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MANUFACTURE OF MEMBRANES FOR DESALI NATI ON AND

FI LTRATI ON FI ELD OF THE | NVENTI ON THI S | NVENTI ON
woebmi1es5550 t he manufacture of menbranes for  PCT/ZA2006/000034

desalination and filtrati on. BACKGROUND TO THE

I NVENTION I n many parts of the world, desalinated sea

wat er and desalinated brack water are the only sources

of potable water. Another source of water which, at
MARUFRETORE OF MEMISRANEY #eie HESACNAABN'A ERHEATION

owng 1r a
wor ks. These two sources are usually, at nost, treated
to bring the water to what is called "river quality"
n [ r_is then allowed to flowinto a river
EﬂiL@#SEhghigﬁgéﬁﬂggbbvaiIable for re-use. There are

vari ous nethods of desalination in use and a conmon

one usddISIMVENT M beletassiodhe ahanufacturalof ovesmbanes foo

pass through but retains any renaining solids and the

desalinatzol aredifilbratiods. Desal i nation is usually preceded by

a filtration step to renove the bul k of the solids.

Such desalinators use what are called "nmenbranes”.

Each nmenbrane conprises a perforated core tube and a

BACREWAUNDYTE THE SNRMHHBN | eaves which are

In many parts of the world, desalinated sea water and desalinated

brack water are the only sources of potable water.

Another source of water which, at the moment, is largely untapped is
contaminated water flowing from factories and flowing to sewage treatment works.
These two sources are usually, at most, treated to bring the water to what is called
“river quality” and this water is then allowed to flow into a river and is hence not

available for re-use.

There are various methods of desalination in use and a common one
uses semi-permeable material which allows water to pass through but retains any
remaining solids and the dissolved solids. Desalination is usually preceded by a

filtration step to remove the bulk of the solids.

Such desalinators use what are called “membranes”. Each membrane
comprises a perforated core tube and a plurality of rectangular leaves which are

fixed to, and then wound around, the core tube. Each leaf is closed along three
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fixed to, and then wound around, the core tube. Each
| eaf is closed along threeedges and open al ong the

wo owetibsssit is along the fourth edge that the PEREZARZ®6/000034
secured to the core tube. A spacer is provided within
each leaf to prevent it collapsing. Spacers are also
provi ded between | eaves. Wat-er to be treated flows in
the di ssolved solids retention passages between the

edges| afesen pngethb doutihr ugbidrigetheefbarth aldgefthahige leaviesecured
into the perneate passages wthin the I'eaves and fl ows

to the oRsMubze AQ%EJHE@F i§ PPavidad hﬁrpeég?léarﬁ% g?e\féfnt'itrb%llﬁHgﬁg.

Brine flows al ong the nenbrane fromone end to
e S
Space‘?% E?é algogﬂ@\/ﬂng%oéﬁwﬁén ?eé?%% g}t\)l'agé;rttg %o > %ﬁéd 6%2\% ﬁﬁfwé
ention.,are to rOVI an | ed menbrane hoth faor
dissonyBt SPidsRiShon RpRa0cs Debfiaen B BRUCs oIS dthUgh die
of manufacturing such a nmenbrane. BRI EF DESCRI PTI ON CF
materighef theueRreDltate paimeatePassades pibin e leaeepand daws from
invention there is provided a spiral wound nenbrane
the penmieate passagesds tha irdidmghithe twbe. diriree flaws alanlg theirsémbrane
all ows water to pass through but inhibits the passage
from ovle el taitheadttén remianfing irethes@testionapabsalges hah@ exie tHrough a
folded to zig-zag formto produce a stack of |ayers
brine b®igied to one another by reverse bends, a perforated
tube, the ends of the web form ng the stack being
secured to the tube, said stack being wound around the
tube, there

The objects of the present invention are to provide an improved
membrane both for desalination and for filtration and an improved method of

manufacturing such a membrane.

