2145027 TUBULAR ARTI CLES OF Bl AXI ALLY ORI ENTED POLYMERS Thi s invention .
relates to tubular articles, such as cylindrical can bodies or bottles, of.
biaxially oriented crystallisable thernoplastic 5 polymers. It is
particulf@rdy concerned with the production of such tubular articles from

t ubul ar arbrcles of smaller dinmengions having at |east one open end, 'such
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230 are costly and have a hi gh heat capacrty whi ch nmakes it inpossible to

changedti b bl o phadbe Gkt iRty Sl Gl HIER ARl (\ om the vould,

but t h®lexially eriesked caastaldiseblenthenmopdastichpelymermiight necessary to

achi ev parelsilarly Gabrted #af pdijestdrd 8681 8" pd1Febhylene

S terephthalate, by stretch-blowing heated preforms into external | ¢

15  moulds, using internal gas pressure introduced through the open end
or mouth of the preform. In our copending U.K. Patent Application
No. 8037137, published under No. 2089276A, we have described a method
of forming biaxially oriented tubular articles which may be used as
bodies for processsble food containers, the method involving

20  longitudinal stretching of an open-ended tube by mechanical means,

- which temporarily clamp and seal both ends of a section of the tube,
and radial expansion of the tube by internal fluid pressure within an
external mould, at a temperature which is normally in the range from
75°C to 1209C. The external moulds employed in these prior processes

25  are costly and have a high heat capacity which makes it impossible to
& subject the article to a heat .treatment, such as ammealing, involving
' rapid changes in temperature, until the article has been removed from
the mould, but the use of an external mould has hitherto been thought
necessary to achieve accurate dimensioning of the finished article.

30 .
According to the present invention, a method of producing a tubular
article of a biaxially oriented crystallisable thermoplastic polymer
from a tubular article of smaller dimensions having at least one




30 According to the present invention, a nethod of producing a tubular
.articl e of a biaxially oriented crystallisable thernoplastic polyng :
tubul ar"article of smaller dinmensions having at |east one - 2- :
conpri ses, the steps of heating the smaller2tubular article to a tenpe&rature
above-the glass transition tenperature of the polynmer but belowits nelting
teperatu stretchi ng the tubular article axially by nmechani cal neans, and

si mul t aneously otpes end, cemprises msmeoémengingmhe $oaller mulareantdc]:e
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t he good rrechamm:lsmmeéytb}emm fipidrpresguce ntidduged ithomighnssid operof

t he pol yner. 'ﬁm’& é&@r@ Jses the further step of

subsequent |y heatlﬁg t stretched an iaxially oriented article to a

tenperature above the stretching tenperature to anneal the polyner, while

mai nt ai ni ng an m wrmambmwm&w&em

nmoul d or other constraint facrly uch further i ng and enabl e
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article to anot hiay theabsehes of Tiney extdmmdl adonstraint such as a mould, can result

in the production of tubular articles of consistent wall thickness in

. a reproducible manner, while also achieving the good mechanical '
' properties normally provided by biaxial orientation of the polymer.

Preferably the method comprises the further step of subsequently
heating the stretched and biaxially oriented article to a temperature
above the stretching temperature to anneal the polymer, while -
maintaining an internal fluid pressure. The absence of an external
20 mould or other constraint facilitates such further heating and
ensbles it to be carried out immediately after the stretching without
transferring the article to another apparatus. The method also
preferably comprises the firther step of cooling the amnealed article
before releasing the intermal fluid pressure. Again the absence of
25  an external mould facilitates this operaticn.

’ During the annealing and/or cooling, the internal fluid pressure is
= preferably reduced below that used for the stretching of the tubular
article. ' ' . . _

The axial stretching by mechanical means may, for example, be-:
effected by an external clamp and an internal plug securing one end
and a chuck element engaging the other end of the tubular article,
the chuck element having an inlet for fluid pressure and being



preferably conprises the further step of cooling the annealed article
before releasing the internal fluid pressure. Again the absence of 25 an
l*mould facilitates this operation. During the annealing and/or
' the internal fluid pressure is preferably reduced bel ow 't hat, used
stretching of the tubular_ agticle. 30 The axial stretching by -
mechaf cal neans may, for exanple e effected by an external clanp and an

