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maintenance. According to the invention there is provied a flat The present
invention relats to 8 flat stack per-  stack permeator module comprising a
multitude of meator module made from flat sheets of membrane       membrane
layers alternately separated by feed- material, useful for separating
compounds under dial-   5   retentate spacer material and permeate spacer
mate- ysis, ultrafiltration, reverse osmosis, perstraction,  rial to define
a stack wherein the membrane layers pervaporation, etc. type separation
mechanisms and   are secured along their edges so as to define sepa- at
levated temperatures and pressures. This mem-      rate feed-retentate
zones and permeate zones, the brane element design can also be used for the
fabri-     edge securing being performed so that for any pair of cation of
membrane reactor elements, i.e., elements        membrane layers the two
parallel  edges are secured in which the membrane sheets contains reaction
in-        the ducing or acceleration components such as catalysts.  and
below the aforesaid pair of membrane layers, the Flat plate and frame
membrane elements made-up      edges which are secured to the edges of the
mem- of alternating sheets of membrane-permeate/product  brane layers of
the aforesaid pair are 90 out of spacer-membrane-feed/retentate
spacer-membrane 15  ister with the previously identified pair of secured
etc. are useful when the materials of construction           edges, thereby
defining alternate feed-rententate and which are used to fabricate the
elements are stiff, not  permeate zones which are perpendicular in flow to
bendable or pliable or brittle,thus making fabrication  each other, the
stack being assembled between of spiral wound elements extremely difficult
if not im-  sheets of material defining the body of the module to possible.
However, traditional flat plate and frame   20   which the membrane layers
adjacent to the sheets of membrane elements are usually characterised by
the  material are secured. need to provide indepndent manifold means for
each        A preferred construction for the permeator com- individual
permeate zone and feed/retentate zone in  prises a multitude of membrane
layers alternately the stack. Even if such independent mul-
separated by feed-retentate spacers and perme- tiple manifold means are not
required because of the   25  ate/product spacers. The membrane layers are
flat ability to gang or group the numerous permeate      sheets secured by
glue or adhesive or otherwise at- zones and retentate zones and service
each group by  tached such as by heat induced melt welding or chem- a
single permeate manifold and feed/retentae mani-    ical welding using a
dissolving solvent along their fold, the traditional flat plate and frame
design usually  edges so as to define separate feed-retentate zones employs
long bolts to hold the entire assembly to-  30  and a permeate/product
zone. As used hereinafter in gether and provide the compression needed to
seal   the specification and claims, the term "secured" is the permeate
zones from the retentate zones. If bolts  understood to mean the
aforementioned techniques. are not used the securing of the zones usually
de-  The edge securing is performed so that for a given pends on mechanical
clamping or other means for     pair of membrane layers two parallel edges
are se- producing compression on the edges of the mem-   35    cured, while
for the membrane layers immediately brane envelopes to produce the seals
necessary to   above and below the aforesaid pair of membrane lay- result
in the creation of permeate zones and        ers the edge pairs which are
secured to the edges of feed/retente zones. Over time and during use the
the membrane layers of the aforesaid pair are 90 out bolts or the other
mechanical clamping or compres-  of register with the previously mentioned
pair of se- sion inducing means tend to loosen due to compac-  40   cured
edges. In that way alternate-feed retentate and tion of the materials of
construction of the membrane  permeate zones are defined which are
perpendicular elements or physical, chemical or thermal deteriora-  in flow
one to the other. As is seen, adhesive glue or tion of the materials. This
results in a loss of compres-  chemical or heat melt welding secure the
module to- sion on the element and compromise of element in-   gather and
insures the fluid integrity of each perme- tegrity permiting migration of
feed into the permeate  45  ate zone and retentate zone in the membrane
stack zone.                                               During
fabrication the element is held in a press or be- lt would be an advantage
if flat stack membrane  tween clamps only for as long as is needed for the
ad- elements could be produced which take advantage of   hesives or glues
to set and cure. the ability to employ stiff, brittle or unbendable mate-
This stack of  membrane sheets and spacer layers rials in their
construction and which can use perme-  50   may be fabricated between flat,
rigid or flexible, solid, ate and retentate manifolds servicing numerous
permeable or non-permeable structural sheets, the ganged or grouped
permeate and retentate zones in   membrane layers immediately adjacent to
said solid the stack but which do not rely on bolts, mechanical  sheets
being secured using an adhesive along their clamps or other compression
inducing means to pro-  entire face to the solid structural sheet or
edge-glued duce the seals between membrane sheets needed to  55  along the
proper alternating edge defining a feed- produce fluid tight permeate zones
and retentate     retentate or permeate/product zone, as appropriate, zones
in the elements. Such an element would exhibit  to form a module. integrity
over long periods of use with minimal or no   This module can be fitted
with multiple manifolds 2   
