; e3eh| ] X6ThXi 22-12-?000 -1 GB 009904425 ~ 0 J U N 2003 The present
povendd@n rel ates to a pol ytetrafl uoroethyl ene (PTFE) tube and nor &B 009904425
particularly to a PTFE tube for a flexible hose. In particular the

i nvention rel E tube having a snooth bore for use in2tPeJUN 2003
producti on of mmml”m@{m&@mg assenbly further conprising hose braids,
external hose prote and end fittings . It should be noted that there
are two basic typ&%®f internal tube configuration; snooth bore tubes) as

t heir nane suggests) have a substant i'dl‘ly convolution free internal

surface; in contrast, internally convoluted tubes, as their name suggests,
conprise a m stinct peRESCRIPTION: s. OF course snooth bore tubes
are often Wmml\ mmm Levoi d of bunps and indentations and may show
rippling. |sﬂ|6a66however i n shappepptTEpE to the induced peaks and roots

of an internally convol uted tube." PIFEI'S a unique material and is favoured
for applicationi in the,trans 0|it of f}i(’)pgdstgﬁfs %E chem cal s because of

its chemical reSReRISSRIE MygR ates; (0,2 polyigtrafluqrpetaylepe CFEEE) mibsand ¢ yral 1y
elastic. Producing a flexible PTFE tube for certain applications,

parti cul arhyretpagticyiardy soia PTHEfube f61 o flsxiblehkose. fThipadsculamthe ipeertioaul ar | y
gases and vapours, are punped through the tube has proved diffi punped

b ough gl TRl § e b dacthe ARG SFSeocr
oL e e Lo unl d ot b sl Rl L ayonaag ot ons

result in increased perneation to fluids. To reduce perneation one or nore
of the folfittmgsag t echni ques have hitherto been enployed: 1. Wall
t hi cknesses have been increased;

It should be noted that there are two basic types of internal tube

configuration;

smooth bore tubes, as their name suggests, have a substantially convolution
free internal surface;

in contrast, internally convoluted tubes, as their name suggests, comprise
a number of distinct peaks aJ}d roots.

Of course smooth bore tubes are often not totally devoid of bumps and
indentations and may show rippling. This is however in sharp contrast to the
induced peaks and roots of an internally convoluted tube.

PTFE is a unique material and is favoured for applications in the transport
of foodstuffs and chemicals because of its chemical resistance and non-stick nature.
However PTFE is not naturally elastic.

Producing a flexible PTFE tube for certain applications, particularly high
pressure applications, where fluids, more particularly gases and vapours, are

pumped through the tube has proved difficult. Indeed, it had previously been
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2. Higher grade pol ynmers have been used; or 3. Polyners have been processed
22 123®@00 ncreased crystalinity. Increasing the wall thickness decr ¢3Be99008425
flexibility of the finished product as well as increasing its weight and

‘cost. Increasing crystalinity increases the flexural nodulus of the

material thus decreasing the flexibility and this also incurs a2 8dudiNo2003
inflex life. Du Pont) for exanple, define crystalinity as being |low (50 %

), nmoderately high (72 %) or very high (82 %). At low crystalinity the
product bas a flexural nodulus of 54,-0 psi and a relative perneability to
C02 gas of 6; at noderately high crystalinity the product has a fl exural

nmodul us ofthdidghtOffdt PRhny REnVEluRidi PEFBE bR bidill YndtobEQwitake fr sk and at a
very high crystalinity the product has a flexural nodulus of 170,000 psi

and a rel atiye. per L Lt Vired o 2 s of. Q, 2. st,~COf rugat ed, products are
nmade by aagpié%aé@gs &ﬁ%ﬁe M\’%‘ &s°gﬁ'°c%ﬂ‘ég?i’r‘?f££/§°tﬁ8xp%%ﬁ’&°°ﬁ Ohave

wal | s which are substantially uniformin thickness throughout. Typi cal

pr ocesses resigt indincraasetbpermeation éalflnidsGB 1543586 and GB 2293222. AVENDED
SHEET | 2 0J UN 2003 EP 474449 B 1 on the other hand discl oses a
corrugat ed pl astg fguks! ﬁéﬁ‘dﬁ@&i’ﬂ@&%ﬁ%ﬁé%ﬂﬁe&rﬁ@ﬁ@h@%ﬂﬁnﬁorce to—~
di splace material in the root region. It is characterised in that the

conpr essi eIy force agpl ied was sufficient to take the plastics of the tube,
whi ch was 5?“8"’?‘5% tature belowits nelt tenperature, beyond its elastic
L point. This can be achieved at any tenperature bel ow the
mel t tenperaturle ¥¥all thicknssses haverbeensingrgasedeci fic teaching in this regard.
Furthernore, the patent relates to plastics in general and is directed to
produci ng fl exidi Higher gradd polpdiersisive ibeen ased; or PTFE (al t hough PTFE is
specified) and it does not address the problem of producing tubes with

| pr oved per ITeabi bbiind:€hirhl BUMHrbes25G havk I OfkeR eclfify P S5

i nvention, which 1s“par ar t'o t'eaches a novel product is
obtai ned by a process cgonprj st 1.. subjecting.the PTFE_ tube to a
deformation fo QCW%%%LMFﬁ dggre sﬁfod}gﬂ?’ﬂ@‘g eﬁ?‘ﬁ‘i‘FéliR'P@FFt
tenmperature of PTFE to produce constrained convol utions having a thinned
wal | W ; anwvel asdoeteasing titseveigitmndgiost.t o bel ow the gel transition
tenperature whilst continuing to constrain the deformati ons having the
thi nned wal | WIn¢rehsihg chystalinityGincreases she flekuial inbéulukiof detmutetial hashave
becone stable. This product is characterised in that the convoluted PFTE
tube has @Bcreasing the flexibility and this also incurs a reduction in flex life.

Du Pont, for example, define crystalinity as being low (50%), moderately
high (72%) or very high (82%). At low crystalinity the product has a flexural
modulus of 54,000 psi and a relative permeability to CO, gas of 6; at moderately
high crystalinity the product has a flexural modulus of 150,000 psi and relative
permeability to CO, gas of 0.8 and at a very high crystalinity the product has a
flexural modulus of 170,000 psi and a relative permeability to CO, gas of 0.2.