i nternal. plug securing one end and a chuck - ~engagi ng the other end of
the t ubul BivaBld i@l Srive 8o ¥HAC K1 8P ERADI0EY| NS rarharbely gid pressure._
and bei ng. bIe re atlve to t he cI gﬁ and plug Aﬁtémﬁgtlvely It ﬁay
be ef f ect &Ekeg §g£ havimgvamg an i nl et

for flui dinleesfiotr ﬂtrmlqbresdlﬁ:&d matnﬁdomaeacb:w@ ﬁdsu wBidH idabl e through,
and novab Kk ef bly the axial
stretchln%ﬁgggkggﬁéﬁﬁ%ﬁlaﬁggﬁggﬂg Egkﬁgﬁgq%hb f%”%ﬁe internal fluid

pres&ure ¢hﬂ£nt¢oduced to-effect both axial and transverse stretching, so

that the mechanical axial stretching is 10 i n advance of the axi al
stretching caused -by the internal fluid pressure, e. g by 10 to 20%
Appl i cat i Feferaiyathe gxiab stretehiag by meebanigel meens disr compenbed st r et chi ng

thereof . Befoke &ﬁemmmdtﬁﬁsﬁﬁ@tﬁ| iﬁ&é&k&d@%%ﬁécﬁ ot akgaly| ene
terephthlaantdetrgrefesre(s_l_t)sl¥ tgs szret In%he pgr gE upe Igtrtehe range
10 in advance of the axial stretching caused by the internal fluid
pressure, e.g. by 10 to 20%.

Application of heat to the article may be continued during the
stretching thereof.

In the case where the crystallisable polymer is polyethylene .
terephthalate, prefersbly the stretching temperature is in the range
- from 750C to 1200C and the internal fluid pressure is provided by
compressed gas at a pressure in the range from 7 to 15 bars.
20

The article may be heated to a temperature in the range from 110°C to
2400C to effect the amnealing. The annealed article may be cooled to
a temperature of less than 1200C before release of the internal fluid
pressure. The reduced internal fluid pressure employed during
25  amealing and/or cooling may be in the range from 2 to 4 bars.

~ The method of the invention permits the production of tubular
articles, in particular open-ended tubes, at high speed and with the
_ good mechanical properties and consistent wall thickness mentioned
30 above. Any minor variations in diameter or departures from
coaxiality can easily be corrected by heat setting the tubular
arthﬂe<m1axmmdnﬂ.uytbexmﬂhodckwc:ﬂxﬁ<mxichﬁned in our
copending Application No. 8310966. ' :

The invention also resides in apparatus for producing a tubular



from[err] to [err] and the internal fluid pressure is provided by
conpressed gas at a pressure in the range from7 to 15 bars. 20 The &f
may, be heated to a tenperature in the range fromJ[err] to [err] to
the annealing. The annealed article may be cooled to a tenperature
than. [err] before release of the internal fluid pressure. The reduced -
internal fluid pressure enployed during 54 - anneal i.ng and/ or cool ing may
be i#™™he range fron12 to 4 bars. The method of the invention pern1ts t he
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No. 8310966. The arkiale 8844 engaging,meanss apayrt ﬁﬂo%m@bn%j:rstchthe
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tubul ar article Seans for etemalhconstxaint Iosf dmsumértsb@ar atticlepar at us
bei ng charagperi sed by the absence of any neans for external constraint of

the stretched t I ticle. ' - -
© stretene uggeca{figralab%dfments of the invention will now be described by way of
. example and with reference to the accompanying drawings, in which:-

w FIGRE 1 is a dlagrammatic longitudinal section showing a straight
15 open-ended tube prepared for stretching in accordance with one
embodiment of the invention,

FIGUREZisasimﬂarillustrationoft‘mtubeaftersd:jectionto
the stretching process, :

FIGURE 3 illustrates the ‘subsequent annealing of the stretched tube,

FIGURE 4 illustrates the subsequent cooling of the tube,

25 FIGURESis#simﬂarillustrationtoFigwelofah:bewitha
closed end, or preform, being prepared for the stretching process,

FIGURE 6 shows the stretched tubular article and
30 - FIGURE 7 is a graphical representation of the variation in

temperature of the outside and inside of the tubular article during
an embodiment of the present invention.