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serving the groups of permeate/product zones and   and/or gasses, as well
asa the temperatures and pres- retentate zones to provide a feed-retentate
entrance-                    sures to which the unit will be exposed during
use. exit pair and separate permeate exit. Alternatively the
The adhesives used in fiabricating the flat stack module can be inserted
into an appropriately mani- folded pressure vessel. The pressure vessel can
be held together by bolts,or other mechanical means              permeator
are selected from those which are resis- but these bolts are not primarily
responsible for the in-   tant to the liquuid or gas environment to which
they will tegrity of the membrane module wherein adhesives            be
exposed as well as resistant to the tempersatures and pressure of
operation.The adhesives must also secure the membrane edges rather than
relying on            be capable of forming bonds/seals between different
mechanical clamping . The bolts or mechanical clamp-          materials ,
e.g. between layers of membranes, be-
be ccapable of forming bonds/seals between different tween membranes and
spacer materials, between ing elements are used to hold the housing
elements            membranes and flat , rigid solid non-permeable
together.                                                    sheets making
up the module housing .These adhe- sives will generally be commercially
available adhe- The flat stack permeator of the present invention
sives.Occasionally it will be necessary to prime the can employ sheets of
membrane made from any poly-             surfaces to be glued to achieve
adequate seals, in ac- meric material or non-polymeric material such as
cer-           cordance with manufacturer instructions.Adhesives amic.Thus
even membranes which are extremely                     which have been
found useful in forming edge seals thin or fragile or stiff can be used
because the mem-            in spiral wound membrane modules for use in
dewax- bane materaials need not be bent in fabricating the              ing
solent environments are epoxies disclosed in module.Similarly, feed
retentate spacer materials                U.S. Patent 4,464,494 while
adhesives which are and permeate/product spacer materials need not be
useful on forming edge seals in spiral wound mem- pliable but can
themselves be stiff,because , they too,           brane modules for use in
aromatic extraction solvent need not be bent in fabricating the
modules.Because              environments sre silicone disclosed in U.S.
Patent the membrane need not be pliable the membrane
4,582,726, the disclosures of both of which are incor- used iin fabricating
the flat stack permeators are not              porated herein by reference.
necessarily polymeric materials but even be cer-                     The
flat stack permeator may contain any num- amic, glass, carbon fibre or
sintered metal sheets.                  ber of membrane layers alternately
separated by Futher, because the spacer materials will not be bent
feed-retentate spacers and permeate spacers but at or folded or wrapped it
can be thicker than usually em-             least one pair of
feed-retentate/peermeate zones ployed in fabricating spiral wound
elements.The feed-                is set merely by handling consideration
of the practi- retentate and permeate spacer sheets extending into
tioner.Length and width dimemnsions are similarly set same size as the flat
membrane sheets extending into               by the hydrodynamics of the
system.The length of the glue/adhesiuve area, discussed below, used to fab-
the permeate leaf(zone) is limited by the viscosity of ricate the module.
the permeate and the permeation rate which create The flat, rigid ,solid,
non-permeable sheets be-                a given pressure drop.An acceptable
level is set by tween which the membrane-spacer stack is fabricat-
the leaf thickness .Similarly, for the feed-rentate ed can also be selected
from a broad range of mate-                 zone , the leaf thickness and
length for a given feed rials depending on the service in which the
permeator                viscosity and flow rate are limited by the
acceptable will be used.Thus the sheets can be selected from
pressure drop.The flat stack permeation can be metal(i.e. aluminium,
brass,steel etc)plastic, fiber-                square or rectangular.When
rectangular in shape the glass reinforced epoxy sheets , glass composite
choice of which dimension corresponds to the feed- sheets, imnpermeable
graphite sheets etc.The selec-                   retentate zone or permeate
zone is again withiin the tion of material will, of course, depend on the
liquids                discretion of the practitioner. Following
fabrication, the module can be trimmed along its edges to produce
flush,square and perpen- dicular faces. The flat,rigid solid sheets which
are present on opposite faces of the module and define the module can,if
desired, heve edges along all four sides which bear flanges to which can be
attached the manifold- ing means servicing the groups of permeate zones and
retentate zones in the element stack and defining feed-retentate entrance
and exit means and perme- ate exit means.In this way, if the flat,rigid
sheets are strong enough for the intended service the module is, per se,
the entire separation apparatus. If the module is to be used under extremes
of tem-   
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or in other aggressive environ-   positioned along the fold edge and held
in place eith- ments, or if the flat sheets defining the body of the  er by
friction i.e. just placed in position and held there module are flexible or
are themselves permeable the  by the dynamic pressure of being in contact
with the module (preferably after being trimmed to produce   5.  e.g.
