&
; e3et YQTTUTVXDWY6FYTYP*L 1 A Flexi ble Tank and Method of Making such a
Tank The present invention relates to a flexible tank for bulk |iquids and
a method @fo /4Rl Ng such a tank. In particular, the invergmamBorelsé es to a
di sposabl e flexible tank. Flexible tanks, or flexitanks, are bulk
containers that are used for storing and transporting fluids. These tanks
can be constructed froma variety of rubber or to thernoplastic naterials
and typically have capacities of up to 24,000 litres. In use flexitanks are

used inside dry goodsA @ekibléTank sk Méthoduf\Makingseeleh Taik ai ners into
bul k I'iquid containersS capable of carrying up to 21.5 tonnes of i s One
known flexitank is made froma woven nylon or polyester fabric coated on

both sides with synthetic rubber or thernoplastic material. The coating is
done using a process called calandering. This is a re-usable tank, with a

life span of l ARLER! Ieolioh GeHR Bia AeRRAIRIRERCTghd Snitinihetivod 81 1

Jequires re- use can cause contam nation and

envi ronnent atnaqﬁ% @L’iélfa tdrik. 2th ichl! NtheAnk&itish fe)ates16 tar digposabld Hexibipli r ed
to operate, n clean, serVice and return the tank. Thi's neans that
there is a hitgik.capital cost associated with the running of the business.
Furthernore, in practice, tanks of this type are subject to quality

probl ens. 2s Due to the problens associated with re-usable tanks, there has

Cypi cal |y madbubie okt Q%%W?@% RS i Sinbl, UG A8 st T8k SR and

however, tha cg% J Qafl Idfthgépgf em;
with | eakagei‘m%%?%éﬁlge}?ulggyel y comon. % % gﬁ’tuﬁtgra 1glﬁltgla%‘jvant ge of prior
art flex t ankfernfoplistic ﬁmﬁﬁ:rfﬁl@mﬁ@@ipibalwmv@cmlﬁmk@ﬁup e 24,000nktes. In
susceptible to contam nation. Were hygiene is of major s concern this can
cause probl ense fiexitankeare afsed hasﬂcah'gngoddsvmtamﬁrﬂ, ghexgbyrepnverting, such

i nproved flexitank, in particular an.i rove sablef

Vari ous aspecostainersyatq hylkniqud containess; ¢ YWSé’pPel%éL%a@PBF

Some preferred featu a din the de endent clainms. -is Accordl ng
to the preserﬂonl (E(?‘%Al&"ﬁﬁg’ﬁéa&g

a one piece body portion that is foﬂrg\él Sgﬁng I): gi/(v: Elgﬂummmmmﬂ“m“m&om” 56

. *150150*
15 One known flexitank is made from a woven nylon or polyester fabric coated on

both sides with synthetic rubber or thermoplastic material. The coating is done
using a process called calandering. This is a re-usable tank, with a life span of,
typically, five years. A disadvantage of this tank is that it requires re-cleaning
after every use, which can cause contamination and environmental concerns. In
20 addition, a large infra-structure is required to operate, handle, clean, service and
return the tank. This means that there is a high capital cost associated with the
running of the business. Furthermore, in practice, tanks of this type are subject

to quality problems.

25 Due to the problems associated with re-usable tanks, there has been a trend in
the market towards disposable or one-use flexitanks, typically made of

thermoplastic (PVC). A disadvantage of these tanks is, however, that they are

O
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An advantage of this is that it mnimses the nunber of seans required to
formthe tank. This neans in practice that the tank is | ess susceptible to
| eakages. wiy@ifasds advantage is that the interior of the tarkrigpi/meser
touched by human hands nor is it exposed to the atnosphere or dirt or
bacteria. This nmeans that 2o the tank cgn easily conformw th the highest
of hygi ene standards. Preferably, the one piece body portion is a seanl ess
tube. The ends of the tube may be closed by, for exanple, welding. 2s
Preferably, sujecite quaticeptubdympowith deekagesbeinguehitivelyooembrmonyi ng an i nner
liner and the other formng an outer liner. 3. The one piece body
portion may be made of pol yethylene, preferably a blend of resin and

bondi ng agent,. .The ratip of the. resin t0 bonding,agent may.be 75%to ' 25%
Pr ot er ably. (g diadapiage Sttt B8ise) BinALER mARkrtfriny bicsgss
density poly HHPE ‘gﬁﬂ) m.eal i 1.0 S
iy be a co- g%a:%kﬁgp;&egre er%%f e?%??‘ec?gvgbﬁé ﬁbgbr?/\i,hae}g .ﬁTﬂgﬁg{jB%ach
body porst i oncoRoerfidnR daficativ®probléms.e | ayers, for exanple three or four.
Preferably, the body portion 1s co-extruded. Preferably, the body portion

conprises two |ayers. The two | ayers may be of different polyethylene, to
one being, faor exanple, .a high density pol yethylene, the other being a | ow

density pol yéahebiass oftthe pessent vendionnis, i, Provids) an dmpexysd, dlexitapls.
coextruded layer fulfillin di ffar function. The co-extruded | ayers
may be Met al Péﬁbcf‘i‘éar aé\)ﬂ“?@?’ﬁ@ldéﬁ?gseeﬁlgﬁe}‘ﬁun?at e) and linear |ow density PE
Ccten (linear |ow density pol yethylene). 15 According to anot her aspect of
the present invention, there is provided a nethod of formng a flexible
tank usiong bMaousi dspedts dfrthe issertionf arerdedinedeinthe drdependentsclaimsly Somé i on.
20 Preferably, the one-piece seanl ess body portion is a tube. The ends of
the tube ar eppeferreddbatyres ase defippd in the depgndent clsisdi ng. Preferably, the
step of blow ng the tube conprises co-extruding at |east two | ayers of
material to formthe body portion. 25 Preferably, two one piece body
portions are h:ded ' j rld : 0 TN

outer liner. Apd’cgﬁdlg%hgo gﬁg l%lg%égg ‘E‘gﬁgﬂﬁirﬁ%ﬁqrgm@%%éaﬁéeﬁgg br%gt eri aﬁﬁ% hat
conprises a Rkbaipises alod@ipled@bo itiog thateis forme® lisihgWlywingechaigues.of . t he
resin to bonding agent is 75%to 25% Preferably,, the resin is ite
(Metall &in) 5100 resin (C6 LLDPE)

An advantage of this is that it minimises the number of seams required to form

the tank. This means in practice that the tank is less susceptible to leakages.
Another advantage is that the interior of the tank is never touched by human
hands nor is it exposed to the atmosphere or dirt or bacteria. This means that

20 the tank can easily conform with the highest of hygiene standards.

