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3 oppouite to that in which thelower mandrel  to the outer surface of
th~eletrudate at a posil rotates.                        b         tion
between the die. and the lowest mandrel  65 -.Thermoplastic  nateals that
can be          partially cools-the outer surface of the film, -StVXruded
through an annular die are discl sed in  and gives additional stabiity to
the process 3'W"Plastic film technology" by W. R. R; Park,  The.exact
position of this air cooling will be pages 21-22  (1969).  Examples. of
said  'chosen in dependence upon several factors, materials are .
polyethylene, polypropylene,  such as, melt temperature, type of material
70 vinylpolymiers such as polyvinylchloride, poly-   used,. output rate of
material, distance: between styrene, polyvinylidene chloride,
vinylchloride/  the lower mandrel and the die, and the direc- 10
vinyidenechloride,    copolymers,    wpr6  toni velocity. and volume of air
discharged polyamides, e.g. adipic acid-hexamethylene di-  from the air
ring. amine condensation polymers and polyesters    Preferably, in addition
to-the air ring, gas  75 .such-as polyethylene terephthalare
normally air, under controlled conditions, pre- Obviously thermoplastc
materials that can  ferably fills all the spaces formed between the 



15  be extruded through an annular die may con   film and each. two
adjacent apparatus pam. tain customary additives such ias plasticize,
Means may be provided for-reheating the colouring material;, pigents;
filler, etc. It is  film  and may be advanageous since the  80 also
possible to use the above and other poly-  stretching step can be performed
in two mers so that the film is a combination of more  stages, and
additional heat may be required :20  than one poalymner.  '     ' -  . -  '
' for bonding together opposite sides of the The preferred thermoplastic
materials for. tubular film  during production to form a makting -spirally
oriented films are' polyol~efins.  ,doubletlayer flat filmn.         85 No
special requirements exist regarding te  The angle of orientation in the
tubular materials of which the mandres are Con-  material may be adjusted
by changing the 25' structed and they may cnact the film inter.   relative
rotational speeds of the haul-off or nally or exlly.,
nip rollers and rotating members of the sys- The diameterof 'the mandrels
is not critical,  tenm Preferably the direction of orientation is  90 but
from- a practical point of view their size  about 450 to the fold. lines of
the flattened is related to  te diamieter of the die. Under  tube. 30
oeitaconditions it is p~re~ferable to have two  The method may be carried
out by using mandrels of the same diamter but: this need   known bonding
techniques prior to wind-up not be the case.                           and
after slitting in a conventional lanation   95 Owing to shrinkage of the
po'ly-as it  step soDtat hefinalhauled-off film is a cross- cools resulng
in frictioa forces acti    -     ate ready for use. - -35  tween the film
and the marels the  uandres   The freeze line, that is, the region in which
having a slight taper can be used to advantage   crystallisation occurs is
preferably wholly on to reduce these forces. T s ce       nss  a mandrd or
in a region between two adjacent 100 



and individual cna  lengths on the indeils  mandrels. are arranged to -give
continuous. produi  at    The ultimate tensile strength (UTS) of the the
desired level of friction and coon  Te   film increases; couple with a
reduction in the use of a knife edge at the bottom sie of any   elongation,
as the final film becomes thinner. mandrel may also be oadv
Preferably    Increasing the volume of air cooling appears  105 the mandrel
has a surface rouGhess of at least  .to slightly increase .the UTS also. 5
micro inches CLA.                           An aapparatus embodying the
invention and 45    Cooling of the mandrels may be achieved  incoporating a
two mandrel system, is de- by :the normal method of passing water at
scribed below, by way of example, with refer- the required temperature and
at an appro-   ence to Figure 2 of the accompanying draw- 110 priate rate
through the'mandrel system.     mg which is an elevational view of the
appaM- Slight creasing of the Bum during the.defla-  tus.; 50  tion step
may occur. Introducing a differen   As shown in Figure 2 the apparatus con-
tial speed relationship between tbe elements  priues an annular film die 1,
a mndrel support can help to overcome this defect  In addition  system 2, a
lower'mandrel 3, an upper man- 115 creating a vacuum between the .mandrels
and   drel 4, water and air sevics 5 passing tough the film or otherwise
presising the film on   the die, mandrel water pipes 6, an internal 55  to
the mandrel can be used advanitageo  y in   heater 7, nip or hauling-off
rollers 8, and an combating this problem, as can gas pressust  air-ring 10.
The tubular film produced by the between the mandrel farthest from the die
and   apparatus is designated with the numeral 9. 120 the nip roll
assembly.                      The deflation system for deflating the tube
is The distance between the die and the lower   not shown in the drawing.
60  mandrel is chosen in dependence upon their    Examples of results
obtained using the Mark 



relative diameters for a given size and the   I, III, IV and VI apparatus
arrangements desired physical properties of the product.    previously
described as given in the following  125 An air ring through which air is
directed on   Tables    [err]    [err] cd    6
1,414,785                          6 WHAT WE CLAIM IS:-
wherein there are two or more mandrels, the 1. A substantially monaially
oriented tubu-  mandrel nearest to the die and the die are lar film tube or
composite film tube of a   rotated and the nip roll assembly  and the
thermoplastics material extruded through an  mandrel farthest from the die
are keen station 5   annlar die,Wberein the direction of orient-  ary.
70 dtion within the tube. follows a helical path    11. A method accordin
to claim.  or 7 which is inclinedIt the axis of the tube at an   wherein
there are two or more mdrel; the 