feedretntate spacer if placed along the inside flush, perpendicular faces)
can be inserted into a   fold edge and/or the e.g. permeate spacer if
placed pressure vessel corresponding in shape to that of the  along the
outside fold edge, or by use of an adhesive. module. This housing has
manifolding means defin-    The adhesive can be a permanent, solvent
resistant ing a feed-retentate entrance-exit pair and permeate  adhesive or
it can be one which is used just to position exit means which is
perpendicular to the aforesaid  10  the strip during fabrication but which
dissolves during feed-retentate entrance-exit pair. The pressure ves-  use
of the module, the strip then being held in place sel is held together
using bolts or other mechanical  simply by the nature of its location and
position. The means. These bolts or mechanical means are notem-
reinforcing material is typical 0.0076 cm (0.003 in- ployed to compress the
membrane stack but simply     ches) thick, but may be thinner if very
strong materi- to hold the housing together.                   15  als are
used or thicker if more reinforcing strength is As an alternative to the
previous description, the  necessary, and is selected from Teflon, Nylon
(Reg- flat stack permeators can use sheets of membrane     istered Trade
Mark), polyethylene or other plastics materials which can be folded. When
using foldable   which are stable in the system, preferably Teflon. The
sheets, the sheets of membrane are folded around     reinforcing step can
even be just a strip of glue or ad- the spacer material to form a leaf and
layers of the   20   hesive, preferably a flexible glue or adhesive on the
complimentary spacer material are placed between     inside surface of
themembraneatthefoldline.Anad- pairs of membrane leaves. The three membrane
hesive which is useful for reinforcing membrane fold edges in adjacent
membrane leaves two of which are  lines in modules used for the separation
of aromatics 90 out of register with and the other opposite to the  from
non-aromatics in heavy cat naphtha feeds is Tra- membrane edge fold of the
leaves are secured with  25   bond 2125, a two-part expoxy comprising a
Novalac adhesive or glue while the membrane edges in each    Resin (100
parts by weight) with epoxy hardeners (9 individual leaf which are parallel
to the fold are simi-  parts) modified with Butyl benzyl phthalate (10-20%)
larly secured by adhesive or glue to thereby define  as a flexibilizer and
manufactured by Tra-Con Inc of feed-retentate zones and permeate zones, the
flows   Medford, Massachusetts, U.S.A. The reinforcing strip in which zones
will be perpendicular.           30   extends the entire length of the fold
but is only wide In order to insure the structural integrity of the  enough
to extend a short distance on either side of membrane at the fold line
(i.e. to reduce the possibil-  the fold line. As a further option a sheet
of permeate ity of membrane blow out or rupture) precautions     spacer can
be wrapped around the folded membrane should be taken to insure that the
membrane stack    edge in place of or in addition to the usual sheet of
package at the side of the module in which the fold is  35   permeate
spacer material. located is not loose. Additional compaction along that
Again the stack is fabricated between flat, solid, edge of the package
results in a module which is suf-  rigid or flexible, permeable or
non-permeable struc- ficiently tight to prevent blow outs. This can be
accom-  tural sheets of material secured by adhesive or glue plished any
number of ways. Extra material such as  to the faces of the membrane layer
immediately ad- additional strips of membrane material or spacer ma-  40
jacent to such flat, solid, rigid or flexible, permeable terial can be laid
atthe fold so that upon clamping and  or non-permeable structural sheets to
form a module compaction during construction a tight package is    and this
module can be manifolded as such to form a produced. The reinforcing strip
adds to the thickness  separation apparatus or inserted intoan
appropriately dimension of the package, but only at the fold posi-
manifolded pressured vessel as previously descri- tion. Hence, when the
package is manufactured and   45   bed. When such a folded membrane is
employed trim- placed into a damp or press during construction to ob-  ming
is practiced to "true-up" the module to produce tain equal channel height
throughout the package,   flush, perpendicular faces on all foursides, care
being the existence of the reinforcing strip results in extra  taken during
trimming to prevent damage to the three compression at this critical fold
point and prevents  outer edge glue lines and also so that the internal
rupture at the fold. Alternatively and in a preferred   50   membrane fold
is not cut and remains intact. embodiment using folded membrane sheets. the