Preferably, the one piece body portion is a seamless tube. The ends of the tube

may be closed by, for example, welding.

25 Preferably, two one piece body portions are provided, one forming an inner

liner and the other forming an outer liner.



s made by Dow Chem cal s. The bondi ng agent nmay be a co-polyner, preferably
EBA. Various flexible tanks and nethods for maki ng such tanks in which the
present i GRflifsus i S embodied will now be described by waypcxiiBexenspé e only
and with reference to the follow ng drawi ngs, of which: Figure 1 is a side
view of a seanl ess tube of material forgmaking a flexitank; Figure 2 is a

pl an view of the tube of Figure 1, when laid flat, with its ~s ends seal ed,
thereby to forman inner liner for a flexitank; Figure 3 is a side view of
an outer tubThabnkipiese badyoportionhmay be msadet efpaliethiytene; ptefemblya bitrglok 2;

Figure 4 is a section on the line Il1l-111 of Figure 3; Figure 5 is

section t hr otesin ané bandingragent The ratkeof thedesiada honding agentmaybe 8\5§;Ftcgur es
Tranner ~shows 39 FRTEIEeBY. it ptin i, Bile, et AN Yoo ReF ACBCRIAAE o
lexi tank Tndpitey ByElhy it (LEDFEY) REGE by Do Ciehitals Pibamiing ekl =
e 010t o b st ot emtgelnme) |5 b
expanded portion of a part of the flexitank of Figure 10(a); s Figure 10(c)

Is a section_through part of the flexitank of Fi uie 10({1%1; Figure 11 is
an exanpl e oflhg ATRAEN{RAdYRHHORIMAY COBDIITE MO, 'E“é?ﬁfk BFEEIG P%‘"i‘utjeaﬁ'fee

Fi 12 i bl | cal bSiel fath

Fl oxi tank of OFigEPe Rtstarbinte G087 Jikoh R, oS BRRIIE" PREHABNE e Body
physical ¢ ha'j)éfﬁ(ﬁ{ &&hg{i%é’fw@ld%@fi | Bhe kWb %ayérg‘ ﬂ’iﬁycl%‘opéif%f@@lfbdl%ﬁﬂ?ﬁene,

flexitank of "Figure 1 Figure 1 shows seanl’ess, open-ended, one piece
t ube of jgrat epnal belflg, Tdti xample, a high density polyethylene, the other being a low

-density polyethylene. The body portion may be triple co-extruded, each co-
extrﬁded layer fulfilling-a different function. The co-extruded layers may be
Metallocene, EVA (ethylene vinyl acetate) and linear low density PE Octen
(linear low density polyethylene).

15
According to another aspect of the present invention, there is provided a
method of forming a flexible tank using blown film techniques to form a one-

piece seamless body portion.

20 Preferably, the one-piece seamless body portion is a tube. The ends of the tube

are preferably closed by, for example, welding.

Preferably, the step of blowing the tube comprises co-extruding at least two
layers of material to form the body portion.

25
Preferably, two one piece body portions are provided, one being an inner liner

and the other being an outer liner.



seamnml ess tube 10 is fornmed using a blown filmtechnique, which involves 1 s
liquifying constituent materials, extruding themthrough a die and bl ow ng
t hem i nt ow® di120&s8 bubble. .1n one exanple, the material | ir/BoENBE a

75% 25% mi x of Elite (Metallasin) 5100 resin (C6 LLDPE) nade by Dow

Chem cal s and co-polynmer EBA. In order t40 make a 23,000 litre capacity
tank, the bubble forned is about 7mby 4m typically 7.3mby 4.04m The

t hi ckness of the 20 material of the bubble is typically 225 m croneters,
but may be as nuch as 250 microneters. The bubble is cut to forma seanl ess
tube. The seanl ess tube 10 is used as an i,nn i

. r liner, 10 for .afl%>1<itdan}<.
Two hol es ar d heomeericed bady ROFHHN Mmayche mgde of ma that epprises)a blend o
S di hol,e i Sq | . : e |
S emal'e ek 0 gt ABefle BrelRABS e rarht BF B Reshif1d BOndingiachle | ©

formed, t ypg%% ¥ 2?@?@&?&%; heh SEGRPiIsTE Lite TRStaMasiAYS5 1 00 A%t (CRIE.DBERS €

wel ded. Once e ends of "'the inner liner 10 are sealed, it is placed
i nsi de & si miphaAte, bypIlow Ohengeals.o dtherbdridieg agéht may bbaveo-polyferupreferabior ned
t hrough the outer liner 18 are two holes that correspond to holes 12 and 14
through the iBB®r liner 10. A s collar 20 is welded to the male flange 12
on the inner liner 10 and the outer liner 18, as shown in Figure 4. This
collar 20 extends through the outer liner 18 and is adapted to receive the
end of a hos f Llsd ' : ts t e
flange 14 1 s Rl AciibRAsiRS oRTRAHOR kirtnh@ifoupRIRAS i uhRH e prefen

i nternal presgwmio istdifbddied villasow be dexcrilatl by way- sfodxdneplelonly an@rwith t he
inner and outer liners 10 and 18 respectively are correctly positioned, the
ends of 1¢ he aefeeende todhe fallewingsdramdngs, ofeddtieh:, as shown in Figure 5. A
tank fornmed in this way is illustrated in Figure 6, which shows a 7470mm by
3950mMm seal ed inner liner 10 inside a 7670mm by 4850mm seal ed outer |iner