10 Specific enbodinents of the invention will now be described by way of

-exarrpl\e and with reference to the acconpanying draw ngs, in which: - FIGURE
» 'granatlc | ongi tudi nal section showi ng a straight 15 open-ended

red for stretching in accordance with one enbodi ment of the

off, FIGURE 2 is a simlar i"rustration of the tube after subjection

to the stretching process, 20 FIGURE 3 illustrates the subsequent annealing

of the stretched, tube, FIGURE 4, illustrates,the subsequent cooling of the .
Cube, - 25 FRgEaE Sllustiates 7 | Shraiglit, CPmirepaed 9Ok INPE & of a tube with a |
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transition temperature of the polymer but below its melting

temperature, specifically a temp_era.ture in the range from 75°C to.

120°C in the case of polyethylene terephthalate. Alternative sources

of heat may be, forexample,atntgascirculatedarmmdthetubelo \J

15 infra red radiation from electric heaters surrounding the tube, or a
dielectric heater. Where radiated heat is used, the tube 10 can be

rotated and the heat be directed from one side omly.

 After the initial heating which raises the surface temperature of the
20 tube 10 to a temperature somewhat sbove the selected stretching
temperature, the application of heat is stopped or reduced so that
the temperature throughout the thickness of the tube 10 can be
equalised and brought to the selected stretching temperature. |

25 A:dalstretchingofthetubemisttmcomencedbydrawingme _
ctmckelanentlBawayfromtheclamplZinthedirectianofthearrow ~
15. Simultaneously, or very shortly afterwards, gas under pressure,
e.g. at a pressure of 7 to 15 bars, i.sint:roducedthroughtheinlet
131 to assist the axial stretching and to effect transverse or radial

30  stretching of the tube 10, as shown in Figure 2. |
On completion of the axial and radial stretching vwhich effects
biaxial orientstion of the polymer material, the fluid pressure is



‘specifically a tenperature in the range from[err] to 1200C in the ¢
pol yet hyl ene terephthalate. Alternative sogces of heat nmay be, for
exanpl e, a hot gas circulated around the tube 10, 15 infra red radi atlon
fromelectric heaters surrounding the tube, or a dielectric heater. \Were

radi ated heat is regeskd,t88s.t tbea wemebm rtheatageaof 2t be dbats bendlibeat tizd
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10° tube 10 so as to heat it to a stretching tenperature above the glass
transition tenperature of the polyner but belowits nelting terrpera
bf

be equal i sed and d str t enper gt ur e. Axi al
stretching & theffeefe RedIRRK) While) sk QSB%% nt 13
away fromthe cl el N the d| rectlon of the arrow 15. Si mJItaneoust, or

very shortly afterwards, gas under pressure, e.g. at a pressure of 7 to 15
bars, is introduced through the inlet 131 to assist the axial stretching
and to effect trdisakiysevinile atildl mmtainklgehelﬁedgcaf internel ipretSurencf 2

shown in Figure MEP ﬁhﬁﬁt gt i ch
effects biaxial (?gzﬁenafono ymer materlaatg)l wdfpressu?z S
_ 6 - reducd® e @Figme 4) pe.essqrqlhﬂmui mgésa@eszillofarrpapgoli@sdﬂvédt ars
appl i ed by a heat RO¥R1Id F1id ¢hees 168 su'fase, B8 t<uBEdEUr € of the
stretched and ori nte t ube to a terrperatur above the streschin
tenperature, e.g.terRERaRT agﬁ’é%i‘f (S!S.menssiona :ﬁity of
. the tube 10 will be retained when the internal pressure is removed
and the tube is released from the clamp 12 and chuck
(g 15 element 13. The surface temperature is prefersbly reduced to less

than 1200C before release of the internal fluid pressure and the
clamp and chuck. S

. Figures 5 and 6 illustrate the application of the invention to the

20 production of a bottle with a substantially hemispherical bottom from
a closed ended tube or preform 20. The preform 20 is secured at its
openenlebyactmckelementZZhavingacompressedairinletZZl
and heated as described above with reference to Figure 1. The heaters
and cooler are omitted from Figures 5 and 6 for clarity. After

25 equalisation of the temperature throughout the thickness of the
preform 20, it is subjected to axial stretching by means of a
mechanically operated push rod 23 having an enlarged head 24 and
slidable axially through the cinxck element 22. At the same time, or
preferably after the preform has been stretched to substantially 10

30 to 20% its desired final length, ﬂu:l.dpressureisintroducedthrough
the inlet 221 into the preform 20 to expand it radially and to assist
in stretching it axially to the form of the bottle 25 shown in Figure