BRIEF DESCRIPTION OF THE INVENTION

According to one aspect of the present invention there is provided a
spiral wound membrane which comprises an elongate web of a material which
allows water to pass through but inhibits the passage of solids and/or dissolved
solids and which has been folded to zig-zag form to produce a stack of layers joined
to one another by reverse bends, a perforated tube, the ends of the web forming the
stack being secured to the tube, said stack being wound around the tube, there
being spacers between the layers, the spacers holding the layers apart to form water
flow passages, alternate water flow passages having the ends thereof transverse to
said bends sealed closed, said alternate passages being closed by reverse bends at

the radially outer ends thereof and being in communication with the perforations of
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bei ng spacers between the | ayers, the spacers hol ding
the layers apart to formwater flow passages,
w@bdoenossse wat er fl ow passages havi ng the endsPC€TEABE6/000034

transverse to said bends seal ed closed, said alternate
passages being closed by reverse bends at the radially
outer ends thereof and bei#3g in conmmunication with the
perforations ofthe tube at the radially inner ends

the tuhehat thefradiElly ismpenreridsiberebfnenbr ane can further include
strengt heni ng tapes which extend across the web
coincident with said bends, each tape extending on
bot h sides of the respective bend. According to

anot h‘v*l"hé‘%?éﬂ/\hdifndt Entbh B&n ?Wt?éﬁlh@lﬂ?%%?eg\]gjtﬁening tapes

provi ded a cturln

e Bt B A B B N oA on

stack of layers with reverse bends in the web
both S%@F‘\kgi}ﬁef ive PgBAweh being of a material which
al |l ows water to pass through but inhibits the passage
of solids and/or dissolved solids, inserting a spacer
into the gap between each top |ayer of the forned
st ack Amedrdihg to apethentaisplct of theipngsepitameshtion there Bairdvided
spacers being inserted alternately from opposite sides

a mettefd dheaptrekurirdf 4 acdtho@ of hﬁarﬂf@&uﬁﬁg% Hirdl %uh@ﬁné%rane

bottom | ayers of the stack to a perforated tube, and

B8 A e Bl TR 3 gk o

layers with reverse bends in the web between layers, the web being of a material
which allows water to pass through but inhibits the passage of solids and/or
dissolved solids, inserting a spacer into the gap between each top layer of the
formed stack and the layer which is being placed on it, said spacers being inserted
alternately from opposite sides of the stack, attaching the free ends of the top and
bottom layers of the stack to a perforated tube, and winding the stack about the

tube.

The method can inciude the further step of applying adhesive along
the edges of the web so that alternate gaps are closed along those edges of the

stack which are transverse to the bends.

To strength the web, tapes can be adhered to it, the tapes extending in
the direction of the width of the web and being spaced apart at intervals which are

such that, when reverse bends are created in the web during folding and stacking, it
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the edges of the web so that alternate gaps are cl osed
al ong those edges of the stack which are transverse to
w0 bwohessds. To strength the web, tapes can be BCEABWM6/000034
toit, the tapes extending in the direction of the
wi dth of the web and being spaced apart at intervals
whi ch are such that, when 4everse bends are created in
the web during folding and stacking, itis the parts of
is the %’a"@s vethd Webhod GhidHheet t@ﬁ@§ 2P adpeRey ©dt hawd shrMseriiy fdrmed
ends fornmed in them The nethod can further conprise
in therh€Cl procating a head back and forth in the direction
of the length of the web and feeding out the web from
the head to | ay down successive layers. To facilitate
| ayi ng down of the layers, the nmethod can include the
step qf advancin ars from ppposjte edges, of the web
Lo overepetied c?%{b»mhmomprr%e FeSPregRll -%Beaéhagk@w@ forth
) top nost |ayer, displacing the head in the reverse
in the direetian efthedepgithi ofttE@ wabkhanrd) feating eHkthearveb filent thenagad to lay
been advanced. Said bars are preferably in the form of
down sutcEsalviedayenis| efcsfacBititEHapagdRWRTOIGNe CryersiEhBRABNYESan
Figure 1 is a pictorial view of a reverse osnosis

includ¥@h& stefesRadvamting barifforh Bphugitd 8dges wf thrWEB @b overlay that

casing, Figure 2 1s a |longitudinal, dianmetrical

layer \lg@% i Ofbrithe ?iH%‘béihg tHE itélpt) gﬁ:)sfleg)érr,ediép%?ﬂgftﬁg‘ﬂe%@ iA HE

the conponents Separ I ease ustration;
reverse direction to pull the web against the bars which have been advanced. Said

bars are preferably in the form of rotatable rollers.