is 18. In an alternativ r e : i N | 4 e
not seal ed separ a[liggus}rep i%rgsg&l &E@tqft)%%lc%@géﬁﬁ{e]béu efrlﬁ'%aelrfo?g?a%ﬁﬁ a
instead the ends gigfifagki nner and outer liners 10 and 18 are seal ed
together at one, position, as shown in 20 Figure 7. A tank sealed in this
way is shown in FiRjgne 3.is rplahivdewasfethettbe wi dtigursf 1,t when daidrilaty wath its
identical to or very slightly larger than thaf of_ the_inner |iner, although
it is |ehger. Eaclends sealed; thgeabystodosm:asy inperiner fgpadley@Bkapove is fully

seal ed. This neans..2s_that boih .pri nar nd, seeco I i

provided. This i sst&}?n Had ‘Ggglagtsaaéy?lﬂte{ @u&{ﬂﬂi&g?{?&g\&gmhqgﬁ H%eﬁgé"l nRer

| i ner being darragqqne“ﬁqe[od{tﬁ%u}é per can still fully contain any |eakage.
Figure 4 is a section on the line ITI-III of Figure 3;

Figure 5 is a section through a seam for sealing the inner and outer liners
20 of Figures 2 and 3;
Figure 6 is a plan view 6f a flexitank that is sealed in the manner shown
in Figure 5;
Figure 7 is an alternative seam arrangement for sealing inner and outer
flexitank liners;
25 Figure 8 is a plan view of a flexitank that is sealed in the manner shown
in Fi gure 7;

Figure 9 is a side view of a flexitank that includes an in-transit hose



7 In use a hose 22 is attached to the collar 20, as shown in Figure 9. To
prevent the hose fromfalling around during transportation, in-transit hose
prot ect oryodf/7akse attached to the outer liner 18. These prrTaBhDoEShave
straps 26 that can s extend around the hose. Each strap is welded to the
outer liner at several points along itssg ength. Buckles 28 are provided at
one end, so that the straps 26 can be wound round the hose 22 to hold it
agai nst the tank and then secured to the buckles. to Early tests show t hat
the fol |l owi ng tecproteetor;speci fications .can be achi eved using the inner

| i ner described above: Thickness: 221 mcronmeters MD Tensile strength:

29. SVpa TD Tensi | BigiredRgais aggan vigy of ywmmotherfirstitanksar : 22. 5 nicroneters
TD El mendorf Tear .. >30 j croneter L teppergture flexi hili.ty, -25C H gh
Lenperature 11 oxi BigHEy O b B RbaiRll o8 o o bt et A e,
Hence, the flexi tqg{@i s strong and relatively light. This is advantageous.
Wil st the flexitanks’ of Figure 1 to 9 have an inner liner 10 and an outer
liner 2s, 18, thE\i,\%JreniO(@)rils acseotioe throupied partoofl the flexdlaak|of RegureadO(a)y t wo
| ayers, each of ich perfornms different functions. This |liner is nade
froma bl own fil nFigurechl iis atoexdmplecofeathasdcfdr donmecting rtedthbyflexitankudf ng
two liquified conmponent g at the sane tine. In this, the inner I|iner
has two | ayers, gﬁég‘!ﬂe ﬁ%il)éh'is a 225pm | ayer of the 75%to 25% mi x of

225 < pol yet hyl SRICPE Thuf 4pbiE P ShmBCSert b liBL daBiesfiaid B b

inprove the strengfeRitahk OFFig@eK 0fddand  epl aces the outer liner 18 of the
previ ously described enbodi nents. w |l be appreciated, in this case, the
only seans that afFégureckfei’, a tabde thatshewdsonfe physical whheacteristics oflacharfier
course, the single liner flexitank cquld he nmade from nore than two

| ayers. of PE. Al t dinghthat&py bgraddgd te therflexitankofddeyred ¥@)-barri er coul d be
included to act as a barrier to oxygen, thereby protecting oxygen sensitive
ro foods in the tank, such as wine or extra virgin olive oil. In another
exanpl e, thex i i i S Uyl i [ (DI
toget her to gg?lﬁﬁei gﬂﬁwgla@ Siédnﬁr‘%rs é’l %rengﬁg’ gﬂg'ﬁgféemﬁbgﬁ gﬁéﬂ{%ult(gr IF']q‘lﬂ%er
of woven pol ypaobeskenbe PO iexforpled wfing i dlowen shilomvrtethnigheumdschl Ghedlvend
(b). 1 s Each of the four inner liners of this tank is forned using a

triple to-extiquilying biconstituentrmaterials, sexteuding dhemx throughl a diecand dlpwings:
them into a large bubble. In one example, the material liquified is a 75%:25%
mix of Elite (Metallasin) 5100 resin (C6 LLDPE) made by Dow Chemicals and
co-polymer EBA. In order to make a 23,000 litre capacity tank, the bubble
formed is about 7m by 4m, typically 7.3m by 4.04m. The thickness of the

20 material of the bubble is typically 225 micrometers, but may be as much as 250

micrometers. The bubble is cut to form a seamless tube.

The seamless tube 10 is used as an inner liner 10 for a flexitank. Two holes are
formed through the liner 10, as shown in Figure 2. Surrounding one hole is a
25 male flange 12; surrounding the other hole is a female flange 14. To seal the
ends of the inner liner 10, seams 16 are formed, typically, 50mm from the

edges of the tube 10. These seams 16 are welded.