Most corrugated products are made by a process which convolutes or
concertinas the product and have walls which are substantially uniform in thickness
throughout. Typical processes include those described in GB 1543586 and GB

2293222,
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i nproved resistance, of greater than 7.6 %, to perneation by conparison
wi,t h the non-convol uted tube) the conpari son bei ng nade betwe tubes of
(i) equal nom nal bore ID;, and (ii) equal weight of PTFE per ﬁ:hterN'l&ﬁﬂB
This inproved resistance to perneation is indicative of the fact the

pr oduct 2 0J UN QO3 -4 processed in this manner has a different form
to one not so processed. This can be confirmed by way of the test procedure
set out in the specific description. Sdrprisingly, the applicants have

di scovered that by processing the PTFE, which termincludes nodified PTFE,
in a particul ar FRAML49BEyn theeothéd leandaliscdabes @ comugaad plastics atbesvficdr a gi ven
t hi ckness of PTFE. That the PTFE processed in this manner has a changed
form can bey Bghib el @%bompratRAIScedh A% tleﬁ.@'n%érial'. therORTOYGH [1§S! St ance

to perneation and increased tensile stren According to a first aspect
of the present jnvention there is.provided, a PTFE_.fube conprising external
roots and p@é[@@t%‘?‘ﬁﬂ ﬂi‘%ﬂ?‘ic’g‘péﬁ?&‘p PReappligsyvas -‘%m@ggf@flﬂsg% havi ng
an original wall thickness W and an internal dianeter ID by a process in
whi ch a r egpfdle wbe,which wheatiadernpenanrelbelowptsomdlitempriatre dbyadnitselastid ons. with
a root wall thickness W, characterised in that the convoluted PTFE tube
has an i mprigyad TheSdas baRefevdd RahYREhp&APS babRIhEMmelt i@ petatuft dfulile

conpari son wth the non-convol uted tube) the conparison being nmade between
tubes of (i) . equal nom nal.bore.lD; and (il,) al _weight of PTFE per unit
ength . pr ool o st it in O b KoKl B bp @i figlesE

enbodi nent t he snoothbore has a rippl ed appearance. According to a further
aspect of tMestiss ingeneral apddndiresteditagreducingflexihilifyd Itds pettmagisulsf todf Bduci ng a
PTFE tube conprising external roots and peaks froma non convol uted tube
havi ng an qaitigiughPTHE ik speeifiedh aebit Woeutpddeisthe ploblaw bf motadigg tubes PTFE
tube to a deformation force at a tenperature at or above the gel transition

t enper at ur 6,1 iddcFed PerRlcASUELreSRBSIE & convolutions  22-12-2000 GB
b0b0aa2s. 3V iEored BaRlcdbiNp re ng a i g Convo) W: and 2. cooling the

PTFE tube to below the gel transition t er at ur e, whi continuing to

constrain the. ddrepHER BRerEOTRYEIRE. WG 8-aiar T chrp e

convol utions having the thinned wall W have becone stable. - ------
novel product is obtained by a process comprising

1. subjecting the PTFE tube to a deformation force at a temperature at or
above the gel transition temperature of PTFE to produce constrained convolutions
having a thinned wall W,; and

2. cooling the PTFE tube to below the gel transition temperature whilst
continuing to constrain the deformations having the thinned wall W, until the
convolutions having the thinned wall W, have become stable.

This product is characterised in that the convoluted PFTE tube has an

7777777777 improved resistance, of greater than 7.6%, to permeation by comparison with the
non-convoluted tube, the comparison being made between tubes of (i) equal
nominal bore ID; and (ii) equal weight of PTFE per unit length.

This improved resistance to permeation is indicative of the fact the product



Preferably W is less than 25 % of W. Mre preferably W is about 20 % of
W. In & preferred enbodi nent the PTFE tube is produced on a n@rﬂjr‘_feu %
substantially the same size as the internal dianeter of a plane cylindric
PTFE paste extruded tube such that the resulting tube is a snoothbore,
external ly convol uted, tube. The resulting snoothbore tube has a rippled
appearance. That the deformation has becone stable can be characterised by
an increase in tensile strength indicatdng that the deformation is a
"yield" deformation. The deformation can be further characterised in that
it is revermiobéssed in thés mavirenhashee difffran fedh tvadne nobdo processérbaTleid carobat or
above the gel transition tenperature without a restraining force in place,
it returns i Vi i LG .| nassible to

det erm ne e er%Ht(t))>'eug1 tot e&@é&%@ig@ éPgﬁEr}@cf ég%mgétdgérrcg@rhgﬁure above or
bel ow the gel transitjop tenperature. A tube defornmed bel ow t he gel
transition tenpeP¥PLwe  te dpgliants Sé‘f"c diggovgred, that Gy Progassing the PR s
original format tenperatures below the gel transition tenperature whereas
one def or newhigh tenm iohndes mbdifige PTHE, s a tpaniculhempeea theyearaiable tordduce ever t
substantially to its original format or above the gel transition

tenper at ur eper gl FtGFSFa 'E{i/eh iekneds of PERA! Thete 'PIFICcRYsed GREUST I N9 a
sinple test. A AVENDED SHEET 2 0 J U N Z003 -6 longitudinal section is

taken froma convol uted tu repared in agccordance with . the invention and
2 r i pped BAREAT, s s Ehyteeq tofh Bt 6 phatp SR AT iRetst Bpier il ¢ po
section breaks at the root. By first determ ning the thickness and wi dth of
t he root aninprovehigsistaice & parmegtipn jaad) inceeasedotansilersérengthe at its root the
breaking force per---- .-- - cross sectional area can be cal cul at ed.

Anot her section aktcdrdingt tolefilssadpeenohba ipegteiitdnpaue tliche igptovidednsi ti on
tenperature so it reverts to its starting conformation and the section is

t hen subj ec t [ it - it gl : 3 it udi nal

axi 5 of 1 hel FUEdab SEmBAfIRg LEnd rBots shd pRald i B Ll ABT S ) or
a plain tube and 7584 Pa (11000 .Psi) for .a conyol uted. tub nuf act ur ed
in accor dan%@"ﬁﬁ"[vﬂﬁ'?ﬂim*g‘ﬁsﬁ 3?)‘?19“@%‘? Bé‘? H’écg(BFﬁs Wﬂ/aﬁgb@e{q‘@s‘ﬁ%ﬂe%FE t ubes
deformed in this manner were totally unexpected as a product which was nore
per neabl e wWH2 byxpaueeass 48 whiethAskeginmek ther tube 'is fhipnednig pravidenextgenal s.  For

t he avoi dance of doubt the termgel transition tenperature as used herein
refers to tdomvbhmioas atithreroat watlithivkRdss W eharaesrisadria thata tisp esrevoluted d
anorphous . This is at a tenperature of between 325 C and 340 C and is

general | y CPPRECkabEthat AntifapRéved LBSRRAEALY pEmRbHGP S grehrSthhBMRE%EYr € 1S

soneti nes

comparison with the non-convoluted tube, the comparison being made between
tubes of (i) equal nominal bore ID; and (ii) equal weight of PTFE per unit length.
Preferably the PTFE tube has a smooth internal bore.
In one embodiment the smoothbore has a rippled appearance.