BRIEF DESCRIPTION OF THE DRAWIN‘GS

Figure 1is a pictorial'view of a reverse osmosis water desalination unit
including a cylindrical casing;

Figure 2 is a longitudinal, diametrical section through the unit of Figure 1 and
showing some of the components separated for ease of illustration;

Figure 3 is an “exploded” pictorial view, to a larger scale and also in section,
of the unit of Figure 1;

Figure 4 is a pictorial “exploded” view of the components which form an end
closure;

Figure 5 is a section illustrating an assembled end closure;

Figure 6 illustrates the construction of the membrane of the reverse osmosis
desalination unit of Figure 1;

Figure 7 diagrammatically illustrates a method of manufacturing a spiral
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Figure 3 is an "expl oded" pictorial view, to a |arger
scale and also in section, of the unit of Figure 1;
Wo@anessas i s a pictorial "exploded" view of theCT/ZA2006/000034
components which forman end closure; Figure 5is a
section illustrating an assenbled end closure; Figure
6 illustrates the constructS-on of the nenbrane of the
reverse osnosi s desalination unit of Figure 1; Figure
wound7mginseyanenaitd cal |y illustrates a nethod of
manuf acturing a spiral wound nenbrane; and Figure 8

fRigairees furtHersiiushiogss tHeemBROEHAGEWTS Sird weRindaheWbiase.
membr ane. DETAI LED DESCRI PTI ON OF THE DRAW NGS

Referring firstly to Figure 1, the reverse osnosis
desalination unit 10 illustrated conprises a

; - ' osures 14 only one of
DETAMED g(‘fﬁpﬁ@ﬁ\iﬁgi A é /thin the casi ng 12

see ures n t her are t hree end-to-end

gpl r aI Hsﬁ)égégbé"%ﬁnﬁﬁ EVRESR PHRBSIS desalinatign gnit 10
) and 16.3. The construction of the nenbranes will be .
ilustraged; epmpEges A avipdrieal casinghld and ght@losures 1dunlypaneof aich

of the description of Figures 2 and 3 it is noted that
can beesesn inehiguené. VEitin thé @agingmP (seeFigorgsr2 aad 3 tisereaare three

tube 18 with | eaves 20 of sem -perneable nmateri al
end-toventhspisaliyunsuidfierse osmosis membranes 16.1, 16.2 and 16.3. The
construction of the membranes will be described in more detail hereinafter. For the
purposes of the description of Figures 2 and 3 it is noted that each membrane 16.1,
16.2 and 16.3 comprises a core tube 18 with leaves 20 of semi-permeable material

wound around them.

Upstream of each membrane 16 there is a flow distributor plate 22.
The plates 22 are described more fully in specification WO 97/21630. Two short
tubes 24 connect the three core tubes 18 end-to-end so that water that has
permeated through the semi-permeable material of the leaves 20 can flow to the
outlet end of the core tube of the membrane 16.1. A plug 26 closes that end of the
core tube 18 of the membrane 16.3 which is remote from the tube 24 that connects

the core tube of the membrane 16.3 to the core tube of the membrane 16.2.

The casing 12 is produced on an elongate mandrel (not shown) which
tapers from one end to the other, the taper being for the purpose of facilitating

release of the casing 12 from the mandrel. To further facilitate release of the casing,
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Upstream of each nmenbrane 16 there is a flow
distributor plate 22. The plates 22 are descri bed nore
WO 200bAt03sss speci fication WO 97/21630. Two shor t P€T/BA3002/400034

connect the three core tubes 18 end-to-end so that
wat er that has perneated through the sem -perneabl e
material of the | eaves 20 gan flow to the outlet end
of the core tube of the nmenbrane 16.1 . A plug 26

the mandrersan ba'of efsel dfhidBas Be€n cHRsMAS t@ brddigcre BRvoafte surface.
16.3 which is renote fromthe tube 24 that connects
the core tube of the nenbrane 16.3 to the core tube of
the nenbrane 16.2. The casing 12 is produced on an

o1l R € BpaPOrle o Wt CobBBRRs il b s

facilitating rel ease of the casing 12 fromthe .
are mixgitarTe o3 MR RGRIRHRS FUST e darsse SBRVEHebainted or
casi ng,the mandrel can be of steel which has been

othervwise anpplied to theoulitasepfdhe randrel osfoem arleyetnlihadesineoace set,
casing 12, the two conponents of a settable resin are

must mveesbmé@ hesiliersdensorthet itfreamnstsgtchén thectiradimn oftthe dandik of the
sprayed, painted or otherw se applied to the surface

casingPand husteRd iedve Mehirinsa thay eifter Shetchffy, it reRIMAE 16 &S original
must have sone resilience so that it can stretch in

Iengtht. he direction of the |l ength of the casing and nust
al so have nenory so that, after stretching, it returns
toits original length. Rovings of glass fibre are
unwound from one or nore reels, passed through a resin

bath, and then LIt QUON SCrapersy Ot SRYE SXCS81 passed
through a resin bath, and then through scrapers to remove excess resin. The bath
and scrapers constitute a winding head (not shown). The free ends of the rovings
are pressed against the tacky resin layer on the mandrel so that they stick. The
mandrel is then rotated to pull the rovings from the reels and simultaneously the
winding head reciprocates back and forth along the mandrel so that the rovings are

applied the full length of the mandrel.