40% Met al | ocene 30% EVA (et hyl ene vinyl acetate) 30%linear |ow .density PE
Ccten (linear |ow density pol yethylene) 20 0.5% Lubricant, where the

per cent ages d1@ERsent percentage by weight. The nateri al s rfT/Bachosaner
liner are selected to provide optim sed perfornmance. For exanple,

pol yethylene is selected because it is gtrong, but relatively cheap 2s and
fully disposable. Metallocene has good transparency, is flexible,
mechani cal ly strong and provides a good seal, as well as being resistant to
puncture. This is advantageous in a flexitank. As regards, EVA this is a

soft, 9 flexible plastic that is derived fromlow density p'0|'¥ﬁelt hyl ene
and vinyl acOnat the end$ef thpinner diner dbyaee sealed, ria plagedsingidgra sinitar, but

t herabi | i h .eristics., This i d b it fed
1 ex or acki nlgTeAr SHET ARk 131 8 Shah o Eisvs.| Eoareq ot BBUR Dy BIELEE" g
ex cr acki ' HbAIBHGA 1 SOHPES RELES _
ol own 111 m { B AGS HEeorfapond to hiRs; 2 bnd 1AMOAENE et RAPLD.P, 00

constityent palAr 2@ s wetdéd volithe nidle fimgerinba thednhéoliheg 10 ew the dwtem a
bubble. In this case, however, each liner is triple co-extruded so that the

bubbl e has t linerel §,;as-shoavst inuldigtire 4y dihds cotlgri2fe¢atendy throwgh the euter linerolh8

process, the netallocene is the jnner, |ayer, the LID-PE is mddl el r and
BVA forms t handit edaptegde respiveihesnd afikhose 1oy SVng and,semptying the Bk,

thick. Once forned, .,the,bubble is th baid f i nded
one piece tu é’,nnf"ﬁgpetﬂythteo q@%f&f&gﬁﬁ@ f%ﬁtprﬁ%@tr%%gﬁ%ﬁgﬂwﬁ% g’glgﬂgea&%}es '
n order to coliaiddiHat thd ferhhPiessifte OFER taARRIdRL #of cheth d prealdevasi ng ¢ he
triple co-extrusi process. e end of the tube is sealed and one is |left
open. Aygsecond tube is then made to be substantially the sanme wdth as the
first tube, but . slightly longer. One end of this is sealed as before and
the second t Queseithe inaer ansl ewteelinersdl band 18 mespectiely ansecormaetly pasgioned; nen

?'?;Pit L? e i oady bt oiphae 1ERE sRled Esarces biF et PHRutist B4t o
Uhe sare.w dvied jhris SFEPR bstCa RCEIENG 16 WRAE sRORs o TRTORMYY e

four inner tuyhegnih ehledahhadlinét FRutsidY HF670Me byos 850 mmesdabsdedtet Hinengh
them A nmale flange 30 is fitted so as to surround one hole and a

15 18.

In an alternative arrangement, the ends of the inner liner 10 are not sealed
separately prior to insertion into the outer liner 18, but instead the ends of the
inner and outer liners ld and 18 are sealed together at one position, as shown in
20 Figure 7. A tank sealed in this way is shown in Figure 8. In this case, the width
“of the outer liner is identical to or very slightly larger than that of the inner

liner, although it is longer.

Each of the inner and outer liners described above is fully sealed. This means
25 that both primary and secondary containment are provided. This is
advantageous because in the unlikely event of the inner liner being damaged,

the outer liner can still fully contain any leakage.



1~ fermale flange 32 is fitted so as to surround the other hole. Once these
are in place, the open ends of the inner liners are sealed. This can be
done eit hgio Wkbsa single weld to join all of the |iners trageiBoe00486
alternatively, each liner could be separately sealed. In the exanple of
Figure 10(a), each liner is sealed s prdfressively nearer its end and the
seans for the second, third and fourth liners join not only the ends of
that liner, but also skirt portions of the previous |liners. Hence, the
first liner is sealed; the end of the second liner and a skirt portion of

borti ons. of  ERESF RN ABRARTRS g ESUFA o5 biSeu i Fheane dnardarevent
thereby to giNEhodelfrBHETAlihg afoutfl durbld AAHs I ERAC ﬁ}-@raﬁﬁ?'hosg B'f&&t%@%@\éﬂ .

in nore detail 1n Figure 10{c). In any case€, once ese seans  are we

4-ply inner aieattadfed to tloe watkr linersh®ul Théye protexdorishisdve birsps Roethabi2ana
translucent, waxy feeling surface, with good noisture vapour barrier

char act & i st iektengdragoundthe hose: Fachcsieap is welded te thenower linetsevetad points of
the 4-ply inner liner 34 e.se d, it i | aced inside a | arger ter

| i ner 36, Wniai g Us -ofaé%ﬁf‘éfifmeymb@@%?nerﬁ? QS’UTE’@F the ﬂgﬁpﬁ gg&aﬁed
for strength L ISt r i e Vi ng
pol ypr opyl endeniodit AuRDei e 20hFhol it BRaf1R| Y Akl 309 thin SR o 1R
relatively 2¢uckie¥pensi ve. The woven pol ypropel ene is optionally coated

wi th polyethyl ene. This coating adds strength and rigidity to the bag as

well as making it dust tight and resistant to nost oils and chemcals. A

further adva e of using polyethylepe is that it js conpatible with the
mat eri al%' udadlyr tests gaow-that t M@ﬁowmaeiecmscahﬁpﬁmf@aﬂﬁes sanche aehisved
liner, a |arge:. Si t . n..pol ypropylene is forned into a tube.
Use of a si nglsgl@hggbﬁ%ﬁnﬁﬁtdggéréwaﬁﬂ‘{%s t he nunber of 11 seans needed.
For a typical flexitankphigRn&80YM hiicionsite® 10(a), the size of the sheet is
Adm by 7.5m Once the tube is fonmed, the 4-ply inner liner is inserted into
it. Two holes are fornadDx Teusilpisttchgthv@9eiMipat er |iner, each corresponding

to those through the inner 4-ply liner. Acollar is then welded to s the
mal e flange 30 on the iHAdrensilpsirength: 364Mpa er |iner, as shown in Figure