5 effect annealing of the polynmer while still under internal fluid
pressure. Finally, while still maintaining the reduced internal pressure’ of
&~3, the annealed tube 10 is cooled by mans of a cooler 17 10
N.je.g .a cylinder with passages 171 for a cooling fluid, or by
g /o cold fluid on to its syrface to reduce its tenperature
sufficiertly to ensure that the “di mensi onal stability of the tube 10 will
be retained when the internal pressure is renpved and the tube is rel eased
fromthe clanp 12 and chuck 15 elenent 13. The surface tenperature

preferab uced to bef or el ease of the internal \s(d
pressure"‘%}?ﬂfgﬁ‘% i&é %h%&%"ﬁ? 5& 8sipy e the _
appl i CatdéE&rﬁed bﬁthli‘éﬁﬁérﬁé twmga.-e%oa and 4dussingrsiafilar pebsdureni th a
substant | ea spherical bottomfroma closed ended tube or preform 20.

The pref Gred at its open end 21 by a chuck el enent 22 having a
conpressed air |nIet 221 and heated as described above with reference to
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Ina_specific example of a preform 20 heated to a stretching o/
temperature of 1050C, the heat developed during the stretching

15 process was found to increase the surface temperature of the
biaxially oriented and stretched bottle 25 to about 125°C. Radiated
heat subsequently directed on to the surface of the bottle 25 for
amnealing could either maintain the surface temperature at 1250C
during the armealing period or be used to increase it to about 1500C.

20 o S |
The method can be carried out extremely rapidly so as to ensble a
high rate of production to be achieved. In the case of bottles 25 of
approximately 350mm length and 80mm dismeter, with a mesn wall
thickness of approximately 0.35mm, produced from preforms 20 of

25  length approximately 120mm, diameter approximately 20mm and mean wall
thickness approximately 4.5mm, the stretching of the bottle to shape
can be effected sbout 0.4 to 0.8 seconds with the push rod 23 being
moved at a-rate.-.of 0.3 to lm per second and the pressurised fluid

. being delivered at between 7 to 15 bars. The subsequent annealing

30 treatment may take approximately 5 to 10 seconds and cooling to the
required temperature for release of the article may be take
approximately 10 - 20 seconds.



-7¢ Annealing and coo of the bottle then follow as previously descri bed
with:-reference to Figures 3 and 4, using simlar pressures and .
tenperatures. 5 It is found that the surface tenperature of the
or preform20°increases during the axial and radial stretching, usu:Q-
the amount of 10 to [err], as a result of the exothernic nature of tF
stretching process. This increase in t= 8 <rature can be made use of for
the suhsequent annealing of the article, whereas in the known 10

processes opergied wth an external d_i.t would be | ost he ,mould. In
a spagific exa%? 0 d%?‘é’?%ﬁﬁ]%“ﬁe d %W@&ﬁﬁ §ﬁﬁi}taﬁflure of
[err], th;ahheabiddsa&ll.y)pndedted artidi ess:mthbtmr ngrdhw:pasc‘&mttmdsd dfaw:mﬂ 'Ejo
increase the s n et che
bottle 25 to agg{.ﬁ’%[ erri&%éf%&ﬁ%%% su squent ?yﬂ%?gg'tﬂg on'to the
surface of thenatlmaﬂ.ed@ tation b ey partdcular cpsends datenmisied Bndgheurf ace
tenperatuke atg z‘i@ﬂt&ﬂbﬁ%ifoéni)eofsﬁﬂ irktrBedpase |t

t o about err] 0 Taexﬁ{r%?‘gi&dacana arrlegvaut ext rengl g@i‘!gtl}dly so,as to
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15 bars. The s#bIRekE
. meansofthepushrod23. Itwillbesemthatasthestretched

length increases the diameter tends to decrease but the mean wall
" thickness remains substant:lally constant.




30 treatment nmay take approximately 5 to 10 seconds and cooling to.the
required tenperature for release of the article nmay be take approxi mately

.10 - econds. -8- The nethod descri bed above will normally produce
stret ‘and biaxially oriented articles with what are known as " nat ural
draw r

6s" as defined by tthgpe§s_reduction of the polymer. The natural
draw ratio in any particular case is determned by the 5 stretching
tenperature the orientation (if any) of the unstretched polyner and the
pol ymer viscosity, and occurspgigg e point at which strain hardening is _
encountered. It is possible to-rmtrease the axial stretch ratio by the‘iﬂ
mechani cal stretching neans (chuck el ement. 13 .or push rod 23). The

fol | owBgorkgbl es 1 and 2 illustrate the 10 results obtai ned when
producTng bottles 25 frompreforns 20 as illustrated in Figures 5 and 6,