According to a further aspect of the present invention there is provided a

method of producing a PTFE tube comprising external roots and peaks from a non-
convoluted tube having an original wall thickness W, comprising:
1. subjecting the PTFE tube to a deformation force at a temperature at or

above the gel transition temperature of PTFE to produce constrained convolutions



i nappropriately) in a processing context, referred to as the nelt

p2mep@d®re, see for exanple D.I. MCaine "Co-polynmers with GB 009904425
hexaf | uor opr opyl ene" see page 630. The true "nelt" tenperature is the
ténperature at which the polynmer nelts fromits gel state to fornzr:ﬂ IJ@N gpoa
at which point it also begins to degrade and evaporate rapidly . This Ts

a tenperature of above 550 , approaching "red heat" , see for 2 0J UN
2003 7 _ exanple R J. Plunkett the inventor of PTFE. Wthout w shing to be
bound by theory it is believed that a't5terrper atures above 327 C a given
applied deformation force is less likely to cause "cut" than __ _ _ the

sane def or hawinga thipped wallaV,;tandper at ur es bel ow 327C. Furthernore because

the material is elastically deformed as opposed to being "cut” it benefits

frominproved char@pligpitd PEFE tfuleé 6 BERR fhe g'emaﬁmg}]fer eFdtRACwhilt

perneability and i ncreased tensile strength.” These aracteristics show

t henmsel ves in.the convoluted tybes ability.to reyert su ntially toits
original f&MHOYNE -ﬁ%%q%g}%gﬁfgwgh%@7 ing the drvygf&‘gliml rce in
pl ace. The greater the "cutting"” during processing the greater the depth of
any "ni cks¢onvolutions hpeiag therthinhedswall W, chave begomelstebleand the less it Wl |
resenble its original form At processing tenperatures bel ow 327 C the

def or mati ons V"ii’{cféﬂﬁﬁiy“ﬂﬁ’is feQ¢ tAn®5i% bg#y  force, deformati ons beyond the
products elongation b eak poi nt wr(%ch wi 19 not repair. Only defornmations

w1 Tovert o DIRER PrefFrAgDY 14 A 200 PE Wrea 08 agreig et ppRosmpet Becl ([ ngr

d
can, of course, also occur at tenperatures above the gel transition
t enper at ur BTFE tgheds peadicedon 8 manduelqf sybstantially dhe samessige as theiipternalThe

critical deformation will, however, be less at a tenperature of bel ow 327
C. For exadipieter df arplatecylindeicslOPYPE Hastd extiadeddtube sacie that thebekaiinghe gel
transition tenperature will, above a critical deformation, exhibit

significa t hj i | tA t: e thinned
inther ogﬁl b? %ga} sotﬁ&%%r%t ﬁ%‘%ﬁno*\g@%‘?ﬁi’%ﬁ%n’gﬁ;ﬁﬁlnggrgﬁaﬁbgmoﬁbgi nal

t hi ckness.,_ When processing at tenperatures 2 0J UN 2003 g above the
gel transi%s&fl?@ﬁ(g@%afﬂ[g?the tube can be thinned to about one fifth of
its original thickness wi thout exhibiting cutting. Thus, according to

anot her aspect bhatthedefpanation hap begamersiable earcbe chagactpriserb by an frgEeaseube
conprising external roots and peaks, which tube is obtainable froma

non- convolinttensilewstrenpthvindizating tat thendéfomndtiont ib iaClyield's défbrbatien.pMheess i n

whi ch

deformation can be further characterised in that it is reversible. i.e. when the
deformed material is reheated to at or above the gel transition temperature without
a restraining force in place, it returns substantially to its original form.

It is also possible to determine whether or not the PTFE was deformed at
a temperature above or below the gel transition temperature. A tube deformed
below the gel transition temperature will revert partially or substantially to its
original form at temperatures below the gel transition temperature whereas one
deformed at or above the gel transition temperature will only revert substantially
to its original form at or above the gel transition temperature.

The increase in tensile strength can be seen by conducting a simple test. A
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a region of the tube is thinned to provide external convolutions with a
Foot wall thickness WL characterised in that W is |less than 2 O/Ofdﬁ.
Preferably W is about 20 % of W. The term"returns substanti IﬁyJ |ZUB3
original form is intended to nmean that the reverted tube does not have
significant convol utions, although it may show signs of |imted danmage
caused by deformati ons beyond el ongation at break point in the formof cuts
or nicks. The product will, however, feturn to within 20%, nore preferably
10 % and nore preferably still S %of its original wall thickness W

Because t hgordgithdinabpedtiofids takeh fon Wkenidlufcdrtide pRparcdSn Accbrdmos wgmal it
cannot readily be determ ned. However, the deformation can be neasured as

i ndi cat ed oV . e l, rul .eat er fo i ons..can hi eved
w thout - cutls HyenioRagh &tk ot e B8E 8 5 880 00 E HATUER PestCuifino
cutting is about 20 % better than below 327 C as indicated by the greater
t hi nni ng withecyectom brraknatthe veat. yirspdesersniningthe thickngse ped width obtheve t he
gel transition tenperature. O course the defornmations can not be fixed

above 327 goéthadeloting thefofdeapplial Weiredknbie ingbiesat ats réstith@bitakigg fareeperneeds to
be mai ntained whilst the tenperature is 2 0J UIV 2003 _g_ dropped to

bel ow 327 1.qNns ol on w i |
now be desglr-q%gg%tfcg‘?/f %g@%gr?ﬁé%él%%igﬁbn@?ﬁﬁ%ﬁﬁéxgp tﬁrgntggee{sotﬂﬁ\é?l%;ale to 6 in
which: Fig. 1 i Spﬁ{:SChem't'i c di a%r am showi ng the reversi bl e nature of -the
product i on iftboyeshegekiTangition eyRpRTaYre 9 I FVerts (e He stafingmoglomatign ad j s an
enl arged sectional view of a segnent of a PTFE tube conprising external
roots and pheadestiamis thers subjdcked totthe sembe tostries. iFisgpullddiatong thelongitedinali ew of a
hose assenbly conprising a (liner) tube according to the invention; Fig. 4
i's a graphgiRQtnomBeX TyBEal Rk Ehthesd Gl Be\4l 368 RPL (6000p8) forra lainf er ent
si zed PTFE tubes according to the invention; Fig. 5is a graph of flowrate
VS pressur r f~ G NARID S r di j ion; and
Fra o s el 7s el FIoBOie BEK e ited R rilrifhchited 3ol hiBile ' )
test. The invention is further illustrated with reference to a table, which
shows t he HRCHE[IRYENNOR: of a nunber of different sized tube and hose
assenblies. Finally) exanples with conparative data, showi ng the inproved
per meabi | ity redihetpenwenbdlity propestiepefoR EEE dubdsrdefaroeddartbie mennér were
invention are

totally unexpected as a product which was more permeable was expected as a

consequence of a "thinning" of the walls.