fold      If a separate pressure vessel is needed, the flat edge is itself
reinforced to prevent blow out of the  stack of membrane leaves must be
prepared for in- membrane (if used under pressure) along the folded
sertion into the vessel housing. Metal "L" shaped edge. The reinforcing is
accomplished by use of a    flanges are affixed to the stack of membrane
leaves strip of material, such as Teflon (Registered Trade  55   between
the structural sheets. The metal flanges are Mark), positioned at the
inside of the fold and option-  affixed along the edge corresponding to the
mem- ally along the outside of the fold. Preferably the rein-   brane fold
lines. Alternatively the structural sheets forcing strip is an underlayer
on the inside fold edge  have integral flanges. In such a case when the
mem- of the membrane. This narrow strip of material can be  brane stack
employs folded membrane sheets the 4   
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fabricated so that when the mem-  module. brane stack is placed between the
two structure        The Figure 1 presents one embodiment of the in- sheets
the membrane fold edge is just inside the    ventors. The figure shows a
three membrane leaf plane of the flange faces. The flange permits the   5
module in cross section along one of the edges. The module to be secured
Into thevessel housing and iso-  membrane sheet (1) is folded around the
feed- permeate zones from the feed/retentate     retentate spacer (2). The
ends of the folded mem- zones. Metal (i.e. aluminum or other compatible
met-  brane sheet opposite the fold line are secured (e.g. al) blocks equal
in height to the stack are glued to the  glued) (2A) along its entire
length to thereby define a stack along the edges perpendicular to the edge
at  10  closed area. The membrane sheet has a reinforcing which the
membrane is folded, or, if no folded mem-  strip of material (1A) at the
inside of the fold, the brane is used, the permeate exit edge, the blocks
be-  leaves are separated by the permeate spacers (3). An ing short in
length and located close to the edge at  optinal sheet of permeate spacer
material (3A) can which the membrane is folded; or,if no folded mem-  be
over-wrapped around the folded membrane. The brane is used, the permeate
exit edge, to insure that  15   permeate zone (4) is defined by applying
glue (5) no feed or retentate can leak past the edges into the  along the
edges (6) of the membranes in adjacent permeate zone. Holes both in the
flanges and metal  leaves along the three edges which are (I) [err] out of
blocks align with the bolt holes in the face of the baf-  registerwith and
(II) opposite to the membrane edge fle plate of the housing vessel so that
the membrane  fold. The three leaves are sandwiched between flat, stack can
be secured into the housing vessel.  20  rigid, solid sheets of material
(7) to form a stack mod- Prior to the hardening of the adhesive (but sub-
ule in which feed-retentate flow (8) is perpendicular to sequent to the
membrane stack trimming step) the    permeate flow (9). The figure shows
the module membrane stack and attached short metal blocks are   housing as
containing integral permeate manifolding placed between the structural
sheets of material used  means (10) separated from the stack by a baffle
plate to define the module. The structural sheets' extend   25  and screen
(11). beyond the edges of the membrane stack along the        Alternatively
stack modules without integral per- feed/retentate edges of the stack but
the sides of the  manent manifolding can be inserted into a pressure
structural sheets corresponding to the permeate     vessel as shown in
Figure 2. This vessel comprises a edge of the stack are flush with that
edge. The struc-  receptacle (21) into which the module is placed, then
tural sheets are clamped or bolted to compact the   30   a cover plate
Figure (2a) is secured to close the ves- membrane stack prior to the glue
finally curing and  sel. The stack module does not completely fill the re-
hardening. The integrity of the membrane element is  ceptacle but leaves an
open zone (13) defined by a achieved usingthe adhesiveand glue rather than
the   baffle plate or screen (11) which creates a manifold bolts. While the
bolts are not responsible for maintain-  for collecting permeate from the
individual permeate ing the seal between membrane edges to define per-  35
zones to a permeate exit means. The stack module meate zones and retentate
zones, the compaction     fits snugly between the feed-retentate
entrance/exit caused by using bolts helps prevent blow out of the  means
(15) and keeps the feed-retentate separate membrane fold and telescoping of
the package due to-  from the permeate and permeate exit means (16). high
feed flow rates. The presence of the bolts will  Figures 3 and 4 present
another view of housing and also help to physically prevent telescoping.