* while varying the stretched | ength by neans of the push rod 23. It will be
$een tMeah dismeter st 2®iSmhed | ength increases the dianeter tends to decrease

but t : -n@hllgg! Kngs&f emei ns substantial ly constant. -9- TABLE 1
Prefo?%?g%%ﬁl an |§ﬁet§? = 20.5m Mean Wal| Thi ckness = 4.5mm
Stretchable Length = 12lmm = _ : _

Stretched Bottle - Various Axial Extensions -
10 o N | o
StretcH Stretch| Line | Stre- | Dismeter]Mean | Thick-|Trans-|Axial
Tbmp-' Blow |Blow| tched | Range |[Wall ness . |verse |Stre-
erature} Time |Presq Length Thick- | Reduc-}Stre~ ftch.
sure _ ness | tion |tch |Ratio o
15 Range | Ratio |Ratio
oC Sec Bar mm. mm. om.
105 0.6 |11 325 81.8- {0.35- | 12.56 | 4.00 { 3.13
~ 81.1 |0.36 '
20 335 81.8- }0.34~ | 13.04 | 3.94 { 3.31
| 79.5 {0.35
350 82.7- 10.33- | 12.93 | 3.97 | 3.25
79.6 }0.35
<~ 370 78.0- ]0.35- }12.50 | 3.78 | 3.30
25 77.0 |0.37
380 79.6- |0.34- | 12.74 | 3.83 | 3.33
78.0 }0.36
390 77.3- {0.34- | 12.89 | 3.75 | 3.44
76.4 ]0.36
30 - 410 75.4- ]0.32- | 13.04 | 3.63 | 3.59
73.2 10.35




Stretchable Length = 121mm Stretched Bottle - Various Axial Extensions 10
Stretch Stretch Line Stre- Dianeter Man Thi ck- Trans- Axial Tenp-
Blow - Blow tched Range wal | ness . verse Stre- erature Tip
Pres- Length ° Thi ck- Reduc- Stre- tch sure - el s
tion teh Ratio 15 ' Range
Ratio [err] Sec Bar mm mn 10 = m 105 0.6 11 325
81.8- .-0.35- 12.56 4.00 3.13 81.1 0.36 20

335 . 81.8- 0.34- 13.04 3.94 3.31 agEEEdEO.BS 350 82.7- 0.33-

12. 93, 3.97 3.25 79.6 0.35 370 78. = 35- 12.50 3.78 3.30 25
77.0 0. 37 380 79.6- 0.34- 12.74 3.83 3.33 78.0 0. 36 390 77. 3-

0.34- 12.89 3. Eg §§1 44 76. 4 0.36 30 410
75.4- 0.32- 13- - 63 3.59 73.2 0.35 -10- TABLE 2 Preform

5 Mean diameter = 21.0m
Mean Wall Thickness = 4.0mm
Stretchable Length = 132mm

Stretched Bottle - Various Axial Extensions '

10
[T Stretchlstretch| Line | Stre- | Diameten Mean | Ihick-|irans-]Axial
. Temp- |[Blow |Blow |tched |Range |Wall | ness |verse |Stre-
erature [Time |Pres-|Length| Thick-| Reduc-|Stre- |tch
\—r sure ' ness tion |tch |}Ratio
15 | Range | Ratio |Ratio
oC JSec'.' Bar mm. mm. mm. :
105 0.6 11 340 - 4 84.3- [0.34- | 11.33 | 3.95 | 2.87
| - | 815 |0.37 .
20 ‘ 360 | 82.8- |0.33- | 11.69 | 3.87 | 3.02
80.2 }0.37 | |
385 | 82.7- |[0.33- | 11.63 | 3.87 | 3.00
80.5 10.36
410 | 80.5- |0.31- | 12.74 | 3.80 | 3.35
25 | | | 79.6 }0.33
¢

Tsble 3 illustrates results cbtained while maintaining the stretched
length substantially constant, and illustrates the consistency of the
30  results obtained, in spite of the absence of any external constraint
such as an external mould. The stretched lengths, diameter and wall
thickness caninﬁactbecontrolledwittﬂnnarmwl:_tmits,witha
diameter variation along the length of the bottle of not more than
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5 Mean di ameter = 21.On Mean WAl |l Thickness = 4. 0nm Stretchabl e Length
132mm Stretched Bottle - Various Axial Extensions 10 Stretch Stretch Line

Stre- Dia Mean Thick- Trans- Axial Tenp- Blow Blowtched Range
Vial | ne rse Stre- erature Tine Pres- Length Thi ck-
Reduc- St ch sure - 11 - nNess tion tch Ratio 15

Range Rati0 Ratio CC Sec Bar nm nm mm 105 . 6

11 340 84.3- 0.34- 11.33 3.95 2.87 81.5 0.37 20
360 82,5mn afid 33 wall ithfimedsOvaridtiéh 3€. dbt mOred €haRD.04mB2 ik-thed. 33- .