Once part of the thickness of the casing has been wound, using the
resin coated rovings, electrical coils (not shown) are wound onto the part formed
casing. Winding using the resin covered rovings then continues. The electrical coils
are thus embedded in the walling of the casing. The function of these are is

described in specification WO 98/30501.

Once the casing has the requisite wall thickness, it is covered



and scrapers constitute a w nding head (not shown).
The free ends of the rovings are pressed agai nst the
w0 20kx0356si n | ayer on the mandrel so that theyPGL/Esk006/000034
The mandrel is then rotated to pull the rovings from
the reels and simultaneously the w ndi ng head
reci procates back and fortly-al ong the mandrel so that
the rovings are applied the full length of the

externanyldémb a §8csv Aot ohint the rehlickd eaFasd fihikd. casi ng has
been wound, using the resin coated rovings, electrical

coils (not shown) are wound onto the part forned
casi ng. Wndi ng using the resin covered rovings then

conti The .el. ri coils are thus enbedded in
t he %far%e g}at%ﬁ%gg s ﬁgcas'ﬂgeaieunctl on of these are
i.s descriped in specification WO 98/30501 . Once the
ﬂﬁ H@erﬁgglayﬁ@am@g?dﬁép{w%ﬁ AHREhi ckness, it is
coveredexternal ly using a gel coat, to obtain the
Reiings DR 2400taxe finish. Suitable materials for the
casing are:- The internal layer (liner) URCO 6414 A+B
Resin P47 824 aftemer BERIST8SPA4578 Har dener SP4578-1 Two
rings 28, each with a nunber of circunferentially

extendi ng external flanges 30 (see Figures 4 and 5),
are slid one onto each end of the nmandrel before

di
\rN: ﬂgl ?%N‘?kl % ?ﬁégga}hﬁtﬁlé h&fbet BY Efrc ittt aNRally e iRy

external flanges 30 (see Figures 4 and 5), are slid one onto each end of the mandrel
before winding starts. The resilient layer extends from one ring to the other. The
rings 28 are embedded in the ends of the casing 12 as winding proceeds. Because
of the flanges 30, the rings 28 are interlocked with the glass fibre reinforced material
of the casing and are immovable with respect to it. In Figures 3 and 4 the rings 28
are shown separated from the casing 12. The “imprint” of each ring 28 is shown

withing the casing 12.

Each ring 28 also has an internal circumferentially extending groove

32. (See particularly Figure 4).

A multi-part ring 34 (also best shown in Figure 4) is fitted into each ring
28. Each‘ring 34 comprises three or four arcuate parts and the rings 34 are
assembled within the rings 28. Each part of each ring 34 has an external rib
extending from end-to-end. The part ribs co-operate when the ring 34 is assembled

to form a circumferentially extending rib 36 which interlocks with the groove 32 of the
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rings 28 are enbedded in the ends of the casing 12 as
wi ndi ng proceeds. Because of the flanges 30, the rings
wQoanesssht erl ocked with the glass fibre rei nf BCTEA2006/000034
mat erial of the casing and are i movable with respect
toit. In Figures 3 and 4 the rings 28 are shown
separated fromthe casing 1. The "inprint" of each
ring 28 is shown withing the casing 12. Each ring 28
ring 28! so has an internal circunferentially extending
groove 32. (See particularly Figure 4). A nmulti-part
ring 34 (also best shown in Figure 4) is fitted into
each ring 28. Each ring 34 conprises three or four

ar cuat : e L 4. a L1 R :

t he ri'ﬁ&@%ﬁ'@%%h%alp % id%gé kY Crﬁﬁé sﬁ.gﬁ‘@%'%gggﬁ“ag%opes axially

xternal rib_extendipng from.end-to-end. The part ribs
extendipd A9 imug i 8hiRals H5UBd S CEUTERIANGE 1o 1 or m a