10(a). This collar, whi s th . wn.in Figure 4, extends through
the out&r liner as bef&?@kﬁm%@fi%?%sm%aw Sto receive the end of a
hose for filling and enﬂﬁmlﬁﬁgﬁaﬁ"f%?}(>3%rrﬁéﬁmét§r of a suitable hose is

e

shown in Figure | |I. Connected to the fe ange 32 is a pressure relief

valve (not 1 o shown) fmmeeﬂawethmihﬁ -P8Cernal pressure of the tank
does not exceed a preset |level. Once the collar and pressure rel ease val ves

are attached, the ends Bightampgearere exibdityp¥0Cene outer liner are seal ed,

typically be sewing th et her nthis way, a flexitank is forned
having has a four one ?ﬁiﬁ?ﬁ%#%oéﬁat are placed one inside the other to

forma 4;ply inner lin t .né&ner 1 s liner 34 being seal ed inside
an out eéb woven pol yproy gl&ﬁ?ﬁlﬁ%@%&@A section through a wall of the

flexitank of Figure 10(a) is shown in Figure 10(c). The flexitank of Figure
10 has many good physical characteristics as shown in Figure 12. In '
particul ar, iHenskeothedflexitamktie dtrohgand welatisaky lighty ditys isi aglvantagegit., 20 the
woven pol ypropyl ene outer being only 220gsm and the total wei ght being
Whilst the flexitanks of Figure 1 to 9 have an inner liner 10 and an outer liner
25 , 18, the flexitank can be formed from a single liner having two layers, each of
which performs different functions. This liner is made from a blown film,

which is double co-extruded, i.e. formed by extruding two liquified components



only 790gsm This is advantageous. The tank is also strong, flexible and
has good el ongation characteristics. In addition, the flexitank has very

| ow oxygewoanhoygpour perneability and so does not all ow &dTaBgEOEA®UNt Of
water to perneate through its walls. This is advantageous when the tank is
to be used to 2s transport sensitive |ogls and in particular foodstuffs.
Furthernore, it is wholly re-cyclable, which has clear environnental
advantages. Using a nmulti-ply construction provides enhanced physical
strength propérthe¢ samentimenphoikis, the imerdinarshasneve layris.apne iof ywhich §a&ety
I n addition, the materlals used to make the flexi tank have stretch and

ener gy absor&zﬁéﬁl @mcowhe vRe Hoedttel BYX + ofe Flite kMetal i@élil)séw&lrﬁﬁme@ﬁder
the h hest dit It.shouyl d, b t t hat

et could PR and BB e oS ot awkicdr ek gire qoedviasy &3 shiffa
5-pl I f d
S e IR THY Sulkled BIBFUIARETo mooftind Seehidieps M tadishides
addi tional prepresd B dudér ﬁﬂ&wst@m% ptrbﬁbu ?Qiés@nb&i snbddifests O Wilbbe

pr oducts. As for the other 4 inner liners, fhe additional polyamde |~o

liner is forrapgreciated, hi this chsd, the amlwseams ithat areateededieseal The epdefofrthed
conmposi tion of the pol yam de Ilner is,37.mof PE 26m of polymde and 37. m

of PE, in thasﬂngif:(h@ﬁr tuber | @ eowsses the single liner ﬂsgltgﬁwcrlﬂd bermpde from 519res of
15cnB/ n2. 24 Thi t th h L eni st th
borryer i nondn B2, AYRRINER) s oSy LBoRHAL Ykl Sub"C e
di f | th
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are typically in the size range of 16,000 litres to 24,000 20 litres. The
inner liners of all of the flexitanks descri bed above are forned using a

sears.  Thi st: CinofhinexERS DE iRk et g St R g L il dqsre%f@génof
2
prone 10 25 IiSakyRg ALAR §TEHHIEYIAG AIPERYSS white b Qs Ller b ©

rusion process to

means that twiofén fserﬁ»rb@ueﬁ@ n BRAMPIAGE tHfis G smw% fmgeﬂ:@ 10(@)1a1b@ (bpnded
together to perform different Tunctions. The materials used are

ul tra-hiigh t efadh ef ther ffuerintiérylinerstaf thisytanktisyfoemed asingod yriplesco-ekiraded;r e

resistant to m)st organi ¢ acids and
blown tLlﬂn p?ocess l%ach co-extruded layer comprises:

p-

40% Metallocene

30% EVA (ethylene vinyl acetate)

30% linear low density PE Octen (linear low density polyethylene)
20 0.5% Lubricant,

where the percentages represent percentage by weight.

The materials of each inner liner are selected to provide optimised performance.
For example, polyethylene is selected because ft is strong, but relatively cheap
25 and fully disposable. Metallocene has good transparency, is flexible,
mechanically strong and provides a good seal, as well as being resistant to

puncture. This is advantageous in a flexitank. As regards, EVA, this is a soft,



al kalis at roomtenperature. In addition, they are insoluble in organic

sol vents bel ow 60C. Furthernore, they have a good resistance to inpact,
over a W g @/foegperature range, typically -25C to 80C. ArrcadBand®ge of the
flexitank in which the invention is enbodied is that it is cheap, to
produce. In addition, the manufacturinggprocess involves a mninmal anount
of handling conpared to current flexitank processing. In particular, by i o
using blown filmtechniques the interior of the flexitank is not exposed to
human cont acflegibl¢ plastic tisatib derived feore hlgwrdenisity polyethyleatang vinyleagedateThi s
is useful when the tank is to be used for stori fopd products. . . ,
Fur t her nor e, lihas geod low franperanye ke ﬁéﬁt@e@ﬁag‘f’%ﬁeﬁa&l&y&iﬁﬁ@t%ﬂWs'
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friendly. Hence t exi t ank fully disposable. This is advant ageous
because sit avoids the need for re-cleaning of the tank and the inevitable
heal th concerns associated with doing so. 20 A further advanta oféjhe
f1exitanks i dsumentionddtaboys sach jof\the fowninner distsdisctprmed; yang ﬁ@yn 8| ess

tible to | eaki th K t anl i.de.d d .
per 1 of mance. CEGPEEan A% DRMATES SBth BT B LrEiedh B HaGIT P B cropaticugpt .