Asheet of  40  show the placement of the baffle (11) as well as the gasket
material such as Klingerite[err] (a top quality   profile of the baffle
(Figure 4). compressed asbestos sheet packing comprising as-        Figure
5 presents a schematic of a flat stack mod- bestos fiber with a binder and
manufactured in the  ule. The stack of membrane leaves (1), permeate U.K.)
or a bead of gasket material is placed between  spacers and retentate
spacers, appropriately glued the faces of the flanges and the baffle plate
of the   45  along the proper edges (as previously described) is housing
vessel to create a seal.                    trimmed along all four edges to
produce flush perpen- This invention will be better understood by refer-
dicular and squared faces. Two short blocks (14) ring, by way of example,
to the accompanying draw-   equal in height to the membrane stack are glued
to ings, wherein:-                                     the stack of
membranes along a short length of edges Figure 1 presents a sectional view
through a pre-  50   a and c and flush with the permeate edge of the stack
ferred flat stack permeator of the present invention.  (zone B) and have
glue applied to the faces corre- Figure 2 presents a pressure vessel into
which a  sponding to the interior faces of the sheets of struc- flat stack
permeator module can be placed, Figure 2a  tural material. The  stack  is
placed  between  two presenting a view of the pressure vessel cover plate.
sheets of structural material (7) which have flanges Figure 3 presents an
end view of the pressure  55  (23) either attached thereto or as an
integral part of vessel.                                             the
sheet. The  membrane  stack  is glued  along  3 Figure 4 presents a view of
the baffle plate taken  edges (a - c) on both the upper and lower sides (I
and along line A-A of Figure 3.                         II) to the  sheets
of structural material (7), which Figure 5  presents a  schematic of the
flat stack  sheets extend beyond the membrane stack (1) along 5   
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edges (edges a and c).         ed for one month at [err] in a pervaporation
mode Following the applicatin of glue along the afore-  forthe separation
of aromatics from non-aromatics on said edges of the membrane stack and
faces of the  heavy cat naphtha feed. blocks and the insertion of said
stack and blocks be-   5 tween the structural sheets, the sheets of
structural material are bolted together using bolts (25) before  Claims the
glue dries to effect the compaction of the mem- brane stack and create
flush tight seals between the  1. A flat stack permeator module comprising
a mul- feed/retentate zone (A) and the permeate zone (B).  10  titude of
membrane layers (1) alternately separat- The module is then inserted
intothe housing ves-  ed by feed-retentate spacer material (2) and per- sel
(1) (see figures 2, 3 and 4). The module face de-  meate spacer material
(3) to define a stack fined by the flanges and blocks has a gasket sheet or
wherein the membrane layers (1) are secured bead of gasket material applied
to It and then is mated  along their edges so as to define separate feed-
to the baffle plate (figure 4) using bolts inserted   15  retentate zones
(A) and permeate zones (B), the through bolt holes (26) present in the
flanges and cor-  edge securing being performed so that for any responding
bolt holes in the baffle plate (figure 4).  pair of membrane layers the two
parallel edges Once the module is inserted into the housing and      are
secured while forthe membrane layers imme- bolted into place the cover
plate (figure 2a) is attach-  diately above and below the aforesaid pair of
ed to the top of the vessel housing (figure 2).  20   membrane layers, the
edges which are secured to the edges of the membrane layers of the afore-
Example                                               said pair are [err]
out of register with the previous- ly identified pair of secured edges,
thereby defin- A flat stack module was prepared using polyur-    ing
alternate feed-retentate (A) and permeate ea/urethane membranes on a Teflon
(Registered   25    zones (B) which are perpendicular in flow to each Trade
Mark) support. The membrane is cast by using    other, the stack being
assembled between a polymer made from a 70/30 blend of 500/2000 MW
sheets (7) of material defining the body of the polyethylene adipate
end-capped with 4,4' diiso-      module to which the membrane layers
adjacent cyanate-diphenyl methane and chain extended using    to the sheets
of material are secured. 4,4' diamino diphenylmethane. A suspension of this
30 polymer in DMF is coated onto a sheet of porous Te-  2. A module as
claimed in claim 1, wherein the flon using the technique disclosed and
claimed in     membrane layers (1) are folded around the U.S. Patent
4,861,628. The Polyurea/urethane mem-     spacer material (2) to form a
leaf with layers of brane is itself described in U.S. Patent 4,914,064.