circunferentially extending rib 36 which interl ocks

with the groove 32 of thering 28. A further ring 38

fits inside each ring 34. The ring 38 has bores

axi al | pometshapiadgertDcaps 42dh 42t2 ate setured bystudodhdo the

its circunference. Done-shaped end caps 42.1 , 42.2

rings 38,&hs etudseal bmS§it1ﬁdﬁro‘h@htthetHaﬁe§ K0emdIseing Berevadipiatthpped
passi ng through the bores 40 and being screwed into

blind %‘Z‘%?Q%@‘lé@gi gééérfosgﬁéf fhel SHY 8§p§14%.r1g4§)2. athel dif 8&541 42.1 has

e end cap 42. as two pipes

two piﬁgg 4%0%1'91?%? ?gglsibgrtf?%hi it afid ?hé Bﬁ\e?telﬂarca%n&.ﬁmsgsi%gle pipe

as a

52 passing through it.

The order of assembly of the components of the end closure shown in
Figures 4 and 5 is as follows. The end cap 42.2 is inserted into the end of the
casing 12 and passes through the embedded ring 28. The ring 34 is then
assembled inside the embedded ring 28 so that the rib 36 interlocks with the groove
32 and traps the end cap 42.2. The ring 38 is then inserted into the assembled ring
34 and the studs 44 passed through the ring 38 and screwed into the blind tapped
bores 46 of the end cap 42.2. The ring 38 expands the ring 34 and forces the rib 36

into the groove 32.

Water to be desalinated enters via the pipe 48 and flows into the space
upstream of the left hand plate 22 as viewed in Figure 2. The water which emerges
from the salt retention passages of the membrane 16.1 flows through the centre one

of the plates 22 and into the membrane 16.2, and thereafter to the membrane 16.3.
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52 passing through it. The order of assenbly of the
conponents of the end closure shown in Figures 4 and 5
WO 2008809563 | ows. The end cap 42.2 is inserted | PEDZAZIO6/000034
end of the casing 12 and passes through the enbedded
ring 28. The ring 34 is then assenbl ed inside the
enbedded ring 28 so that the rib 36 interlocks with
the groove 32 and traps the end cap 42.2. The ring 38
Brine energée throngle thee giperi2ant peassatdnl wdtarienprgés dmdughdhe pipe
studs 44 passed through the ring 38 and screwed into
50. the blind tapped bores 46 of the end cap 42.2. The
ring 38 expands the ring 34 and forces the rib 36 into
the groove 32. Water to be desalinated enters via the
pi pe 48 and flows into the space upstream of the |eft

hand -Pﬂ‘lg%l,ﬁ?ez?§ ﬂsésﬁ’é\ﬁﬂ‘%'% tlgrrgtek' ggél%é{é SFA%J}g é/\@lhfcﬁ? M Giftistrates

energes rrom r 1 on

ne a flows thro e nte ne of t

two lealipe 30 S Ge Biginbians. 1O RbHis GGities ot PaliratRoscdryignated
to the nmenbrane 16. 3. Bri ne energes through t he pipe 52

54, in thgthheei Brase slowat & willias yedersinosiignt theepgifgratisns S#iase in
tube 18 is shown to a larger scale in Figure 6 which

rows alahgdhé tuhesi8.ates two | eaves 20 of the menbrane. Two of
the nmultitude of perforations, designated 5 54, in the
tube 18 are shown. It will be understood that the
perforations 54 are in rows along the tube 18.

The leaves 20 are of semi-permeable material which allows water to
pass through but inhibits the transmission of dissolved solids. A spacer in the solids
retention passage 56 is designated 58 and spacers in the permeate passages 60

are designated 62.

The membrane shown in Figure 6 is fabricated as illustrated in Figure
7. A web 64 of semi-permeable material is fed off a reel 66 and moved back and
forth (left to right as shown in Figure 7) by a reciprocating head (not shown) so that
the web is stacked in a zig-zag configuration thereby to form a plurality of layers
designated 68, 68.1, 68.2, 68.3 etc in Figure 7. Tapes 70 are applied to the web 64

before it is stacked.