For the avoidance of doubt the term gel transition temperature as used
herein refers to the temperature at which PTFE becomes more transparent and
amorphous. This is at a temperature of between 325°C and 340°C and is generally
considered to be at a temperature of 327°C. This temperature is sometimes

inappropriately, in a processing context, referred to as the melt temperature, see

for example D.I1. McCaine "Co-polymers with hexafluoropropylene” see page 630.
The true "melt" temperature is the temperature at which the polymer melts from
its gel state to form a liquid at which point it also begins to degrade and evaporate

rapidly. This is at a temperature of above 550°, approaching “red heat”, see for



given., Referring to Fig. 1 a plane cylindrical PTFE paste extrudgq)t
wth ainternal dianmeter |I. D. of 25 .4 mmand a thickness W ofzg) ‘;moa

was heat ed 20JI1J N 2003 - to to 380C on a suitably sized nandrel. A
tool with an internal diameter which was greater than the outside dianeter
of the mandrel but |ess than the conbined dianmeter of the outside dianeter
of the mandrel and twice the wall thickness W of - - - -- the plastic tube
was bought into contact with the tube 5o that its |eadi ng end applied - a
pressure sufficient to displace material to forma snooth bored convol uted
tube 12 cowrpample®y]r Bunkett the iwentor of PBEE. wal | t hi ckness W) and peaks 16
(with a peak wall thickness W whilst maintaining the tube at a tenperature

above the gel tnapRbitiwishing BBk dolhEby Thdry f!ib WA Ns RteifRathfRR! Was
mai ntai ned at a tenperature below the gel transition tenperature such that

the foll ow end. .of the tool. ed the. convgl uted. tube to,bel qw the gel
transition apwaﬁj? g“(ﬁﬂiapgtle g%JPWﬂB)"afOF(ifsltsﬁ%ﬁshﬁ(ﬁB' PSP ha’@ﬂat t he
convol utions becane stable. The helical tool was rotated relative to the
mandrel at the speatéferimation appldedos tempenatures balow 3273C. t Rerthesmdierhgcausd appl i ed
a 3-dinensional deformation force at above the gel transition tenperature

and the folhOWaRdiath¢ cRBidalI§ddeFornfslt 4sbppoled ft@b@iﬂguﬂ:ﬁt’* it Bepefi@pSnat ure had
dropped bel ow the gel transition tenperature and the convol utions had

becone sta I NS, ect | v -ty was

subj ect ed ?%‘S‘E‘H’SH rcégtarﬁgﬁrﬁﬁ%rgqugg% l\% ﬁ#rﬁo?cﬁ[éesisgag‘cgﬁ grp%g%%a%g%& ely 1

m nute. Different shapes can of course be produced using the nethaod. In one
enbodi ment 1BFreaseg;fepsis srengthy; These eharactpyistichyhopeathenmeelyes thdhe convelttedat i vel v
mul tiple start spiral corrugations, annular corrugations, axial

corrugat i omgbesrability aotxiemert isohstastiadlgad itaorigiealpfoohucm de-heiteng wosboval | shoul d
be thinned from60 %a to 5 %, preferably 50 %to 5 %, 10 J U N 2003 -11

of its origbmet wihslf aWaestrEﬁﬁn%af&rHé lny pfRe! UDRY BfkatdiaBe “chiRing®Quriyg! | shoul d
preferably be thinned to 40 %to 20 %or its original value and for a

snmoot h bor ot 0.% «inn P er . i rat her
t han squar %“chg“g&i &)ﬁﬁ grgaﬁeﬁlﬁené?ﬂg 85?% pgﬁoyﬁ%h'apﬁg&%’%athégg{ﬁ\z&%gdt h of
the thinned area is _caoncerned, working fromoriginal wall thickness W, the

wi dt h shouPEedyst angd the lessghwill sesemble itsoomigipgl formpi ckness W

At processing temperatures below 327°C the deformations will include, for

a critical force, deformations beyond the products elongation break point which
will not repair. Only deformations beyond yield, and not those beyond the
products elongational break point will revert to their original shape on re-heating
to above 327°C. “Cutting” can, of course, also occur at temperatures above the
gel transition temperature if the deformation caused by the force is sufficient. The

critical deformation will, however, be less at a temperature of below 327°C. For

example, a smooth bore convoluted tube processed at below the gel transition
temperature will, above a critical deformation, exhibit significant cut. Below this
critical deformation a tube can only be thinned in the root region to between one

third to one quarter of its original thickness. When processing at temperatures



for spooth bore type constructions and typically 30 - 600 % of peak wall

thi ckness for fully corrugated constructions. As the width ten?thng*ggoa
greater percentage so the flexibility of the product increases® Th

tube 12 has a root wall thickness W which is I ess than the peak wall

t hi ckness W when the root wall thickness W has been reduced during
construction froma standard wall thickness Wb by conpressing the tube to
di spl ace material. Furthernore conpres&ion and di spl acenent can cause the
peak wall thickness Wto be greater than the original wall thickness W. As
i 'l ustrat eghove tiel gkl trhnsition tezAperiturey thelebecan beethingieditogsbut one figthséfar t i ng
formby reheating the tube 12 to above its gel transition tenperature

w t hout a S{A%%tﬂéﬁiﬂh r&ﬁh&ﬂ &hﬁ@l&a\ﬁéﬁ%Ts OF PEARMEABI LI TY TESTS ON THE

TUBES OF Wo~ sanpl e subjected to a perneability
test using an ag@;atus . 20J UNZ2003 -12 as illustrated in Fig. 6. The
appar at us conpr agearding denagoiben 3spers, of shepreseat nwentiog there ds pewid
connecting tube 54 and a bl eed val ve 58. The test sanple 56 is connected

bet ween t he PEPENAbé comprising edderasicrobizeanid! peakls, wellivietub8.is dbairdabkd fremnpl e i s
i mrersed horizontally in a water bath 60 and a collecting cowl 62 and

rer sed a _ . )

angths. of *BTPETRRA RS K BOZA CrIhl DA hickiy SPTBY FRedes BOWARACT D (0"
ds. Pri tQ testi t.he . tus,js first d [ hel i

e ns. | rh £eRo% BEpiectibe s PUARG t rvide e\ oRHO RS R BBh P 08X e | ower

end). The sanple is then imrersed in the water bath, supported
hor i zont al thicknessdWy hkaracterised pr bat W ds iless thaar 8% 08 W t he test pressure.
The apparatus is left for a mninmmof 30 mnutes to allow steady state

perneation to bprefsihblyVWY is dib6utQ0l% eEW,g cowl is placed over the sanple,
with water filling both it and the calibrated collecting colum. Collection

of all perneatifg. gag Léﬂﬁﬁﬁb&&ﬁiaﬁlgggqg?dﬁ%n%%ﬂﬁd?sdintel_ﬂgcsiQE%@&We 'S

repeated several tinmes to ensure ste ermeat 1 on een achi eved
and the results are reprogducible. Test_.Copditions Co rci.al grade Helium

at 29.6 At t?"(‘ eﬁ%cfte‘émedg)ﬁf PQHE@’F&W%@“EM& Ong agg‘?‘lﬁ%rf?ﬁ@g Sg‘PYVer st eady
state perneation has been reached on the sanples as follows: Sanple 1.