11.63 3.87. 3. 0080 . 80 5- 0.31- 12.74 3.80 3.35 25
79. 6 Owﬁbfiﬁgﬁl@s%%ﬁ&&?ﬁl S obtai ned while maintaining the

stretched I ength substantially constant, and illustrates the consistency of
t he 30 results obtained, in Spit;éﬁ-férﬁge absence of any external
constraint such as an external noufT: stretched | engths, dianmeter and

wal B t hi ckness can in fact be controlled within narrow linits, with a
di anmet er pyafdeat i on al ong the length of the bottle of not nore than 2.5m
and a walT—tnickness variation of not nore than 0.04um in the

Mean diameter = 20.5m
Mean Wall Thickness = 4.5mm
10 Stretchable Length = 12lmn

Stretched Bottle - Same Axial Extensions

Stretch| Stretchl|Line | Stre- | Dlameter|Mean | Thick-|Trans-| Axial v

15 | Temp- |Blow |Blow |tched |Range (Wall |ness [verse |Stre-
erature|Time |Pres-|Length| Thick- | Reduc-|Stre- | tch
sure . _ ness tion [tch |Ratio
o ' Range | Ratio {Ratio
o Sec Bar | mm. ma. mm. -

20| 105 0.6 |13 | 385 | 78.3- |0.33- |13.63 | 3.87 | 3.52

80.2 ]0.35
380 81.1- }0.33- |13.63} 3.90| 3.49
| 79.6 |0.34 -
| 380 | 81.1- |[0.33- |13.63] 3.88| 3.51
25 . | 78.6 |0.35 -
| 380 | 80.8- |0.33- [13.63| 3.87] 3.52
78.3 (0.3

380 | 81.8- [0.32- |13.63 | 3.92| 3.48
78.9 0.36




bottles referred to in the Tabl es above. TABLE 3 5 Preform Mean di ameter =
20. 5m Méan Wal | Thi ckness = 4.5nmm 10 Stretchable Length = 121mm Stret
‘Bottle - Sane Axial Extensions Stretch Stretch Line Stre- D anefter. MA

Thi ck- Trans-" Axial 15 Tenp- Blow Blow tched Range \Vall -.-negs
verse Stre- erature Tine Pres- Length Thi ck- Reduc- Stre- t¥
sure ness tion tch Ratio Range  Ratio Ratio [err]
Sec __Bar mm mm mm 20 Z10%2 -0.6 . 13 385 78. 3-

0. 33-": 13.63 3.87 3.52 80.2 0.35 380 81.1- 0.33- 13.63 3.90 3.49
79. 6, 0.34 380 . 81.1- 0.33- 13.63 3.88 3.51 25
78.6  0.35 380 The $esGits Qisted i Tables 1,82 and 3xere 4ll oitadnedddth thel. 8-

032 13 63 3923 48 15, ucfedd eial Licerblfin] !l i 29 Belng ! o5

1, 2 and 3 were
extended at 0.46 m.sec™i.

5 In the following Table 4, results are given for experiments with
varying rates of mechanical axial extension, and for stretching by
blowing without mechanical extension for comparison. This Table also
1ists the results of tests of the modules and yleld stress of the
bottle side wall material after stretching, measured in the

10 transverse and axial directions. For comparison, the amorphous.

. unoriented polyethylene terephthalate material had a tensile modulus
of 2200 MPa and a yield stress of 55 MPa.