Before each layer 68 falls onto the stack the appropriate spacer 58 or
62 is inserted. The spacers 58 inserted from one side are spacers for the solids
retention passages 56 and the spacers 62 which are fed in from the other side are

spacers for the permeate passages 60 which have purified water in them. Each
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The | eaves 20 are of sem -perneable material which
allows water to pass through but inhibits the
W@ e@ese8585i on of di ssol ved solids. A spacer i nP€TIEA2006/000034
solids retention passage 56 is designated 58 and
spacers in the perneate passages 60 0 are designated
62. The nmenbrane shown in-f)gure 6 is fabricated as
illustrated in Figure 7. A web 64 of sem -perneable
layer 88aigoinet to thd adjackht layeees b§a mverseouethdidik bund. fHd Bends
(left to right as shown in Figure 7) by a
are deERPREPEAL7NY head (not shown) so that the web is
stacked in a zig-zag configuration thereby to forma
plurality of layers 5 designated 68, 68.1 , 68.2, 68.3
etc in Figure 7. Tapes 70 are applied to the web 64
befor S, stacked. Befo ach a e 68 falls, ont
the's B e iR Crhiaciios, L FaisverSY Srhoineina iepRaq 0 are
spacers 58 inserted fromone side are spacers for
Securem@ thg|wels 64 ctldgttpBas FRexirnd agss e web I@ﬂge ghirgction of its
which are fed in fromthe other side are 0 spacers for
width, thad ipar theadieeqtian i dles ISgtnf te tbee! Huihé itapksdd are bast
them Eachlayer 68 is joined to the adjacent |ayer 68

seen ib¥igure &vand areapplieal by ahieadenkich Thevdieindhedirection of the
designated 72, 74. At predeterm ned spacings, the

|engthtd1=sm§wesegstrengt heni ng tapes 70 are secured to the
web 64. The tapes 70 extend across the web in the
direction of its width, that is in the direction of
the length of the tube 18. The tapes 70 are best

Adhesive lines are applied to both edge zones of the web 64 on those
faces of the layers which bound the passages 60. Thus each passage 60 is closed
along one edge by one of the left hand bends (designated 74) where the web 64
turns back on itself at the edge of the stack and along two other edges by the
adhesive lines. Each passage 60 is open along its remaining edge, that is, along the

edge which faces the tube 18.

The passages 56 which receive the water to be treated are open on
three sides and closed along one side by alternate reverse bends (designated 72) in

the web 64.

The inside edge of the stacked web 64 is opened out and the leading
and trailing ends of the web are adhered to the tube 18 along two adjacent lines. A
high percentage of the perforations in the tube 18 are thus in communication with

the passages 60 of the stack. The stack at this time encircles the tube 18 and the
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seen in Figure 6 and are applied by a head which noves
in the direction of the |length of the tube 18.

wWQ@\divesd3sss | i nes are applied to both edge zonespOf/Zabi®6/000034
web 64 on those faces of the |layers which bound the
passages 60. Thus each passage 60 is closed al ong one
edge by one of the |eft hamgl bends (designated 74)
where the web 64 turns back on itself at the edge of

leaved P& pRtafle RihIR Ut@atdip. ot her edges by the adhesive

. lines. Each passage 60 is open along its renmaining
edge, that is, along the edge which faces the tube 18.
The passages 56 which receive the water to be treated

are open op three sid n l.0s I One._Sj
2l ¢ er A e BraDepuiElefid shgRare a2 o Y iraE i stacked
The insjde edge of the stacked web 64,i s _opened out

web isjguiRd ébPBfa@ie%bjbﬁr?@ 35 ahown &yghaéf@w A8 fou the membrane
adhered to the tube 18 along two adjacent |ines. A

whichlig Htenpeliddeta thgecasing he. perforations in the tube 18 are
thus in communication with the passages 60 of the
stack. The stack at this tinme encircles the tube 18
and thel eaves 20 protrude radially outwardly. Once the

| eadi ngs @ilfcibaay ber@efN e s¥éhdgtRenihgdapes 7Diase where tie
stacked web is wound about the tube 18 as shown by the

revers{%Lﬁeé?WsAY éﬁ g{gféﬂfﬂoﬁ”ﬂ%d MR &/ep Mhe prsvdrit Bhirstingtofithé Qvound

casi

membrane at the bends when water under pressure is fed into the casing 12.

To facilitate folding two sets of rollers 76.11 etc. and 76.21 etc. and

two sets of rollers 78.11 etc. and 78.21 etc. are provided (see Figures 7 and 8).

The rollers 76.11 etc. and 76.21 etc. are on opposite sides of the web
64 to one another as shown in Figure 8. The rollers 76.11 etc. are vertically spaced
from one another as are the rollers 76.21 etc. Each roller in the set 76.11 etc. is

horizontally aligned with a roller in the set 76.21 etc.