angle of at least 100.;.                   mandrel nearest. to the die and
the nip roll ; A laminate formed by internally bonding   assmbly are rtated
in opposite diredtiona.aM 10   together opposift side   ons of a tubuar
the mandrel farthiest from the die and the ie  75 film according to claim
1, in face t facecon-  are kept stationary. tact whereby the orientation
direction of one  12. Amethod according to claim:5, 7or layeri makes n
angle with-ueI orientation   8, where  there    w o or  more   nrels,.
direction of the other layer,              the mandrel farthest from, te
die ndr.l 15     3. A lainate' fd  fna  at lent two  nearest to te .die,
and the die are. rotated  80 substandaly monaxialy  riated   yers of  and
the nip rol assembly is-kept stationary. thermoplastics  mateals   ac
etruded      13. A method acn gtoclaimsor7or through: an anlar die, wherein
the orient-  8 wherein there are two or nore mandrel; tion directions .of
the layers are at an angle to  the rl assembly and the mand   fardest 20
each oter; and te orientadondirtio  of  fromi t  die are rotated in
onedirectionwith   85 each layer and scratih lines formed in that in a
which is rotated in the  te layer by conact wit a support man.drel: dur-
direction, and the mandrel nearest to tbe die lug nisnufacture thereof are
at an angle with-  die and the die are rotated in the opposite in the rarge
of 1 to&-890 to each other.  direction. 25      4. A: laminate acoiding to
claim 2 or 3    14. A metihod according to any of dcaims  go wherein the
orientation directions of two of  5- t 13 wherein at least one mandr  has a
the Myers are at right Angles to. each ot  kife dge .ang the die and has a
surface *5. A method of manufactn  a substn   rougbness of at least  micro
inches.CLA. aially monially oriene  filt of thebrmoplas-;   15. A men
odacording to claim 6, wherein y0  tiC material in accordance.with caim  1s
corn-  the n 1ip roll assiiy is rotated. aid the die  95 



prising extrudin  a tubular film of th     is kept sta . plastics material
above.its m ng             1. A meitod according to any of claims 5 ture
throu   aannlar film die, inflating di   or 7 to 14, wherein the mandrel
nearest i t the tubular film with a gasradiallysupprting t dide and/or the
nrrif fartes from the die 35   tubular film-with  tleast one ooledmandr,
are coled.        :                        100 partially coolig the film
with a stieam of ga  17. A methodacording   any of ca directaed
against-the:-extenal suifce of. te   or 7 to 14, wherei air is blown on to
the tubular film betwen  the die - ind mandrel  or sface of the extrude
beten the die nearest thereto, dcolapsing tie tube toV fit form  and the
mAnidrel mtetsI th Ie die t gh an 40   and hauling it off with a nip roll
assembly and  air rig.  .                          105 rotating either
the-die or Ath  mp roll assent-    18. APpiratus for performing the method
bly in a pl.ne periclar      e axis f  according to claiM  , coMrisingdie
means for extrusion, continuously .in one direction at a  extruding a tube
of-   t aic  materil, constant speed relative to the. other of the die
meansfor maintaining sSufficienit gas pressure 45   or nip roll assembly,
wheeby the film  is  within said tube to pre t it colpsing   110
stretchiedhelicaly and the direction of orien- rotatable assembly for
hauling off said tube, tation is at an angle of at least 100 to the  one or
more indrels including at leaks one tube axi.
rotatable mandrel, ieas for cooling tie, or- 6. A- meiod according to claim
5, wherein  at least one of the manrel; an -mn  for 50   tbe film  is
supported bya.  singem  nandel  blowing gas to the outer surface of the
115 which is rotated. i said one direcdon at a  film between die and
mgandrel earet to the - speed which is different to the speed at which
die, the. die mans, the rotatable mandrel the die or the nip roll. assembly
is rotated. and haul-Off assembly being rotatable in re- 



7. A method according to claim 5 wherein  specv e planes perpendicular to
the axis of. 55  the tubular film is supported internally by two  etrusion.
120 rsepaate mandrels.                          19. Apparatus aczorditig to
claim 18, in- 8. A method according to claim 5 to 7, cluding means for
introducing gas into spaces wherein the film is a pldyolefinic f:ln
defined within the tube and between spaced 9. A method according to claim
5, 7 or 8  parts of the. apparatus, and means for heating 60   wherein
there are two or more mandrels, the the inner surfaces of the tube.
125 nip. roll assembly and the internal mandrel   20. A  substantially
monaxially oriented farthest from  the die are rotated, and the tubular
thermoplastics film according to claim internal mandrel nearest to the died
and the  1 and substantially as herein described. die are kept stationary.
:    21.  A  method of manufacturing mon- 65     10. A method according to
claim 5, 7 or 8 axially oriented thennoplastics film subs    130    7 7
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