: angular spee

' weak bonding involves

T
of naxpd m
merrc matnx, 50 as to’ Xuc?&:lu?hachl ng
t stretching a grain of poly mer along the 100
dn'eetron of melt stretching, as described.in
more . detail in my cOg nated  copending
g plications 2 9807/74 “644/74 5971/75 and
5972775 (Serial 26722). Thus, as -
explained therem a fibrrllar grain structure 105
having 2 predommant onentatlon of
splittability after solidification- of
¢ laminate into a film may be ‘obtained.
“The -two layers may be rotated, in’ the
method of ‘the invention, in dlfferent 110
substantlally the same :
One method of -producing the desrred : .
s forming the layers: -of '
polymers that ‘adhere poorly to each other. - 115
Another method involves coextruding
between the layers apolymer for controlling - - s
the adhesive - strength, this- polymer" for
example being extruded in stripes of being -
otherwise interrupted. ‘The adhesion 120
controlling polymer may. .be an elastomer
“having poor adhesion for ‘the ‘polymer
inatenal or materials whrch form the tubular
ayers
Each-layer may be an array of streams,
which will. of course ‘merge to’ form- the
layer, and the melt stretching: may be
performed by passmg the matenal of thlS'.
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transverse stretching -is completed the
longitudinal stretching may be conducted, a

substantial transverse contraction

rreferably being effected during the
ongitudinal stretching.

The polymer material for the tubular
streams may consist mainly of polyolefin..

Preferably at least one of the tubular
streams consists ‘mainly. of crystallisable
olypropylene or

hen a polymer for controllin,
streams a -suitable material is ethylene-
propylene rubber.

For more details of methods - of
conducting the biaxial stretching, for
polymer materials that may be used for the
layers .and for the properties of products

invention reference should be made to the
aforementioned copending applications.
The invention includes not only the
described method but also the apparatus for
carrying- it out when the weak bond is
produced by coextrusion of a polymer
between the layers. Such apparatus
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film cross-stretched according to the
process-line of Figure 3;

Figure 6 is-an enlarged cross-section of
the film of Figure 5 as actually observed by

- microscopy. However for the sake of -

clarity, the thickness is shown on a scale
twice that of the width.

“The extrusion die shown in Flgure 1is an.
- example of one that may be used, in which
golymer-m-polymer dlspersmns are

two
extruded into a common collecting chamber
through two rows of partitions, which are
rotating. in opposite directions. The two
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_dispersion streams 1 and 2 are fed through -

iniet channels in the lower part of the die to
annular channels 4 and 5 respectively in the
two walls in the annular track 6, in which
the two rings 7 and 8 are moved in opposite
directions by driving means, e.g.. b¥1 teeth
and toothed wheels (not shown). The two
rings 7 and 8 are supplied with rows of
partitions 9 and 10 respectively, by which
two rows of openings 11 and 12 are formed,
through which the two 'dispersions are
extruded into the collecting chamber 15,
formed- by the two parts 13 and 14, and
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kept strai ghtened out by biaxi al
grain structure

orientation of

pr edori-pant

strain.

expl ai ned therein,
105 Al t hough the above nethod would in
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havi ng a

splittability after solidification of
the lam nate into a fil mmay be obt ai ned.
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circular - distribution naf athe - ;ia!umemtaat iAngartdhendyaber extrudedtiny stripes. one

explained below, -a fixed bearing part (18),
and supgorted here by the two rotating parts
(19) an

(21). The polymers blends (A) and (B) are

. . fed to the inlet part (17) where they are

a5

50
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_bearing part (18
- arrays of channels (25), (

55

dlstnbuted in concentric

conduits (22) and (23), for which either one

‘or ‘two extruders may be used. (B) is
- extruded through' the annular conduit (24).

For even distribution, (22),(23) and (24) are
supplied with distribution baffles or other
distribution means (not shown).

For the sake of clarity, the bearings and

.sealmgs between the bearing part (18), the.

rotating part (19), and the rotatnng part (20),

- are not s own, neither are the drives for(19) ]
- the "pleats producéd by the transverse
.- stretching. Over the idle roller (75), the film
-(79). enters section “R”, the longitudinal

and (20).