Likewise the rollers 78.11 etc. and 78.21 etc. are on opposite sides of

the web 64.

The rollers of the roller sets 78.11 etc. and 78.21 etc. are also vertically

spaced from one another.
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As wll clearly be seen, the strengthening tapes 70

are where the reverse bends 72, 74 are fornmed in the
woelodssshd prevent bursting of the wound nenbPEFEAZ06/000034

t he bends when water under pressure is fed into the

casing 12. To facilitate folding two sets of rollers

76.1 1 etc. and 76.21 etc12and two sets of rollers

78.1 1 etc. and 78.21 etc. are provided (see Figures 7

and 8)Vhehhdewed lireekevafiod (Higate8) aach mille? bf ebch sef £8.dn etc.

opposite sides of the web 64 to one another as shown

and 78121 é:tbglﬁraﬁt BevdiNfidvidy B&teéh tﬁejadﬁédént PoIRrY OF fHC Stk 76,11
spaced from one another as are e rollers 76.21 etc.

goller in the set 76.1 1 etc. is horizontally
ete., 76§?Fg%ed with a roller in the set 76.21 etc. Likew se
the rollers 78.1 1 etc. and 78.21 etc. are on opposite
sides of the web 64. The rollers of the roller sets
78.1 1 etc. and 78.21 etc. are al so verticaluégs paced

f r om GRES HdINEMARE YT BRekIOf ineere i indHagsithe feveymost

each roller of each set 78.1 1 etc. and 78.21 etc. is
rollers .14 angvéd. 1 diadevdisplreateiswardiy tagvadye the edge pogions afilee web
sets 76.1 1 etc., 76.21 etc. Once the | owernost |ayer

64. Thé$hehdofhithenowds today dopinathe laydre G8ohwetontisén malveets the right
76.1 1 and 76.12 are displaced inwardly to overly the

(as wev@&ﬁlih P@Wé INSTRE Wélﬁem@@trﬁ:% pulledl dreasd \he 88vaRRERSrllers

down the layers 68.1 etc. then noves to the right
76.11, 72.21.

Once the head has reached the end of its travel to the right in Figure 7,
but before it reverses direction, the lowermost rollers 78.11 and 78.21 are advanced.

Upon the head reversing, the web 64 is pulled against the rollers 78.11 and 78.21.

It will be understood that each time the head reaches the end of its
travel in either direction, the next rollers of the sets 76.11 etc. and 76.21 etc., or the

next rollers of the sets 78.11 etc. and 78.21 etc., are advanced.
This ensures accurate laying down of the layers.

It will be understood that the adhesive lines closing the edge zones of
the web 64 can be applied inwardly of the rollers of the roller sets, as shown by lines
80 in Figure 8. Adhesive applying heads (not shown) can be provided between the

reel 66 and the roller 82. Alternatively, the lines can be applied closer to the edges



(as viewed in Figure 7). The web 64 is thus pulled
around the advanced rollers 76.1 1, 72.21 . Once the
whewd/ 106885 r eached the end of its travel to thePCT/gA2006/000034
Figure 7 , but before it reverses direction, the
| owernost rollers 78.1 1 and 78.21 are advanced. Upon
the head reversing, the weB-64 is pulled against the
rollers 78.1 1 and 78.21 . It will be understood that
ofthemﬁ‘é}f s HdBIRe ohrdollieRsdte aré Rethargvel its travel in

er direction, the next rollers of the sets 76.1 1
etc and 76.21 etc., or the next rollers of the sets
78.1 1 etc. and 78 21 etc are advanced. This ensures

Cndor BBsLtREDIE s swr%éef?‘%’%éé'sc#c’%sﬁ%% HEe bt

zones of the web 64 can be g i ed

preferaply haspf sirchine Cress saction %galﬁg’f WhIGH dq el "56%’ fhe
Fi gure 8. Adhesive applying heads (not shomn) can be

head. provi ded between the reel 66 and the roller 82.
Alternatively, the lines can be applied closer to the
edgesof the web as the rollers of the roller sets are
wi thdrawn. Whilst rotatable rollers are preferred, it
is possible to use bars, preferably bars of circular
Cross section, against mhlch the web is pulled by the
head. CLAIMS: 1. A spiral wound menbrane which
conprises an elongate web of a material which allows
water to pass through but inhibits the passage of
sol i ds and/ or
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di ssol ved solids and which has been folded to zig-zag