| oner cost t ?ﬁ%}gﬁéﬁ%éé@ﬁ%i@]ﬁ%@%ﬁ%ah%ﬁ Bgﬁngg ;c/ﬁ%{nﬂtetﬁsfo%sa? bubBK. 2hPHfAs can

be nmade rel a conformand € standards set 2s by

the FDA, the :RBGA raRfkveREcabAPRESS tHpIVEAexiuddPse that thebubblehaethred@ey- show
good puncture resistance, inpact strength and goad fear strenlgth. n
acg
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can bo. made WPEher iR Bobl End il bhE SRR e Ay e
15 dains 1:ha§\ﬂollgﬁ"gf@ﬁ@inhp§39ni,hat conprises a one piece body portion that

is formed using a blown filmtechnique. 5 2. Aflexible tank as clained in
claim.15 wherein the one piece body portion is
In order to construct a flexitank, a first one-piece'tube is made using the triple
co-extrusion process. One end of the tube is sealed and one is left open. A
second tube is then made to be substantially the same width as the first tube, but .
slightly longer. One end of this is sealed as before and the second tube is then
20 stretched over the first tube. The same is then done for third and fourth fubes,
each of these being the same width as the first tube, but slightly longer than the
previous tube. It should be noted that because the first, second, third and fourth
tubes are substantially the same width, there is a tight fight between each of
these. '
25
Once the four inner tubes are inserted in each other, two holes are formed

through them. A male flange 30 is fitted so as to surround one hole and a



a seam ess tube. 3. Aflexible tank as clained in claim2, wherein the ends
of the tube are io closed by, for exanple, welding. 4. A flexible tank as
cl ai med iWweaRyosuge of clainms | to 3, wherein two one pi eceedIomy1/pEBE i ONS
are provided, one form ng an inner liner and the other form ng an outer
liner. is 5. Aflexible tank as cl ai nredign any one of the preceding clains,
wherein the one piece body portion is nmade of pol yethylene 6. A flexible
tank as clained in claimb5, wherein the one piece bodKNportion is 20 nade

of a pol yet hfemale flanged3? dsifiitednsp as o surtoyndghatother hales Qneepthese ark ims

| ai med i | ai , Wherein t tiqg.of th I N.t.0 bondi t 1S 75%
fo 259 25 SPIBEer MeaRSPEnd e TEesTinges pi¥ ekt BYSco0i0k s RSP ¢ he
resinis Eite. . y . :

(teore)) mad SBof IS Din, it OF che finlre, Sgltel Sall MR cathAfet Xdata =ne
claim6 or chaidBparatélyChailed.8, InViiRY example oTORiguRY 1808 teach lndtoisPoealser |
preferably ethylene butyl acryiate {EBA). s 10.” A flexible tank as clai ned
in any dne opragressivelyextarsy itsl endnand theecains fohthewecend,thirdendi feurthdingys

portion conprises two Qr noye terials, preferably.in | ayers, for_ exanple
Phree or fovjoinmpt only theeiseotithadiner, Birshlsaskirhpettians qt%?'le\nﬁ%we% HRETS. nner

floibre « areoe M i3t RAGP SRR T R BF BesseeRe 1R bl o KB Bokfien ok &
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12, wherein ayer o ody ron conprises a flexible erial. 14.

A flexible tahk fizst ahdi gsednd nlindrai are 1skalethesgithert had fdoenplthereby etol give, s
pol yethyl ene. 20 15. A flexible tank as clainmed in any one of clains 10 to
14, whet®i n aveealkra véry steonmand seeure seak obhis iis shownniat weredetatlain Figure

agopt e L0 S bt bRl Bt Sy s o R B
ethyl ene viny, 3C@t 8Cshould be noted that this liner has a translucent, waxy feeling
surface, with good moisture .vapour barrier characteristics and above average
chemical resistance.
15
Once the ends of the 4-ply inner liner 34 are sealed, it is placed inside a larger
outer liner 36, which is made of woven polypropelene. This outer liner is added
for strength and abrasion resistance. Woven polyproylene is made by weaving
polypropylene tape in two directions. It is strong, recyclable and relatively
20 inexpensive. The woven polypropelene is optionally coated with polyethylene.
' This coating adds strength and rigidity to the bag as well as making it dust tight
and resistant to most oils and chemicals. A further advantage of usihg
polyethylene is that it is compatible with the materials used for the 4-ply inner
liner.
25

To make the outer woven liner, a lafge, single sheet of woven polypropylene is

formed into a tube. Use of a single sheet of material limits the number of



17 17. A flexible tank as clained. in any one of the preceding clains,
wherein the body portion or at |east one of the body portions conprises a
barrier |axpfAsepted to act as a barrier to oxygen and/ orPQNaBer/0048pour. s
18. Aflexible tank as clainmed in claim17, wherein the barrier |ayer
conprises polyamde. 19. A flexible tankgfas clainmed in any one of clainms 10
to 18, wherein the materials of the body portion are co-extruded during the
blown filmprocess. to 20. Aflexible tank as clainmed in claim 10, wherein
the |ayers aseammenkedefl. &drfatypical flexitenkyaseshowmireFigira d 0(8)othessigerpf ghe a

Pl yet hyl encSIoEt &8 A bX 3 Gee i Rubess fomiicedat Pl fpngi s, igerted
precedi ng cl aj.s..co | Si n_out ' : f LDl | med
in claim 21,1 e}tei'gﬁﬁlé g@tegra‘%l n@gmlle&sinﬁérglelﬁof tl\ﬁébv‘é’(ﬁ%%gl %GF@BI)‘;P%S’EEL mSB.
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I's cOated on a vm?l

outer liner n 1 nner “surface h pol ypropyl ene. 24. A
f1exibl g tantheamatd fiange 30nornhe dhnert hiwerparat ¢t outec | linensas shewniin Figar@s
material of the body portion has a thickness in the range of 100 to 250pm
preferably 1203dThis ootlar.emvdticly is thsssame showp indgure 4, extgndpthropghthe od

sean €55 boaguiseness BHOTeh HREAGHILAE 18 PARRER IPrFeCriae AnSnd s SRR RS
one- pi ece seam. 0 : Lan.i t yhe 27 : j i

cl ai m 26, co?}iprﬁiru?é ?dﬁlg g%lgﬁlﬁgrtbh(e{ggjﬁasggf &?é%p lt%u%gébgﬁdfibg? @)%%rqr%)%'g%klgi ng.
to 28. A metipeghras) ! Wdtbrcicd @Mtheoftendlé fdriend2 26 atsredstire WwokieRvalveh@most ep

of

10 shown) for ensuring that the internal pressure of the tank does not exceed a pre-
set level. Once the collar and pressure release valves are attached, the ends of
the woven polypropylene outer liner are sealed, typically be sewing them
together. In this way, a flexitank is formed having has a four one piece liners
that are placed one inside the other to form a 4-ply inner liner, the 4-ply inner

15 liner 34 being sealed inside an outer woven polyproylene liner 36. A section

through a wall of the flexitank of Figure 10(a) is shown in Figure 10(c).