Pl ai n cyl i yignsi afdimitegdanyige ieaused byt defarmatiting beyend ejongasion atrbegall pointal |

t hi ckness of 2.29nm over braided with steel, end fittings swaged at each

ggd.4 Sanpl & tRe fé¥i®of Buts Wrenick)v The!pestivct Rl Viidwever) refiire té &lithin 2093 ,er  of
. mm

more preferably 10% and more preferably still 5% of its original wall thickness
Wo.

Because the force applied to the tube to form roots is 3-dimensional it
cannot readily be determined. However, the deformation can be measured as
indicated above. As a general rule greater deformations can be achieved without

cutting at higher temperatures. Above 327°C deformation without cutting is about

20% better than below 327°C as indicated by the greater thinning which can bek
achieved when processing at temperatures above the gel transition temperature. Of
course the deformations can not be fixed above 327°C therefore to fix the

deformations a restraining force needs to be maintained whilst the temperature is



22-12n000 GB 009904425 2 0 JUNE 2003 -13 resulting fromthe pr SHi
sanple-1 in accordance with the nethodol ogy described with refZﬁehﬂéﬁ?gﬁoa
Fig. 1 over braided with steel, end fittings swaged at each end. Sanpnle 1
| eakage rate 220 cc per hour per netre. Sanple 2 | eakage rate 150 cc per
hour per netre. Since the weight of the tube per unit length in sanple 2
was approximately 20 %Il ess than the weight of the material per unit |ength
of sanple 1, the figures were adjusted9to give a figure for a tube of a

gi ven wei ght. Thus the specific inprovenent in perneation resistance is 22Q

X 5 =1.83 Hpsppedith beldWEB2TRC dich thitethé BéehhGoRehd¥Balel sedbldlas been reduced in
the ratio of 1:0.55. Furthernore the flexibility is inproved. In this

regard sanple 1.kinks at a hend radiys qf .381mm whereas s l.e 2 .kinks at a
bend radius of 63°sHf¥eRYin y‘ﬁuﬂ%@ #&‘gﬁ’eg i’ﬁp‘é{?’{ é’(ﬁnex\ﬂﬁ‘g%ggﬁlé B@ﬁ\/\een a
snoot hbore externally convol uted tube nade by the nethod of the invention
and one nadefemﬂlcblt@ll%/gsat 16 iewhéohat ur e bel ow 327C. The results of the
conpari son are given below. Sa~7~e 3 (Plain tube). Leakage Rate 241cc/hlm

S5ammle 4 (Extermgkly Q@@_Qiﬂéhﬁdctdi mﬁrmﬁgdmbe&ewfsa@z fanireL6plgRge rate
224cclh/ m AMEN SHEET 2003 -14 Sanple 5 (Externally

convol ut ed . 550 C and cool ed bel ow
327 C wit hpg&ﬁ‘g:gpﬁg)fﬁﬁﬁ@gﬁm ‘%C&ﬁégktgég%v?ghg%&c/ hr/m Figures are
perneation rates of heliumat 29.6 At (30 Bar) at roomtenperature. ,

. g 0% Vehich s ap gplarged sawoalﬁbweéw p Speent Ak ¢ PBFE tube o
whereas at above 327 C there is a very significant inprovement of 62.8 %.
I n practi ceomprikimg dxéarnalf rootscarkdipetksemta sracathtinteanad baed)i eved when t he
tenperature is between 327C - 450C) nore preferably 327C - 420C , since
def ormation is erqgl 8ViSth WitlaRuyt view 'AiaThld s86mBBH! &nhprisimeY Uiferd e

el ongati on break

according to the invention;

Fig. 4 is a graph showing maximum working pressure vs temperature for
different sized PTFE tubes according to the invention;

Fig. 5 is a graph of flow rate vs pressure drop for different sized tubes
according to the invention; and

Fig. 6 is a diagram of an apparatus used for conducting the permeability
test.

The invention is further illustrated with reference to a table, which shows
the specification of a number of different sized tube and hose assemblies.

Finally, examples with comparative data, showing the improved
permeability resistance of a tube bfoééséed in accordance with the invention are
given.

Referring to Fig. 1 a plane cylindrical PTFE paste extruded tube 10 with

a internal diameter 1.D. of 254 mm and a thickness W, of 2.29 mm was heated



limt.in any position in the convoluted configuration. The elongation |imt
i'ncreases with the processing tenperature. Wil st the inventi 0[2[ gaﬂlxg 93
specifically described with reference to a snooth bored convol d 30
will be apparent to the skilled nman that convol uted tubes of various
configurations can benefit fromthe nethod of the invention. A tube as
outlined above) particularly a snoothbore with external convol ution, has
many applications since it overcones -tlge di sadvant ages of either
conventional snooth bore or internally and externally convol uted flexible

hose desi gng BSGT@B’ﬁfaisﬁﬁl\lﬁ% sizZ8® brfaMdrep Rntoaﬁwh% iht8fial diaﬂﬁteY'vﬂﬁb?a' wagechni cal
per f ormance paraneters. e tube can be used as a hose liner in a hose

assenbly. It ri ses e eqra sgecti,ons pea 16 which
support t hé’ F%ﬁr"%aﬁ’r‘?s{’ ‘ﬁﬁﬁkﬁhﬁfé’“‘?ﬂaﬁﬁh‘?ﬁ%ﬂ ed @gs]ﬁﬁseﬁg‘ﬁd onpr essed
web sections (roots) 14 leaving a 0 J U N 2003 -15 snoot hbore i nner
surface 18 diameser ofsthe opisidedliametenofche tendrekansl tveiee thelwall thickinesy Wothose
conprising a snoot hbore externally convol uted PTFE tube according to the

_invention sh®pEstid ©B¢ Hias Bt FHRD MRHE Withithe RIVR RO thdt 66 1¥4aa{E enﬂ%ﬁﬁ%ded toa . .—
conventi onal convol uted . hose (both internal and external convol uted).