formto produce a stack of |layers joined to one
w@ewbhessshy reverse bends, a perforated tube, PCEHZ&2NH6/000034

of the web form ng the stack being secured to the

tube, said stack being wound around the tube, there

bei ng spacers between the-l4yers, the spacers hol di ng

the | ayers apart to formwater flow passages,

CLAIM®t ernate water flow passages having the ends thereof
transverse to said bends sealed closed, said alternate
passages being closed by reverse bends at the radially
outer ends thereof and being in comrunication with the

f i f . ial Ly inner, ends
T Phey cufShBAind B Sl Eoregk ob BRghef b ora
materiG] ot B et BSbarn e %afh&%‘%%g%a%%a‘géﬁ-ﬁ%ogds and/or
t endi both sides o
clissohief S0l AL WpichdEscbe st oldos e 290 TREme drodudang siack of
spi ral wound nenbrane which conprises zig-zag folding

layers igineq &p gae @npdherthyereybise: bemts) duperfarbtal mbacthedénds of the
| ayers with reverse bends in the web between |ayers,

web farimingvte stack geify seourédto te fobeChaidl Stanshainb Slotrl #RRA the
t hrough but inhibits the passage of solids and/or

tube, tHersbéng dpaeeisiSetwieBRahs IA@Erd BB %Ee}sr‘ﬁ&ﬂ@@ftgggé’yers apart to

bet ween each top |ayer of ‘the sta and t |
form et S RagF ol BB Mo o BaP e d R4 ing i ngs thayeor
vansyBSLAELATablEs (LGRS Lol S SR DOLL AT 2AEL2,
reverss 1i)aecnés %??#et regdhia(?llyt (l)JL?[gi’ ends thereof and being in communication with the

perforations of the tube at the radially inner ends thereof.

2. A spiral wound membrane as claimed in claim 1 and further including
strengthening tapes which extend across the web coincident with said reverse

bends, each tape extending on both sides of the respective bend.

3. A method of manufacturing a spiral wound membrane which comprises
zig-zag folding an elongate web thereby to produce of a stack of layers with reverse
bends in the web between layers, the web being of a material which allows water to
pass through but inhibits the passage of solids and/or dissolved solids, inserting a
spacer into the gap between each top layer of the stack and the layer which is being
placed on it, said spacers being inserted alternately from opposite sides of the stack,

attaching the free ends of the top and bottom layers of the stack to a perforated
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4 . The nethod as clainmed in claim3 and including the
further step of applying adhesive al ong the edges of

wo bwometssso that alternate gaps are cl osed al oPQI/ZA2®E&000034
edges of the stack which are transverse to the bends.
5. The method as clainmed in claim3 or 4 wherein, to
strengthen the web, tapes _.-age adhered to it, the tapes
extending in the direction of the width of the web and

tube, &ed MhdirgaRsisiRREboat tHeupeval s which are such that,
when reverse bends are created in the web during

folding and stacking, it is the parts of the web to
whi ch the tapes are adhered that have said bends

d l.aimed i | ai 4
T B 0G0 i e
oot s e e S o

successive layers. 7. The nethod as clainmed in claim®6
along #hnse edgasdeiifetsteckswbishafre dvnaneisegolthe behdsm opposi t e
edges of the web to overlay that |ayer which is for
the tine being the top nost |ayer and displacing the
head in the reverse direction to pull the web agai nst

5. the barlke Whitlkdd B3 \cRimedn aiang 84 vbhereil) € ﬁﬁ‘éﬁé’tﬂeﬁ%he web,
claimed in claim7, wherein said bars are in the form

tapes Gfe hAhSRALEL 10d t&Sey extending in the direction of the width of the web

and being spaced apart at intervals which are such that, when reverse bends are

created in the web during folding and stacking, it is the parts of the web to which the

tapes are adhered that have said bends formed in them.

6. The method as claimed in claim 3, 4 or 5, and comprising reciprocating
a head back and forth in the direction of the length of the web and feeding out the

web from the head to lay down successive layers.

7. The method as claimed in claim 6 and including the step of advancing
bars from opposite edges of the web to overlay that layer which is for the time being
the top most layer and displacing the head in the reverse direction to pull the web

against the bars which have been advanced.

8. The method as claimed in claim 7, wherein said bars are in the form of

rotatable rollers.