the spacer material placed between pairs of Sheets of membrane material
were separated by al-  35  membrane leaves, in which the three membrane
ternating layers of feed/retentate spacer material, Tet-  edges (a,bc) in
adjacent membrane leaves, two co 1400 and permeate spacer material, also
Tetco      (a,c)ofwhichare90_outofregisterwith,andone 1400. Tetco 1400 is a
polyester woven monofilament    (b) of which is opposite, the membrane edge
fold mesh. It has a thickness of 724 [err] (28.5 mils) with 14  of the
leaf, are secured to define the feed- strands per inch mesh count. It gives
low pressure  40  retentate zone (A) and permeate zones (B). drop for the
feed viscosities and flow rates used. The membrane on Teflon was further
supported using a   3. A module as claimed in claim or 1 or 2, wherein
polyester trecot identified as Trecot 9628 (manufac-  the sheet material
(7) defining the body of the tured by Kornwood Fabrics Inc. and being a
simplex    module is solid, rigid and non-permeable and the fabric of
polyester fibers treated with Hornwood   45  edges of which bear flanges
(23) to which are at- epoxy-type resin (HC-80). The adhesive used for fab-
tached manifolding means (11, 21) defining feed rication was a Novalac
Resin with epoxy hardeners     retentate entrance and exit means (15) and
per- modified with butyl benzyl phthalate (10-20%) as a    meate exit means
(16). flexibilizer, identified as Trabond 2125. All metal ele- ments were
constructed of aluminum. The aluminum   50  4. A module as claimed in claim
3, wherein the sheet had to be prepped before application of the adhesive
material (7) defining the body of the module is by the steps of degreasing
the aluminum surface with  solid, flexible and permeable and the module is
a solvent (in this case Naphtha 1520). roughing the   inserted into a
pressure vessel (21) equipped aluminum surface with emery cloth although
sand       with feed-retentate entrance-exit means (15) and blasting would
also work, coating the roughened sur-  55  exit means (16). face with a,
thin layer of a primer, in this case B.F. Goodrich Primer A937BY, a silane
compound. Mem-    5. A module as claimed in any preceding claim, brane fold
reinforcing material was 0.076 cm (0.03    wherein the membrane edges are
secured by inch) Teflon sheet. This module was successfully test-  glue or
adhesive. 6   



9                   EP 0 418 063 B1                 10 the feed/retentate
edges (edges a and c).           ed for one month at [err] in a
pervaporation mode Following the application of glue along the afore-
forthe separation of aromatics from non-aromaticson said edges of the
membrane stack and faces of the   heavy cat naphtha feed. blocks and the
insertion of said stack and blocks be-   5 tween the structural sheets, the
sheets of structural material are bolted together using bolts (25) before
Claims the glue dries to effect the compaction of the mem- brane stack and
create flush tight seals between the  1. A flat stack permeator module
comprising a mul- feed/retentate zone (A) and the permeate zone (B).   10
titude of membrane layers (1) alternately separat- The module is then
inserted into the housing ves-   ed by feed-retentate spacer material (2)
and per- sel (1) (see figures 2, 3 and 4). The module face de-  meate
spacer material (3) to define a stack fined bythe flanges and blocks has a
gasket sheetor     wherein the membrane layers (1) are secured bead of
gasket material applied to it and then is mated  along their edges so as to
define separate feed- to the baffle plate (figure 4) using bolts inserted
15  retentate zones (A) and permeate zones (B), the through bolt holes (26)
present in the flanges and cor-  edge securing being performed so that for
any responding bolt holes in the baffle plate (figure 4).  pair of membrane
layers the two parallel edges Once the module is inserted into the housing
and       are secured while forthe membrane layers imme- bolted into place
the cover plate (figure 2a) is attach-  diately above and below the
aforesaid pair of ed to the top of the vessel housing (figure 2).  20
membrane layers, the edges which are secured to the edges of the membrane