These i ncl it noot hbor e
and polish cP rest}{fe Mgﬁﬁeﬁ?@hdﬁ?iﬂ?égv‘gﬂa{ﬂﬁo &#‘xl%gﬁasgioohh%?rgﬂ é‘r’no“iﬁé&ﬁ?ﬁ gher.
Pressure Ratings which are nore than 50% hi gher. Gas Perneation Resistance
whi ch is moReEOMMISInEots, 14, GWih a ragtavat) thickpess 3V aranddegles 1 (With apepker essur e
which is nore than 50 tines the life (dependent upon test conditions). One
type of hosealt tiripkness 'W) avhiIEE mdinthiaingcthe rtdbegt aotetnperatumeéeatiove nhe igel
illustrated in Fig. 3. It conprises a PTFE liner tube 20, wi th external
convol ut i orgundioh epfikfuld Nt [IRWingEnd"t eStBeP!\ad Raitfiala pTe 28 Wi th

slight ripples . The inner surface has been hot polished. The liner tube

has a flar dend 32. .The exter rfac of th .S.COV with a
br ai d 34 oVEPRIIALTE byiop i BT ioR KoreRu| syt ot IRoUGFnERA AR fhe'r 0 o
fittings 36. A ot 38 |jes between the tube and braid and is secured by
a ferrule 400l &FE“{'\VPW@C’( uBke fasbelowifbe gehHansitiomiemperaypr whlst PTFE
(hose grade) or is made antistatic by the inclusion of, for exanple, carbon
bl ack. The applyirgra restrjiningrforressucnthatithe appéalatinis ecamdstablef | Thediselicainveyed
are not highly

tool was rotated relative to the mandrel at a speed of 18 revs per minute such that

the leading end applied a 3-dimensional deformation force at above the gel
transition temperature and the following end applied a restraining force until the
temperature had dropped below the gel transition temperature and the convolutions
had become stable. In this regard, each section of the convoluted tube was
subjected to the restraining forces within the tool for approximately 1 minute.
Different shapes can of course be produced using the method. In one
embodiment a single start spiral corrugation m;;l;e fc;rmed Alternatively multiple
start spiral corrugations, annular corrugations, axial corrugations or a combination

thereof can be produced.

The root wall should be thinned from 60% to 5%, preferably 50% to 5%,



2 0 J.UN 2003 -16 electrically resistant. The latter is suitable for use
I'n applications where electrically resistive fluids, such as f S,

solvents or freons are being conveyed. The antistatic nature o&ebhe'UNbZOUS
prevents a damagi ng el ectrostatic charge build-up inside the hose. The

uni que properties of the snoothbore, externally convol uted tubes nmake them
suitable for use in circunstances where conventional PTFE |ined hoses woul d
not be suitable. In particular, hosess With a 15 nm- 50 nm hose bore size
can be used at full vacuumup to 130C. Above this the vacuum resistance
shoul d be rofdtscerigipabwalne Waer Fateyyfely oommgatad Ghapei the noat hwalk shawdd

rel ati onshi p between nmaxi mum worki ng pressure (in Bars) vs tenperature in C

for a ranggr&ktrabBss: &lif®s td4O% th 309 oR ite ofigfifdl 941820AH fHNRABmbEh bore
conventional convoluted PTFE hose. In a straight configuration, using water

as a test di um w.hgtes as illustrated in Fig. 5 can be achieved. In
practi ce, WE?RF/L{PQP?%E)%f)%"vary with hose flexing, fluid viscosity, end
fitting design and other parameters, but in general hose flow rates 2-3

ti mes bet t-er—t-h&neferably m radinssed aathen thassqeaeredgssio-ther dinnediregiod. is The

specification of typical products are illustrated in Table 1 bel ow 20 J
U N 2003 QbW oeQpo~~ a:a. ow-oD~A( ~ m O, Wh OV ~~ yr G ,bd rn ~~ vs p
, ~~7~~~~0v Ov ~ NO/~i~~NOC~?i~w~aNI1Dwww~0e ~. rwNN~ Oa

561, %0 OnpP g b YR BEF R ondfo o o™~
wall thickness Wo, the width should be 10% - 200% of the peak wall thickness W
for smooth bore type constructions and typically 30 - 600% of peak wall thickness
for fully corrugated constructions. As the width tends to a greater percentage so
the flexibility of the product increases.
The PTFE tube 12 has a root wall thickness W, which is less than the peak
wall thickness W, when the root wall thickness W, has been reduced during
construction from a standard wall thickness W by compressing the tube to displace
material.
Furthermore compression and displacement can cause the peak wall
thickness W to be greater than the original wall thickness W,
As illustrated in Fig. 1 the resulting tube can be returned to its starting form
by reheating the tube 12 to above its gel transition temperature without a
~ restraining force in place.
RESULTS OF PERMEABILITY TESTS ON THE TUBES OF SAMPLE 1 AND
SAMPLE 2

Two sample tubes were subjected to a permeability test using an apparatus
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maxi mum Qper ating. Tenperatures: SS Braid -70 Cto + 260 C, PB Braid 30C

to +90C. SSs it mIFighB. - TheCapparati2Empris®ds Sihelidth supplyl 88)G pressure
Pressure Variation with TernPerature: SS Braid. as per Fig. 4; PB pressure

as - U?-Qg%lﬁto?\fﬁr am}lﬁcelriﬁgnﬁﬁé 3l Ung arlﬂQ&Fi/alg%SSF PriftlsanfHi@§65s 2T € Per

Fig. 4, B y wthint tenperature range r the particular grade. TO
tube only SS Stainless Steel .
Y connectedrl)etween ri\e connecting tube 54 and the bleed valve 58. The test sample

is immersed horizontally in a water bath 60 and a collecting cowl_62_and
calibrating column 64 positioned thereover. The samples 56, which are known
lengths of PTFE tubing, are overbraided with end fittings swaged at both ends.
Prior to testing, the apparatus is first purged ensuring only helium remains
in the sample (it is held vertically with the bleed valve the lower end). The sample
is then immersed in the water bath, supported horizontally, and the helium pressure
is increased to the test pressure. The apparatus is left for a minium of 30 minutes
to allow steady state permeation to be achieved. The collecting cowl is placed over
the sample, with water filling both it and the calibrated collecting column.
Collection of all permeating gas is timed and the amount recorded. The procedure
is repeated several times to ensure steady state permeation has been achieved and
the results are reproducible.
Test Conditio
Commercial grade Helium at 29.6 At (30 Bar) at room temperature.
Leakage is determined after steady state permeation has been reached on
the samples as follows: 7
Sample 1. Plain cylindrical tube with an internal diameter of 25.4mm and a wall

thickness of 2.29mm over braided with steel, end fittings swaged at each end.