From the three anular coriduits (22), (23)..

and (24) the {)olymer ‘streams: pass the
through three - .circular
6)-and-(27), each
communicating with an annular chamber
(28), (29) and (30) respectively. -
The two. rotating parts (19) and (20) are
preferably rotated at almost equal angular

speed,” but in' different directions, as.
- indicated by the arrows (31) and (32). Each.

rotary part-in itself is'a coextrusion die for

- two layers, one consisting of (A) and one of

- (B).

of thé sake of clarity,  reference

figures for explanation of t e

(20% which form one exit orifice

circular streams.
(A) is extruded- through the annular

flow - are
shown  only on part (20), but the ﬂow

However, if the channels 22 and 23 are fed

with two different. polymer blends, that are
mutually incompatible, the polymer B may
hesive with a relative strong bond to.

be an

2100

the two polymer blends, and it must in that ™ -

case be extruded in stnpes or otherW1se
interrupted.

A preferred cold-stretchmg method is.
indicated by the process-line of Figure 3, in

which section “Q” is the cross-stretchmg

line and section “R” is the longitudinal -

stretching line. The system ‘of rollers- in
section “‘Q” consists of driven nip rollers
(71), driven frooved rollers (72) idle rollers
(73) and rollers (74) having a longitudinal
section resembling-a banana. The banana

stretching line, where 1t is drawn through a
water bath- (76) serving to remove heat

‘generated by the stretching and maintain a

suitable stretching temperature e.g. at
20°—40°, Finally it is wound onto a bobbm

(77).

The arrow (78) mdrcates the machme
direction.

rollers (72) are shown in detail with the film
(79) pressed and stretched between the
teeth (80) of the rollers (72). - '

In anure 5 the relative lengths of the

105

110

‘rollers (74)-after each step serve to draw out. -

115

120

- 125
In Figure 4 a pair of. driven grooved L
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Prior to uniting the layers with nutually another in the die and for

si mul taneously crossing directions of stretching each |ayer nelt
stretching each layer substantially in my itself be forned fromtwo or
more one direction, neans for coextrudithg 10. other |ayers, nanely by
‘passifig two or nore between the said |ayers a polymer for 75 tubul ar
layers of different' polymer material controlling the-adhesion strz%iéh and

means together through a conmon rot ated di e-part. for bonding the | rs in
‘the die, wth.thei'r and coextrudlngthem |ntoac'ommn di rections_ef  nelt
stretching crossing each chanber of thg 'sane rotated-die-part, ot.tger '
i m"redl at¥el ) nrl or to their nagcaae hg;_eh\/ el L g O .r ot at ed
fronTthe axbws ialtid stridtions Emtblll wf tﬁéfﬁltﬂEademfmbn d&ﬂlgtthlé);dsage ttaguzh theSuch a

met hod i s % | luc;tltcatat 1 atheo@la@w af hecoﬂﬁyes chamber alar&utbls exitislet oo 2% one
Figure 2 éQ-‘ "E ergt B e aggﬁ dge U for
rotati ngj. t e coextr | on [6gliEduhl QRMGS bt @hesi des of
t he exi ‘&_,sllotFlgteé ét syweell as mnﬁlgurgtﬁathed tdbtttar ﬂm,ttht stkee@nqxlvasérsoweth circul ar:
anot her . and 1II indicates the striations, A  out laterally using from 4 tﬂq% ste idh will
now be de &eB a,lii-esglecttvely abov hlll\::g t Qg‘e ree}fter lon&udﬁn %ﬂ% tltlo'ﬂnérﬁxd fail with

_referemechanadt eFuhlmrmar ﬁsh&ml elh ted;at(mlasurs bf a»tma :Iayxost seetchég i n the of
whi ch sol %? tdie gyter lﬁwrstatﬁ ad82) g mr@e etmpera@f eg j5atio; am .@gseltﬂ i{tows a

section t §ﬂ°temé€ %‘;ﬂ'ﬁﬁb ﬁ‘%%g ttﬁP‘Tl‘{y Bl q €Xt rusion
di e accor girther epvek lBﬂ: mr vélyhigh '
subst apg i al Theg follO\Vingus ear12 Fshmls qfnthperqf acuemdﬁwtmn,t‘tPE gtandstfotr oom