The flexitank of Figure 10 has many good physical characteristics as shown in
Figure 12. In particular, it should be noted that the tank is very light weight,
20 the woven polypropylene outer being only 220gsm and the total weight being
only 790gsm. This is advantageous. The tank is also strong, flexible and has
good elongation characteristics. In addition, the flexitank has very low oxygen
and vapour permeability and so does not allow a large amount of water to
permeate through its walls. This is advantageous when the tank is to be used to
25 transport sensitive loads and in particular foodstuffs. Furthermore, it is wholly
re-cyclable, which has clear environmental advantages. Using a multi-ply

construction provides enhanced physical strength properties and improves



bl owi ng the tube conprises co-extruding at |least two |ayers of material to
formthe body portion. 29. A nethod as clainmed in any one of clains 25 to
28, conpriyg figoksarming a is plurality of one piece body padi/sesoEne
fitting the body portions inside each other. 30. A nethod as clained in any
one of clainms 25 to 29, wherein the oneppi ece body portion is nade -of
material that conprises a blend of resin and 20 bondi ng agent. 31. A nethod
as clainmed in claim30, wherein the ratio of the resin to bonding agent is
75%to 25% eentainmentrdutahilisand safed Imadditiom 8@ weterials usealito mabedhe t he
resinis Elite (Metallasin), 5100 resi C6.LLDPE) , made, em cal s.

167 33 ° A odieatiak iaye SRkh A SHST BhADOF DTS HRECHS, POy eaRes B 1250 or
each one piece. ' | . nore materials, preferably in
| ayers, for g%éér{rpqﬁ{)e{u{éﬁéﬁedee?glrlg8%§§§§%§§m§&%§gt hod as clained in claim 33,
conprising formng an inner surface |ayer of the body portion using food
quality material. 35. A nethod as clainmed in claim 34, wherein the food
qual i ty smat eli ashould he matedlthat aneaddiiotalmbineodims couldnbel provaled omeéhef

claims 33 to 35, conprising formng a_|layer of the hody portjion using a
f1exi bl e nmat dlexipnk od Figurs Ik thesgby o Eorm addplyrineenliner3el higdefe inner dmer
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conpri ses et ykgie fyodprodied. ahe fortheddther ifbid dtheds; thé atldRidnahpélyunside of
claims 25 to 39, conprising formng the body portion with a barrier |ayer

adapt edit o adinensis afosmedi wsingoblowyy diingnds-extrusivar teehpispes.  Theopreferred

composition of the polyamide liner is 37um of PE; 26pum of polymide and
37um of PE, in that order. A liner of this nature has barrier characteristics of
15cm3/m2. 24h/1 atm. This is advantageous. Further characteristics of the
barrier liner are provided in Figure 12.
15

It will be appreciated that the dimensions of the flexitank can be varied. In the
example of Figure 2, the inner liner is 7470mm lon;g and 3950mm wide, as
measured when flat. Of course, tanks of different capacities could be made,
although flexitanks are typicaily in the size range of 16,000 litres to 24,000

20 litres.

The inner liners of all of the flexitanks described above are formed using a
blown film tube. This means that the tube has no panels, no welds and no
seams. This is advantageous because it means that the flexitank is less prone to
25 leaking and so the quality is improved. In addition, the use of blowing
techniques enables a co-extrusion process to be employed. This means that two

or more layers of material, e.g. polyethylene, can be bonded together to perform



41. A nethod as clainmed in claim40, wherein the barrier |ayer conprises
pol yam de. s 42. A nethod as clainmed in any one of clains 33 to 41,

conpri si ngoaA/exgr uding the plurality of materials of the RaIdpopeHss on
during the blown filmprocess. 43. A nethod as clainmed in any one of clains
25 to 42, conprising formng an outer ly;er and |ocating the body portion
in the outer liner. 44. A method as clained in claim43, wherein the outer

liner is made of woven polypropylene. ~ s 45 . A nmethod as clained in claim
44, wher ei n differentvianctionsplbpyhaerals uised ar¢ nEra-highctemsde, pueferablyrmasti-
surface with polypropyl ene.. 46. A hod as .cl ained in any one of, cl ai 25

to 45, conprPis kihylene rﬁ?‘PWémlﬁSﬁbyW o8 retistaph 0 Mogh ngrganis; agids sand

the range of _250. efer apy. - I antdially
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preferably wherein the food quality material is netal | ocerie. 25 48. A
flexibl @ tantengseratuec racge, typitallyn-25C toB@€Cein a | ayer of the tank conprises
a flexible material, preferably wherein the flexible material is 21

pol yethylene. 49. A flexible tank as clained in claim47 or claim48,

wh in the tank ' lal _that .is.adapted t | .
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use of polyethylene enables the tank to provide good performance and area

yield with a minimum of material consumption. This is good from an
15 ecological - perspective. In addition, by using polyethylene, the tank can be
recycled, making it more environmentally friendly. Hence the flexitank is fully
disposable. This is advantageous because it avoids the need for re-cleaning of

the tank and the inevitable health concerns associated with doing so.