layers of the afore- Example
said pairare [err] outof register ith the previous- ly identified pair of
secured edges, thereby defin- A flat stack module was prepared using
polyur-     ing alternate feed-retentate (A) and permeate ea/urethane
membranes on a Teflon (Registered   25     zones (B) which are
perpendicular in flow to each Trade Mark) support. The membrane is cast by
using     other, the stack being assembled between a polymer made from a
70/30 blend of 500/2000 MW       sheets (7) of material defining the body
of the polyethylene adipate end-capped with 4,4' diiso-       module to
which the membrane layers adjacent cyanate-diphenyl methane and chain
extended using      to the sheets of material are secured. 4,4' diamino
diphenylmethane. A suspension of this  30 polymer in DMF is coated onto a
sheet of porous Te-  2. A module as claimed in claim 1, wherein the flon
using the technique disclosed and claimed in      membrane layers (1) are
folded around the U.S. Patent 4,861,628. The Polyurea/urethane mem-
spacer material (2) to form a leaf with layers of brane is itself described
in U.S. Patent 4,914,064.    the spacer material placed between pairs of
Sheets of membrane material were separated by al-  35  membrane leaves, in
which the three membrane ternating layers offeed/retentate spacer material,
Tet-  edges (a,b,c) in adjacent membrane leaves, two co 1400 and permeate
spacer material, also Tetco
(a,c)ofwhichare90_outofregisterwith,andone 1400. Tetco 1400 is a polyester
woven monofilament     (b) of which is opposite, the membrane edge fold
mesh. It has a thickness of 724 [err] (28.5 mils) with 14  of the leaf, are
secured to define the feed- strands per inch mesh count. It gives low
pressure   40  retentate zone (A) and permeate zones (B). drop for the feed
viscosities and flow rates used. The membrane on Teflon was further
supported using a    3. A module as claimed in claim or 1 or 2, wherein
polyester trecot identified as Trecot 9628 (manufac-   the sheet material
(7) defining the body of the tured by Kornwood Fabrics Inc. and being a
simplex     module is solid, rigid and non-permeable and the fabric of
polyester fibers treated with Hornwood   45  edges of which bear flanges
(23) to which are at- epoxy-type resin (HC-80). The adhesive used for fab-
tached manifolding means (11, 21) defining feed rication was a Novalac
Resin with epoxy hardeners      retentate entrance and exit means (15) and
per- modified with butyl benzyl phthalate (10-20%) as a     meate exit
means (16). flexibilizer, identified as Trabond 2125. All metal ele- ments
were constructed of aluminum. The aluminum   so  4. A module as claimed in
claim 3, wherein the sheet had to be prepped before application of the
adhesive   material (7) defining the body of the module is by the steps of
degreasing the aluminum surface with           solid, flexible and
permeable and the module is a solvent (in this case Naphtha 1520), roughing
the    inserted into a pressure vessel (21) equipped aluminum surface with
emery cloth although sand        with feed-retentate entrance-exitmeans
(15) and blasting would also work, coating the roughened sur-  55  exit
means (16). face with a, thin layer of a primer, in this case B.F. Goodrich
Primer A937BY, a silane compound. Mem-     5. A module as claimed in any
preceding claim, brane fold reinforcing material was 0.076 cm (0.03
wherein the membrane edges are secured by inch) Teflon sheet. This module
was successfully test-  glue or adhesive. 6   
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claimed in any one of claims 1 to 4,  2. Modul nach Anspruch 1, bei dern
die Membran- wherein the membrane edges are secured by         schichten
(1) um das Distanzmaterial (2) herum heat induced melt welding.
gefaltet sind, um ein Blatt mit Distanzrmaterial- 5      schichten, die
zwischen Membranblatterpaaren 7. A module as claimed in any one of claims 2
to 6,   angeordnetsind, zu bilden, bel demdbdrei Mem- wherein the folded
edge of the membrane is re-     brankanten (a,b,c) in benachbartn Membran-
inforced using a strip (1A) of adhesive located    blatlern, von denen zwei
(a,c) zu der Membran- along the fold line.