't enper at uff¥eRtoBe d ?'tﬁhlép lysgh o er com

p rises Shi A sef es g s%gjiy all %aSe sl%%?e‘?in t‘g h@im- yégg" b%l?‘fél‘dﬂ

i nventi onshmrhfa ufeam: Thediamné texttﬂ‘ t\rl gg r@ym ywithv rhinot’ \WnaﬂunbEr- rotating
an

exit sPbt S' rdie e 3%@93?‘5‘0 prds foreans t o
extrude typ é}: '@:ﬂg}( Qﬁ“ﬁﬁ,ﬁhﬁ ﬁlﬁﬁ ygt’%h‘ﬁ’bl"i ngis
ext endi ngwhSéIDtmeans that the amount of - subst a he

ntlaIIy in

-I"ongi tudi nal -direction of" Flgure 3is a. process line of a preferred the
sheet, for exanple by paSS|ng inanp cold stretchlng met hod; bet ween
grooved rollers with the grooves.. Figure 4 is a detail of t he ".grooved

parallel-with or forming a small angle with rollers" which perform the
transverse 35 the nachine direction. This method: of 'stretchlng i n uneven
zones, called 100 stretchlng the extrudate is described and "striations";
claimed in Application No. 16900/ 78 (Seri al Figure 5 is a schenmati cal
sket ch, on an No, 1526724), and, as described thereln enl arged scal e, of
the pattern of the gives transverse -stretching. After the striations and
the orientation therein, of a 40 transverse: stretchlng IS conpleted the
film cross- stretched accordlng to the 105

F)



| ongi tudi nal stretching nmay be conducted, a process-line of Figure 3;

substantial transverse contraction Figure 6 is an enl arged
cross-section of preferably being effected during the the filmof Figure 5
as actual |y observed by Tongitudinal stretching. . m croscopy.
However for the sake of 45 Thé pol ymer material for the tubular ‘

clarity, the thickness is shown on a scale 110 streans mey ‘consist mainly
of polyolgfin. twice that of ‘the width. Preferably at |east one of the

t ubul ar he extrusion die shown in Figure 1 is an. streams' consists
mainly o rystallisable exanple of one that nmay be used, in which -

pol ypropyl efie.or_ hiah density polvet hvb¥6d23  two polvier-in-polvier 6 !
di spersi ons are- ‘Wien a.pol yner-.-for..control ting bendi ng.. extruded into a e
common col I'ecti ng chamber- - 115 strength is coextruded between ‘the’ t ubul ar
t hrough two rows' of partltlons ‘which are streams a -suitable material is
et hyl ene- _rot-ati:-ng in opposite. directions.” The two propyl ene rubber.

dispersi()n streans-1-and 2 are fed thre uah Eor_nore de ails .rret'"ro
inl et channels inftie 1 Ary q -85 |.cpndu t e pi
stretching, forg-annulpr{char S gtipely|i 120
materi al s that ;_E‘a‘vEtez- ¥ . 4 . (T ghh &K
whi ¢h | ayers|arabitr T DET 1 T'g FYpe Ty 31 °af
nmoved in opppsd elt Hat| obt af n3 hod pf - difr det |
driving neang. '-hy' h lnveq : sholild Le'fn'_
t oot hed whee sa(ggt sh.b. Y| Thelt\ of efrerjt i ongd- ingd | .| -
applications] o=1%EHs & B fiRe if &l ™M ERY SR 1 [Be) F [Re¢nti on
i ncl-udes not oﬁ'l_y. tHe |partji t) ops | 0 e} cty vel y, Wi ch fedcri bed
met hod but a'scg)t-lTe ap us} f or. wsf o1 qpeni hgg U1 and. 1P a-r'g .
formed, carryi @i fou B fheny & jos | =tlhr pugh (Wilishotikeltym |
' di spersi onslare prdaued™dy’ Loext 82l garyyes | &X ¥ M8 |t he
collecting c ar@g 15,1 6% Joefwgen ayer$. |Suchlagp [ of n§d . by
the two part§2Eandsite |are fede 2 lzlzlzlzlzlzlzlzlz izl
1,526, 723 ~EE - 4 ltef.m ndti thelejit
slot 16. For \%EVTrug g._rt; g |rSysrmrar Tl = _
sinplicity tihe paf gk et N SqEa¢E g %_c 3 (S HERVE | BA) -
passes into ghapn &4 ERilallS|exedidihy’ |Bup= | % ?j y?ﬁ]@r'&- %g part
t hrough chanfpels-{(33)] tlhdy pr¢ gl aced 4t pnlarlgle folth adi Wil e
pol yrmer bl en £ | frlon] = Hartteet = ( 30)e Be | dilr et { o< b, prdeehs | £ie f=f adt i on
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lines in the extruded sheet. By the extrusion channels (34). Inside the
rotating part are through the two rotating rings 7 and -8 the two annul ar
conduits (35) and (36) in two dispersions each becone attenuated
comuni cation wth, respectively the and.thereby acquire a fibrillar-
sor phol ogy channel's (33) and (34), ‘and separated from 10 - and thus a
direction of splittability, as each other by a thin circular wall ).
75 di scussed above. The two arrays.of: FBV|ng passed t he edge of e wal |
(37), attenuated streans thereafter unite qin the (A and (B). nerge-
- together in an annul ar collectlngf 2 15 to forn1a Ian1nate7collect|ng
chanhei £38) — whicht-ori-Ratoc— 8 - prsiret 0gy. The
inthe exjit orifice (21) By t he passage 15 thlckness of this |'ami nate is
-reduced by the through the annul ar conduit (35) and the 80 passage
through-the exit slot 16 and further collecting chamber (38) t he
~ .thickness of the b a normal dramfdomn and bl ow process. - fluid sheet is