20 A further advantage of the flexitanks in which the present invention is
embodied is that they are less susceptible to leaking than known tanks and so
provide improved performance. Tanks can be manufactured to exceed industry
standards at a lower cost than existing technology. All of the liners described
above can be made relatively cheaply to conform and comply with standards set

- 25 by the FDA, the BGA and the Japanese Canning Authority. Furthermore, they
show good puncture resistance, impact strength and good tear strength. In

addition, the flexitanks are wholly disposable, which has environmental
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2. A flexible tank as claimed in claim 1, wherein the one piece body portion is

a seamless tube.

3. A flexible tank as claimed in claim 2, wherein the ends of the tube are

10 closed by, for example, welding.

4. A flexible tank as claimed in any one of claims 1 to 3, wherein two one
piece body portions are provided, one forming an inner liner and the other
forming an outer liner.

15
5. A flexible tank as claimed in any one of the preceding claims, wherein the

one piece body portion is made of polyethylene

6. A flexible tank as claimed in claim 5, wherein the one piece body portion is

20 made of a polyethylene based resin and a bonding agent.

7. A flexible tank as claimed in claim 6, wherein the ratio of the resin to

bonding agent is 75% to 25%.

25 8. A flexible tank as claimed in claim 6 or claim 7, wherein the resin is Elite
(Metallasin) 5100 resin (C6 Linear low density polyethylene (LLDPE))

made by Dow Chemicals.
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11. A flexible tank as claimed in claim 10, wherein an inner surface layer of the

10 body portion comprises food quality material.

12. A flexible tank as claimed in claim 11, wherein the food quality material is

metallocene.

15 13. A flexible tank as claimed in any one of claims 10 to 12, wherein a layer of

the body portion comprises a flexible material.

14. A flexible tank as claimed in claim 13, wherein the flexible material is
polyethylene.
20
15. A flexible tank as claimed in any one of claims 10 to 14, wherein a layer of
the body portion comprises a material that is adapted to reduce flex

cracking.

25 16. A flexible tank as claimed in claim 15, wherein the material that is adpated

to reduce flex cracking comprises ethylene vinyl acetate.
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20.A flexible tank as claimed in claim 10, wherein the layers are made of
different polyethylene, one being, for example, a linear low density

polyethylene, the other being a low density polyethylene.

15 21. A flexible tank as claimed in any one of the preceding claims comprising an

outer liner.

22. A flexible tank as claimed in claim 21, wherein the outer liner is made of
woven polypropylene.
20
23. A flexible tank as claimed in claim 22, wherein the woven polypropylene

outer liner is coated on an inner surface with polypropylene.

24.A flexible tank as claimed in any of the preceding claims, wherein the
25 material of the body portion has a thickness in the range of 100 to 250um,
preferably 120-130pm, preferably substantia]iy 125pm.
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26.A method as claimed in claim 25, wherein the one-piece seamless body

5 portion is a tube.

27.A method as claimed in claim 26, comprising sealing the ends of the tube

by, for example, welding.

10 28. A method as claimed in any one of claims 25 to 27, wherein the step of
blowing the tube comprises co-extruding at least two layers of material to

form the body portion.

29.A method as claimed in any one of claims 25 to 28, comprising forming a
15 plurality of one piece body portions and fitting the body portions inside each

other.

30.A method as claimed in any one of claims 25 to 29, wherein the one piece
body portion is made of material that comprises a blend of resin and

20 bonding agent.

31.A method as claimed in claim 30, wherein the ratio of the resin to bonding
agent is 75% to 25%.

25 32.A method as claimed in claim 30 or claim 31, wherein the resin is Elite
(Metallasin) 5100 resin (C6 LLDPE) made by Dow Chemicals.
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10M@0% o0& () - 1B OFolY pottlon comprises two or more materials, preferably in layers,

for example three or four.

34. A method as claimed in claim 33, comprising forming an inner surface layer

of the body portion using food quality material.

35.A method as claimed in claim 34, wherein the food quality material is

10 metallocene.

36.A method as claimed in any one of claims 33 to 35, comprising forming a

layer of the body portion using a flexible material.

15 37.A method as claimed in claim 36, wherein the flexible material is

polyethylene.

38. A method as claimed in any one of claims 33 to 37, comprising forming a
layer of the body portion using a material that is adapted to reduce flex

20 cracking.

39. A method as claimed in claim 38, wherein the material that is adpated to

reduce flex cracking comprises ethylene vinyl acetate.

25 40. A method as claimed in any one of claims 25 to 39, comprising forming the
body portion with a barrier layer adapted to act as a barrier to oxygen and/or

water vapour.
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polyamide.

5 42.A method as claimed in any one of claims 33 to 41, comprising co-
extruding the plurality of materials of the body portion during the blown

film process.

43, A method as claimed in any one of claims 25 to 42, comprising forming an

10 outer liner and locating the body portion in the outer liner.

44. A method as claimed in claim 43, wherein the outer liner is made of woven

polypropylene.

15 45. A method as claimed in claim 44, wherein the woven polypropylene outer

liner is coated on an inner surface with polypropylene.

46. A method as claimed in any one of claims 25 to 45, comprising foming the
body portion so that it has a.thickness in the range of 100 to 250um,
20 preferably 120-130um, preferably substantially 125pm.

47.A flexible tank that is formed using co-extruded material, wherein an inner
surface layer of the tank comprises food quality material, preferably
wherein the food quality material is metallocene.

25 | |
48.A flexible taﬁk as claimed in claim 47, wherein a layer of the tank

comprises a flexible material, ISreferably wherein the flexible material is
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comprises a material that is adapted to reduce flex cracking, preferably

5 wherein the material that is adpated to reduce flex cracking comprises

ethylene vinyl acetate.

50.A flexible tank as claimed in any one of claims 47 to 49, comprising a
barrier layer adapted to act as a barrier to oxygen and/or water vapour,

10 preferably wherein the barrier layer comprises polyamide.

51.A method of forming a flexitank substantially as described hereinbefore

with reference to the accompanying drawings.

15 52.A flexitank substantially as described hereinbefore with reference to the

accompanying drawings and as shown in Figures 6, 8 and 10.