It will be seen that the additional mechanical stretch in the axial
15  direction results in a greater reduction in wall thickness than

stretching by blowing alone, and the axial yield stress in particular

improves with higher rates of mechanical extension. '



same rate of nechanical axial extension, the push rod 23 being extened at
0.46 m[er 5 In the following Table 4, results are given for ‘
experi men@th varying rates of nechanical axial extension, and for
stretchin bl owi ng wi t hout mechani cal extension for conparison: This
Table also lists the results of tests of the nodules and yield stress "of
the bottle sifdewalT naterral altgr strercnipg, neasurgd In the 10
transverse and axial directions. Kor conparifon, the aforphous unoriented
pol yet hyl ene |t er epht bal Al Rt erg cl|mh-ad-\ﬁ(\i enst bewpadul us of 2200 MPa and a
yi el d stress|of 55&(825 eyl | %)e BER That| thE AT fonal mechani cal

stretch in-th et gr—esttts—m-a—greater reduction in wall

t hi ckness t hdn st retchbpL Bglﬁgl QyMi rm@gog)@ arﬁlgﬁg@( al _yi eld stress in

p cul ar ifpr O\éetscswet:hhtg rodElcvexy ensi on. [ ERR]
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10 ‘the tubular article both axially and transversely by internal fluid
ressure introduced through said open end, wtho r ai nt

,% nmet hed according to Claim 1 conprising t he furnmmﬂm“l)umgm

subsequent|y- heating the stretched and biaxially bri®ntted"article to

tenperature above the stretching terrperatu&g to anneal the polyner wh

mai ntaining an internal fluid pressure. 3. “A met hod according to Claim

2. conprising theLAIMS her step of 20 cooling the annealed article before

rel egging the inférna fluid pressure. 4. A nmet hod according to any one
of tHeupreceding O ains wherein the axial stretching by mechanical mans is

effected by an elternah witiog ofhgroducing e tbulgugrtdeteafng blaxislly and a

gﬂﬂgt g: ggg: ﬁgVI ng angé’%%et #ﬁﬂ?ﬁpﬁfw}essure ai#ﬁlymaét%re%

relative todthe Ofafmal fheastaens cpeR
Caims 1to 4 \Ah%i:epé\otfh.%ﬂng nw ﬁﬁanéf%waémmce@w E&e

effected by a chuck el enent_ securin aid o end and havin n. i r
fluid pressure, XFEPEFabuCR Fée%'ﬁs %ﬂg%ﬁf’&h %W&b?gtsﬁﬁhﬂﬂfi’ﬂa
novabl e rel ati vebebow tiee mdluing edeﬁpmttre, stietchiing the Andbaliw éradeler didallyo

ﬁrs]yl gngoﬂmhggdpﬁfw nter ﬁ Fﬂmg' press%#e | s% g%'lg’ygn%&c ”#éilt

both axial 30d ttheswbuler articlenboth exiallytand,sransyeuselyaby daternal fluid
stretching i's  pregsure introduced through said open end, without external
' constraint. '

D!-i

2. A method according to Claim 1 comprising the fiwrther step of
. 15 subsequently heating the stretched and blaxially oriented article to
a temperature above the stretching temperature to ammeal the polymer
while maintaining an internal fluid pressure.

3. A method according .to Claim 2 comprising the further step of
20 cooling the amnealed article before releasing the internal fluid
pressure.

4, A method according to any one of the preceding Claims wherein
- the axial stretching by mechanical means is effected by an external
clamp and an internal plug securing one end and a chuck element
25  engaging the other end of the tubular article, the chuck element
having an inlet for fluld pressure and be:l.ng movable relative to the

clamp and plug.

S. A method according to any one of Claims 1 to 4 vherein the

30 axial stretching by mechanical means is effected by a chuck element
securing said open end and having an.inlet for fluid pressure, and a
- head mounted on a rod which is slidable through, and. movable
relative to, the chuck element.



5 in advance of the axial stretching caused by the—mternal fluid

pressure. . A net hod according to any one of ing Cains
“wherein af ation of heat to the article L\“\“m\‘*m ng the

st ret chi nd t hereof. 8. A net hod acc nys orre of the _

pr ecedi ng aims wherein the crystallisable polyner I s pol yet hyl ene
terepht hal ate, the stretching te‘rrpé-lsat'Ure Is in the range from[err] to
[err] and: the 15 internal fluid pressure is provided by conpressed gas
at a pregsure in the ran from7 to 15 hars. cordlngt