st rongky reduced ereby—-the el cfretched both in the
material is attenudted. Iowgi th PHSV rse direction at  The
spartitions between fad %gent : 1a 1y low tenperature.

- Oming to the (33) [and=(124)w jaspers i wek Qﬁ il 1@ |l 85 two different
fibre directions the gwd-hat'f ' Te a3 .. For the sake of
parts of the film dxbijt: | er bplli h rity they extend

~radially“in the dr gwrg—et-+ - ¢ gl tearing. The but in
real fact they shouldagp fprm 1i 4 r gm Mhi ch the two
hal f-parts are andl ee@mi|ih|R e t ud& the 25 forned, are-so
sel ected that they jadgerfe |t he ng di e-lines. 90
- poorly to each other.gghe_wa. DY yifer| A" is-preferably a
~blend of two del amijnaf&qd [ ar &h& | -inconpatible or
sem - conpatlble pollyoerd, In whi edriing takes place, while
" Pol ymer B" is adapteddlo pi i 4 ~4nmopt h out the notch
“effect. 'isheet a s @é;ﬂl@ © R4 @19t 30 - The die shown
in Flgure -2 consi stiS"of {f obir | DI ¢ . §. |consi st of an el astoner
95 main parts, viz.[a Fijkep.i B Mnrch is -a poor adhesive
for the two Iayers Ci E I§r§c éf §cEy IS as A, and may be
extruded in stripgs. Bxp=|ng 17Aed| Bearirnp part (18), = However,
if the channels 28 fang 2 " Rr g bpdr tedihgref by the two rotating
parts with two ch:freg 1t pEl ot B4 B (19) and (20) which
form one exit or| ce F ral ] e {0, yner. may 100 (21).

" The polyners bl ergs (A) fanp AN b e W th a relative strong
bond to:-fed to t 1 nEét pprt §T & the two pol yner blends,
-and it nust in thdt dﬁét_m DSt i ¢tilecul.ar streans. ~case be
extruded in stri pes o_.géq NET ISy Bkt Ui étﬁfough the annul ar
interrupted. 2S|E |8 JE R E K (R E o
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40 conduits (22) and (23), for which either one A preferred
cold-stretching nethod is 105 or -two extruders may be used. (B) is

i ndi cated by the process-line of Figure 3, in extruded through the annul ar
condui t (24) whi.ch section " Q is the cross-stretching For. even

distribution, (22), (23) and (24) are - line and section "R' is the ’
| ongi t udi nai supplied with distribution-baffles or other: st retching I I.ne.
The syst of rollers in 45 distribution 4eans (not shown).

section consi sts of driven nip rollers’ 110 For .t he sake of clarrty,
t he bearrh s and (71) drrven grooved rp=- . (72) |dIe roIIers sealrngs
bet ween t he bBai=rig- el SO e Rt ns s o STV Rad

| ongi t udi nal rotatrng part (19) and the rotatrng part (20) sectron
resenbling a banana. The banana are not -shown, neither are the drives for
(19) rollers (74) after each step serve to dramrout 50 and. (20). .
the pleats produced by the transverse 115 Frontthe three anul ar conduits -
(22), (23) stretching: Over.the idl-e-roller (75), the filmand (24). thé S
pol ymer streams pass the' (79) enters sectjon "R, the Iongrtudrnal bearrng S