Sample 2. Smooth bore convoluted tube with an internal diameter of 25.4 mm



PB Pol ypropyl ene RC Rubber covered FP Fire proof SI Silicon rubber covered.
2 Q23dd0 V 2003 - 19 A PTFE tube may be used as a |ightweight hoseGB008804425
in applications where working pressures are | ow and where there is no need
for the physical protection offered by an external braid. Stainless steel
(SS) braided hose is used in applications-involving high tenperatiirdt N2003
wor ki ng pressures. High tensile grade 304 stainless steel wire is used, to
gi ve maxi mum pressure resistance and external protection to the hose.

Pol ypropyl ene brai ded (PB) hose is oftdn preferred in application involving
frequent handling and novenent of the hose, and where tenperatures are

Wi t hi n t heresahing fr&f th€paotdssing® 6f sdinplePB ihrastatdamke | wigh e methodslogyt , and
any broken strands will not cut the operator's hands. In addition, PB braid
is not pro : |l (o] i i Llon ection
may be pr o@i&aiélge%\%@ IF ﬁ%‘%& gﬁ?g?ggo{) herg{r‘]ilgg ?ﬂﬂlu%%eg’déﬂgpgﬁﬁggg ia)gﬁg&%er e the
hose may be subj ected to rough treatnent and severe external abrasion a
rubber cov%ﬂchr?gdis provided it may al so be added for hygi enic applications,
where external snoothness and cleanability of the hose is of prine

i npor t anceTesthresubtsef erred rubber is EPDM whi ch has excel |l ent chem cal

resi stance, and is tenperature resistant up to 120C. O her external

prot ect i onghi maylsgﬁa y lﬁ&&q il rubber; silicon rubber
(resist antS 180 ar%ﬁlgﬁezazpq);c cu %ipggéﬁg%d protection coils. A w de
range of fjttings may be incorporated to forma hose. They include sw vel
flux fi ttiéﬁg@ﬂeis i|¥%§%&ﬂa¥?@d5\%ﬁ°mf§%°31fp6¥mem 11851 fittings (mal e and
20 JUNE 2003 -20 fermale); camaction fittings, frictioned fittings and
SMB and RTT fi t $inpegjthe weight -of theXobo® paBuio Eagth4a Sample 2 was approximately

20% less than the weight of the material per unit length of sample 1, the figures
were adjusted to give a figure for a tube of a given weight.
Thus the specific improvement in permeation resistance is

220 x 5 =1.83
150 4

in other words, the specific permeation has been reduced in the ratio of 1:0.55.
Furthermore the flexibility is improved. In this regard sample 1 kinks at a bend
radius of 381mm whereas sample 2 kinks at a bend radius of 63.5mm.

In a further test a comparison was made between a smoothbore externally
convoluted tube made by the method of the invention and one made entirely at a
temperature below 327°C.

The results of the comparison are given below:

Sample 3 (Plain tube). Leakage Rate 241cc/h/m
Sample 4 (Externally convoluted tube processed below 327°C ) Leakage rate

224cc/h/m.

AMENDED SHEET



20 J UN 2003 -21 1. A PTFE tube conprising external roots and peaks )

whi ch tube is obtainable froma non-convol uted tube having an original wall
t hi ckness W and an internal dianetef-1D - by a process in whi cz @J%%OS
of the tube is thinned to provide external convolutions with a root I

t hi ckness W, characterised in that the convol uted PTPE tube has an

i nproved resistance to perneation of greater than 7.6 % by conparison with
t he non-convol uted tube) the conpari soff bei ng made between tubes of (i)
equal internal dianeter ID, and (ii) equal weight of PTFE per unit |ength.
2. A PTFE tdampled (Externaly donveluiidnfube priegessed abose 32prGwad belowt $3Q€te to
permeation by conparison with the non-convoluted tube is greater than I O %

3. A PTFRniooledbefdvaBIEC withamesRaipaneirey, dlaakigeRat a48cd/i@ml nproved
resi stance to perneation by conparison wth the non-convoluted tube is

greater than 20 % . 4. A b s glaj.med i n di ng claim
wherein the i rrprltz)/lg%r(fsraé'%ips%i[lg té)lﬁt gat%ePﬁé’gll?rgnatbgg‘go%bgé(F?%ﬁ 8 1% he
non- convol uted tube is greater than 30 %. 5. A PTFE tube as clainmed in any
_preceedi ng 'eMBETRfWRer ei n t he i nproved resistance to perneation by e
conparison with the non-convol uted tube is greater than 60 %. 6. A PTFE

tube as cl ai med Below3R7C aeeei anhppheentimprovéifet of TO%hwhdit & d1aboWVENDED
SHEET 2 Q SUN 2003 -22 bore. 7. A PTFE tube as clained in any preceedi ng

claim whi b j I Qeste S\ d tube having an original
wal | thi ck?ggsé\t}geﬂgﬁﬁgglﬁg}i %Fgrﬁ%gﬁmﬁ)ﬁmt eeﬁj?lgr)?h{%/%'a process conprising: _ _
1. subjecti the, PTFE tube to a deformation force at a tenperature at
or above the gelrk%t PrAFGe: toast e&‘HPﬁr'\z‘%Peﬁf’T‘iﬂE“’fs{)aﬁr aehieved when the ned
convol utions having a thinned wall W ; and 2. cooling the PTFE tube to

bel ow t he demperaturesiis besweereBPEIGt 46@° Ghimose preferablyl327§Ct-042056s¢ sinéen t he
deformati ons having the thinned wall W1 until the convol utions having the

t hi nned waldefdffnatiayy & A@ﬁﬁwmwah@hlsﬁah&gbme Wﬁ&i&llﬂé?orﬁﬁthé leRinBRfbni BredY
preceding claim which on heating to above its gel transition tenperature

W thout a nggh i3l Sy Jodifls §n ' e RoAGEuted Yok @iM.t MRk elongation limit

increases with the processing temperature.

Whilst the invention has been specifically described with reference to a
smooth bored convoluted tube, it will be apparent to the skilled man that convoluted
tubes of various configurations can benefit from the method of the invention.