3 a3 Be. nppbrRRaed: SO B0 FHePE oL e rivedtes Ealn rlaes o | e
terrperat the axtlal Ntredstgagf iy mMebitarnilkal anedfis is” 46ftienced ebefiote the anneal i ng

the anne ‘LehOd f@'ﬁgdﬂ’%’%g%g? %w&%%%gaeﬁgf'&@ﬁess ?‘Eaﬁl TZgoghgrefeloPe
rel ease aﬁdtﬂrensvmensﬂrem‘hﬁrc po ddhagyr the gscl'micalﬂxim issuetabdog disng to any

onesgof é{&hih? F&rﬁa'ieﬂ uced internal
f|UId pressure e (ﬁoyed uring annearling an#or cool 1 ng |s"|ﬁ% t he range

from2 tBress{i@Ps: 30 12. A nmet hod of producing a biaxially oriented
tubular article of a crystallisable thernoplastic polymer, substantially as

here| nbe%ic.)goeI ggscr%ip&d W Egujr‘{gggsrence to t%aﬁ%&l%ﬁ%ccmdl ng

to any oapphfcatm pfehmi: tg theaartsicle is continued during the stretching
10 thereof.

8. A method according to any one of the preceding Claims wherein
the crystallisable polymer is polyethylene terephthalate, the
stretching temperature is in the range from 75°C to 1209C and: the o

15 internal fluid pressure is provided by compressed gas at a pressure
in the range from 7 to 15 bars.

9. A method according to Claim 8 as appendant to Claim 2, wherein
thearticleisheatedtoatemperatureintherangefromllOOCto
20 . 240°Ctoeffectthea:maling

10. A method according to Claim 8 or 9 as sppendant to Claim 3
wherein the amnealed article is cooled to a temperature of less than
1200C before release of the internal fluid pressure.

11. = A method according to any one of Claims 8 to 10 as appendant
to Claim 4 wherein the reduced internal fluid pressure employed

duringamealingand/orcoolingisintherang_efromZtoltbars.'

30 12. A method of producing a biaxially oriented tubular article of
a crystallisable thermoplastic polymer, substantially as hereinbefore
described with reference to the accompanying drawings. '
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oriented crystal I astic polynmer froma tubular article of
smal | er di nen5| M! MTH t one open end, conprising nmeans f
engagi ng hoth en tubul ar article and for nmoving sa

b

engagi ng’ neans apart so as to stretch the atbiecle axially, nmeans fo

I ntroducing fluid under pressure through the engagi ng neans which 10
engages the open end into the interior of the smaller tubular article so as
to stretch it axibddy oblasiallysostenseq tubvdan ssticlessprasuaed bivas methed sed

by tHBsabsence ofa@&dﬂ?a 4 oS (oF Bl prefadingi Claif, t he stretched
tubular article. 15 . Appar atus acCording to Claim 14 wherein the
means for engagi ng both ends ‘of the snal l er tubular article conprise an
external clanp anthan iAgpat: roducingng tubalandreivleaot bkl

oot for 112 ?8“3&@%&8@%%2#%%%@%@5%%@#% 4’2%*1%%0&%@
EIO;J% eﬁg.s y A{)Egraf lsmablnzodﬂnmgims cav;}ng flt lasstcine opan eady sofprrising apans
sai d open end and&ﬁgv ﬁégﬁwg bf ?\e %m'rlggsurew%c heag g
nmount ed on a rod $#idk M?&E# éPPﬁF(ﬁmﬁsa‘Fst lecaxiglly y means
cbuck el ement. 17for jAEFR Prégeire! thirdugh néans which

glr??(::?el goor @nt ed cr stgl i sabl tinﬁe"ﬁ% gﬁt g E?l%ﬁé frﬁfq) a_t.uhul ar Ul eicle

substantially as smrasl th aftoetchd it axi Akl \and htranstersehy £ the di:pg.natam being 4

or Figures 5 and &, 9b.£08 3843 PR HbEEAY Y i means for external constraint of

the stretched tubular article.
" _ ,

15 1s. Apparatus according to Claim 14 wherein the means for engaging
both ends of the smaller tubular article comprise an external clamp
and an internal plug securing one end and a chuck element engaging
the other end of the tubular article, the chuck element having an
inlet for fluid pressure and being movable relative to the clamp and

20 plug.

16.  Apparatus according to Claim 14 wherein the means for engaging
both ends of the smaller tubular article comprise a chuck element
securing said open end and having an inlet for fluid pressure, and a

25  head mounted on a rod which is slidable through and movable relative
to, the chuck element.

17.  Apparatus for producing a tubular article of a blaxially

oriented crystallisable thermoplastic polymer from a tubular article
30  of smaller dimensions having at least one open end, substantially as

hereinbefore described with.reference to Figures 1 to 4 or Figures 5

and 6 of the accompanying drawings.