part (18) t hr ou _ r-r._-r-m Al —stret chi '1r1 Line: .".'f'. Ls. drauwn
through a arraysj.ef jchHanpe s1(345)} 26)aanj-~2 ,{ eqch - pat. 6 _
serving to renovig2heat! 56 -|c¢miun| catiing Wit an pndutfar | chi at ed
by the stretchi ane ey nt ail e 1& 1120 _(28)% tig’) 2 g :
sui tabl e stretchj. ¥p? sy | B =d e [Fhget wo| & i ¥ H
(20) are 20[err 40.1 Fingl Fly:- ]t }i 4.wound jonft-olalb nt
rotated at al nos : aﬁﬁgraa“'_?*%.,s_cedrj Ao erf—H-He .)ng,
as The arrow [ 78)|S|8112#848 S S 1848 18808 I31B(8 81| By e (31)
and (32). Each pigq&lediS|S|g1s }’?&‘% F15F1515 61;:‘jzr ek tin
itself is a coext8Ust rg:ge_'g'fgr’g,glg.._l'-"g'ggrgig'eg_agig” eI L giepl2d two
| ayers, one cons ..st o ‘O« ( A)) ol | Enet & | =DMy R | £12) 1 a8 | =il Rt ai l
with the film( R ﬁ thelsdkdg of. ¢l arityl. rlefereénde S TN - ebsdd hndl
stretched betweehst H& i §n§s§ : §x§t§1%i gsf 184S 1918481218460 80)
of the rollers: (75%'@.1 ¥ QVJN-'_ 1y qn'ﬁ%“?(?ﬂ %'ELW FPeTHROM (5 |7 [T
Figure 5 the rel ht F'Y& %gtﬁﬁ' sl8d8 BB I1S|B] (81818 §é glg8ig|ls B
1,526,723 R A N b A1l g_arrors'rnrtwe sty atijonpg " § and
Il of the fil m§ pt gnufat | of I thel. ppsgade [hioyghf the J(79) 11 rfdi tafe
the rel ative ar&uﬁggl‘;b”% .§(EI R M&P:t@wﬁ i el BBt Bl DY 2B | 225
orientation agh|gv d | By R kgl | shalil gr | hqn fi s|.pyeflerred. {The |
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ure 4. :
Ne In Figure 5 as wel |
Lirst carried nunbers |
glal |y usi;ng from4 to 8

After the |ongitudinal cutting -,
as in Figure 6 the tubular fillm the stretchi n@;
and Il indicates the striations A out B
'steps and ? g B respectively, di s_cussed9

““Mng wi dth and uneven steps. The conposition, flat tube: wi dth 10
cter. Furthernore it should be noted, (mneasure of blow ratio),
ching that the outer layers (81) and (82) of the film tenperature,
ch ratiogesand results (79) are not always symretrical wth respect
appear fromthe table below "Nov" stands 35 to the thin md-Ilayer (83).

Thi sjasymmetry for Novol ene, a gas-phase polynerised further serves to
nmekejla -t ear fork. Rot-yR{-opyere-—uithre lvely high contents 15 The
follgwi ng is an Eb_?m)le o‘f’ hg |[of JtHe jt fct]i c di fi cat®on, "P&' stands
for i'nvention. |3 lfowf dén 'L)goggl yeuhwhepeg » EPR’
: Joe ; E.2
stands for A serilBse oF |51 s [/ [2 bade|®hIdel po) efFHE Ehyt%wifﬁ ORYd ene
rubber, "SA 87243 D ) Peyriti 2 Wars) Dt od et %y.‘th‘e exd E‘d.’s$g°n ig@ggng and
"8623" are diffedant|types of |[sHowh in i gurle p. | THREdneet- P@E&h&_%xit
pol ypropyl ene wi i TTTfcoftgmtis—p120t—trdqt—21)5 B & fe A& 31@_5 E® mm
and the. polynerijsed|3t4BJ208. SE;PR PESSESind] fpr aﬁﬁ&&:of&%ﬁw; ata 1
mm_ The greatest [weailif |50} p EI gpigcff» & %I ene- pr pBkend r wRiRE of othe
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9 1, 526, 723
9 [err] 9 1,526, 723
9 [err] 10 1,526723

TI0 Torned of a polyner-in-poiyner dispersion
gr.ooves being so as-to produce by the -nelt stretching a parallel
formng a small angfke; with grain of polymer along the direction of

t he machi ne directjon.

16." A method according to claim 15, '5°
co

the c
| ayers

'65 stretching.

4; A met hod -accor di ng to
rising longitudinally stretching the preceding clains.in
e lanminate after the tradd¥®i¥e stretching

rotated in.

grooved rollers with the

with or

()
a ubf

whi ch- two
rﬂf-ferent-

di r.ect

stretchi.ng. 10.- preceding clains, in which the generally

ions but with'

~ 17. A nethod according to claim 16, in substantially
t he .same angul ar speed.
5. A method according to any of the

which a substantial transverse contracfion .is

70

ef fected during-the | ongitudinal.