A tube as outlined above, particularly a smoothbore with external
convolution, has many applications since it overcomes the disadvantages of either
conventional smooth bore or internally and externally convoluted flexible hose

designs, dramatically improving on many of their individual technical performance

parameters.
The tube can be used as a hose liner in a hose assembly. It comprises (see
Fig. 2) integral rib sections (peaks) 16 which support the tube against kinking,

vacuum and pressure and highly compressed web sections (roots) 14 leaving a



20 % of the tubes original wall thickness W but will not do so bel ow the
gel transition tenperature. 9. A nmethod of producing a PTFE t e A0
external roots and peaks from a non-convol uted tube havi ng anggfi‘gﬁ:EMI
t hi ckness WA conprising: 1. subjecting the PTFE tube to a deformation force
at a tenperature at or above the gel transition tenperature of PTFE to
produce constrai ned convol utions having a thinned wall W; and 2. cooling
the PTFE tube to below the gel transiti®on tenperature whilst continuing to
constrain the deformati ons having the thinned wall W until the

convol ut i osmohthboreyinnkesurficari@dwinah lis Vippled wad peoades excellentflexibilitp. ~ a N
2003 - 23 10. A nethod of producing a PTFE tube as clainmed in claim9,
wherein the tubei IW- a i | PRI NY a

| eadi ng end andq% lfﬁ)glgl ow néﬂggnd aingﬂggﬁg?%%%fdgﬁv@#%m?ﬁe mamdrngfeI at a
speed such tha .thet IBadi ng..end a%)l L es .aaéﬁef or mat i on. at ab&ye t he gel
transiti on2EeQREat0,tAC ARVENLOR ShAWS Sighifican smBrayPmERt in properties whed £ oy ce
until the tenperature has dropped below the gel transition tenperature and
t he _convol gemparedhde ea beanyeatienah beanvoluted faset (hoth dpternadi anstl éxterorlai m 10
wherein the mandrel is a plane cylindrical mandrel. 12. A nethod as cl ai ned

in clains gonwlutkd). WMraéiifcibe fol l owi ng end of the helical tool is
mai ntai ned at a tenperature below the gel transition tenperature. 13 . A

Ve, 14, A et nog 0 iRyl nia B Blelrh il 1518 shodlnofe 4P SRR g "5

A hose assenbly conprising a PTFE tube as clained in any of clains 1 to 8,
a braid ansudae Briskore end fittings. 16. Use of a PTFE tube as clained in
any of clains 1 to 8 in a hose assenbly for the purpose of inproving the
resi stance to pdlowRateswhichseé thobothmnal&rhigher. 17. Use of a PTFE tube as
claimed in any of clains 1 to 8 for the manufacture of a hose assenbly

intended to havered¥RfeoRMAthgs SoNieh aRCRokOMARS0%Ahiget. 18. A nethod conpri sing
passing a fluid through a PTFE tube or hose assenbly under a pressure

Chr ough o Pree (bd e RERpReRe T Holefin 1505 g "fad foce ° P

22-12-2000 -24 assenmply %S clainmed in claim15., . .
ex Life at Temperature and Pressure which is more than 50 times the life

(dependent upon test conditions).

One type of hose comprising a PTFE tube according to the invention, is
illustrated in Fig. 3. It comprises a PTFE liner tube 20, with external
convolutions 22 of peaks 24 and roots 26 and a smooth internal bore 28 with slight
ripples 30. The inner surface has been hot polished. The liner tube has a flared
end 32. The external surface of the liner is covered with a braid 34 over most of

its length. Attached to the ends of the tube are end fittings 36. A spigot 38 lies

between the tube and braid and is secured by a ferrule 40.
The PTFE (line tube is either made from FDA approved PTFE (hose grade)
or is made antistatic by the inclusion of, for example, carbon black.

The former is, for use in all applications where fluids conveyed are not highly
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TO  tube only

SS  Stainless Steel
PB Polypropylene
RC  Rubber covered
FP  Fire proof

SI Silicon rubber covered.
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10% & () - A PTFE tube may be used as a lightweight hose per se, in applications
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stress corrosion.

Additional external protection may be provided over the braid.

For the most rugged applications where the hose may be subjected to rough
treatment and severe external abrasion a rubber covering is provided it may also
be added for hygienic applications, where external smoothness and cleanability of
the hose is of prime importance.

The preferred rubber is EPDM which has excellent chemical resistance, and
is temperature resistant up to 120°C.

~ Other external protectidn which may be u—s;:d inéil—xdes-ﬁreproof rubber;

silicon rubber (resistant up to 180°C and clear); scuffrings and protection coils.
A wide range of fittings may be incorporated to form a hose. They include

swivel flux fittings (as illustrated in Fig. 3) or DIN 11851 fittings (male and
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convoluted PTFE tube has an improved resistance to permeation of greater than
7.6% by comparison with the non-convoluted tube, the comparison being made
between tubes of (i) equal internal diameter ID; and (ii) equal weight of PTFE per
unit length.

2. A PTFE tube as claimed in claim 1 wherein the improved resistance to
permeation by comparison with the non-convoluted tube is greater than 10%.

3. A PTFE tube as claimed in any preceeding claim wherein the improved
resistance to permeation by comparison with the non-convoluted tube is greater
than 20%.

4. A PTFE tube as claimed in any preceeding claim wherein the improved
resistance to permeation by comparison with the non-convoluted tube is greater
than 30%.

5. A PTFE tube as claimed in any preceeding claim wherein the improved
resistance to permeation by comparison with the non-convoluted tube is greater
than 60%.

6. A PTFE tube as claimed in any preceeding claim having a smooth internal

AMENDED SHEET
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its gel transition temperature without a restraining force in place returns to within
20% of the tubes original wall thickness W, but will not do so below the gel
transition temperature.

9. A method of producing a PTFE tube comprising external roots and peaks
from a non-convoluted tube having an original wall thickness W, comprising:

1. subjecting the PTFE tube to a deformation force at a temperature at or
above the gel transition temperature of PTFE to produce constrained convolutions
having a thinned wall W_l;”;nﬂ o o

2. cooling the PTFE tube to below the gel transition temperature whilst

continuing to constrain the deformations having the thinned wall W, until the

convolutions having the thinned wall W, have become stable.
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14. A method as claimed in claim 13 wherein W, is about 20% of W,

15. A hose assembly comprising a PTFE tube as claimed in any of claims 1 to
8, a braid and one or more end fittings.

16. Use of a PTFE tube as claimed in any of claims 1 to 8 in a hose assembly
for the purpose of improving the resistance to permeation of said hose assembly.
17.  Use of 2 PTFE tube as claimed in any of claims 1 to 8 for the manufacture
of a hose assembly intended to have ;fnproved resistance to permeatlon

18. A method comprising passing a fluid through a PTFE tube or hose assembly

under a pressure greater than atmospheric pressure characterised in that the fluid

is passed through a PTFE tube as claimed in any of claims 1 to 8 or the hose
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