18. A met hod

accordi fig.to any of the weak bond is, produced by form ng the: preceding

claims, .in which the polyner layers of -polyners-that adhere poorly to
material “fopthe tubular streans consjst ach other. -~ ~ .~
A ,-nazgly'of_ oljyoletin..] | | .~ . .]75 6. @ nethod according
to any of c|l®ins 1] {199 A netho ing LQ Glal m.18, i,glf'.g.,. .to 4, in
o o\ 1B n 1 | : ) ! . ) 0 2~ ]
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extruded -in stripes. or
I nt errupted.

19, in 8.

i's otherw se'

hi ghdensi t ypol yet hyl ene.
21. A method according to claim
A nmet hod according to claim6 or claim

whi ch for

control

of

bondi ng strength . 85 7,
et hyl ene- propyl ene rubber
~"bet ween-

poor
22. A
accor

23.. ApR

each | ayetois. an.

t he tubul ar | ayers. adhesi

In - wnich the adhesion controlTing
I's coextruded 25 pol yner

ion for the polyner

Is an el astgoner with a
mat eri al
Ian1nate made by a net hod naterlals whi ch form the tubul ar
to any preceding claim 9. A method according '
tus suitable for use in a nmethod 90 preceding cl ains,
. according.to clalnlLﬁﬁdﬁbr|S|nq a circul ar.

or .-
l'ayers."'
to any of the
I n whi ch
30 arlPay

streans: andft
means perfor
| easgraif w[pdl}m\ﬁr elfonme dirédtiom of melt

sl ot at.
t ubul ar

stream ol%yi‘:g&““?h a5 i B

stret chi ng 'irptatdd0
a reducti on sobstdntielly the sdmee

and the nol teFr f\uﬁ‘ﬁha jﬁ
r’g ql%‘s 1

stretchi

e b R Mo

a 10

i
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sierding 19 12l ains |
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_._Q_

in one dir eclhyemof palpmers phamueragmo lﬁtm materiahfor hh rtuhnlartsareamss corfsiss
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~ directions of -stretching, each - layer: is.
formed by
layers o

-~ state in at least two separate steps-each of ©
' ‘means for coextruding them into a common
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precedm% clalms, in which prior to the .
uniting of the layers with mutually crossing -

passing - two or more tubular :
 different. polymer ' materials -
together through a common rotated die part

" and -coextruding them into’ a common .

chamiber of the same rotated diepart to form-
a_composite rotated tubular layer. . '

“12.°A method accordmg to claim 11, in :
which the "coextrusion in the common '
rc‘)ltated diepart takes place -over a circular :
edge.. -
13 A method accordmg to any of the _

: {)recedmg claims, in which the solidified :

aminate ‘is “biaxially stretched in the solid :

which is essentially unidirectional.
14. A method accordmg to claim 13, in
which the stretching in the solid state is
caried out: substantnally at room
tem; erature :
“15. A method accordmg to claim 14,

. comprising several steps of substantlally
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polymer “for controlling the adhesion

. strength, and means for bonding the layets

in' the die, with. their directions of melt
stretching crossing each other, 1mmed1ately
pnor to their passage from the exit slot..

24. ‘Apparatus according to ‘¢laim 23 in-

‘which: the means for" rotating the layers in

-* the die relative to one.another: comprise
means for rotating the opposite sides of the .
“exit slot relative to one another. ..

. 25, Apparatus according to claim 23 or -
. clalm 24 in which the means for forming

each of the layers comprises means for
passing two -or more tubular layers of
different polymér materials together
through a common: rotated die-part and

chamber of the same die-part.

'26. Apparatus according_to clalm 24
_substantially as herein described.

27. Apparatus according to claim 23
substantially as herein described with
reference to Flgure 2.
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55 which is essentially unidirectional. means for coextruding them
-into a common 14. A nethod according to claim 13, in chanber of the sane
die-part. which the stretching in_the solid state is 26. Apparat us

according to claim 24" carried out substantially at room substantially
as herein described. 120 terperatiure '

27. Apparatus accordirig to claim 23 60° :15.A nethod according-to cl g

14, substantially as-herein described with conprising several st epso@ﬂ
substantlally reference to Fi gure 2. transverse stretching in a, nip
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