kantenfaltung des Blattes um 90C versetzt sind 10      und von denen eine
(b) der Membrankantenfa- 8. A module as claimed in any one of claims 2 to
6,   tung des Blattes gegeniberliegt, befestigt sind, wherein the folded
edge of the membrane is re-     um die Einsatzmaterialzone (A) und die
Perme- inforced using a pair of strips of reinforcing mate-  atzonen (B)
festzulegen. rial located at the interior face and outer face, re-
spectively, of the membrane along the fold line.   15  3. Modul nach
Anspruch I oder 2, bei dem das Plat- tenmaterial (7), das den Modulkorper
begrenzt, 9. A module as claimed in any one of claims 2 to 6,   feast,
steif und undurchdringbar lst, und die Kanten wherein the folded edge of
the membrane is re-     des Korpers Flansche (23) tragen, an denen Ver-
inforced using a strip of reinforcing material locat-  teilereinrichtungen
(11,21) befestigtsind, die En- ed at the outer face of the membrane along
the   20  satzmaterial/Retentat-Eintnitts- und -Austrittsein- fold line.
richtungen (15) und Permeataustrittseinrichtun- gen (16) festlegen. 10. A
module as claimed in claim 8 or 9, wherein the reinforcing material is
Teflon (Registered Trade  4. Modul nach Anspruch 3, bei dem das
Plattenmate- Mark).                                    25      rial (7),
das den Modulkrper festlegt, fest, flexibel und durchdringbar ist, und des
Modul in ein Druck- 11. Amodule as claimed in claim 7,8,9 or 10, where-
gefaB (21) eingesetzt wird, des mit Einsatzmateri- in an extra sheet of
permeate spacer material     allRetentat-EintrittsAustritts-Einrichtungen
(15) (3A) is over wrapped around the folded mem-        und
Permeataustrittseinrichtungen ausgestattet brane (1).
30      lst. 5. Modul nach einem der vorhergehenden Ansprf- Patentanspriche
che, bei dem die Membrankanten durch Leim oder Klebstoff befestigt sind. 1.
Flachstapel-Permeatormodul,  das  mehrere  35 Membranschichten (1) umfaBt,
die alternierend  6. Modul nacheinemderAnspriiche I bis4, bei dam durch
EinsatzmateriallRetentatDistanzmaterial     die Membrankanten durch
warmeinduziertes (2) und Permeat-Distanzmaterial (3) getrennt
SchmelzschweiBen befestigt sind. sind, um einen Stapel festzulegen, be! dem
die Membranschichten (1) entlang ihrer Kanten so  40  7. Modul nach
einemderAnspruche2bis6, bei dam befestigt sind, daB separate
Einsatzmaterial/Re-   die gefaltete Kante der Membran durch Verwen-
tentat-Zonen (A) und Permeat-Zonen (B) abge-       dung eines
Klebestreifens (1A), der an der Falthl- grenzt werden, wobei die
Kantenbefestigung so      nie angebracht ist, verstarkt ist.
durchgef0hrtwird, da fiur jedes Membranschich- tenpaar die beiden
parallelen Kanten befestigt  45  8. Modul nach einem derAnsprfiche 2 bis 6,
bei dem sind, wahrend bei den unmittelbarulberoderunter    die gefaltete
Kante der Membran unter Verwen- diesem Membranschichtenpaar liegenden Mem-
dung eines Paares von Streifen aus Verstar- branschichten die Kanten, die
an den Kanten der    kungsmaterial verstirkt ist, die an der Innenseite
Membranschichten des vorherigen Paars befe-        beziehungsweise
Aulenseite der Membran ent- stigt sind, zu dem davor angegebenen Paar von
50  lang der Faltlinie angebracht sind. gesicherten Kanten um 90O versetzt
sind, wo- durch alternierende EinsatzmaterialJRetentat-  9. Modul nach
einem derAnspruche 2 bis 6. bei dem (A) und Permeat-Zonen (B) abgegrenzt
werden,       die gefaltete Kante der Membran unter Verwen- in denen die
Stromung zueinander senkrecht ver-    dung eines Streifens aus
Verstirkungsmaterial lIuft, wobei der Stapel zwischen Platten (7) aus  5s
verstirkt ist, der an der Aul~enseite der Membran Material montiert ist,
das den K6rper des Moduls   entlang der Faltlinie angebracht ist. begrenzt,
an dem die den Platten aus Material be- nachbarten Membranschichten
befestigt sind.    10. Modul nach Anspruch 8 oder 9, bei dem das Ver-
starkungsmaterial Teflon (eingetragenes Waren- 7    
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4. Module selon la revendication 3, dane lequel le materiau en feuille (7)
definissant le corps du mo- 11. Modul nach Anspruch 7,8,9 oder 10, bel dem
ein    dule eat solids, flexible et perm6able et le module Extrabogen aus
Permeatdistanzmaterial (3A) auf   5  eat introduit dans un conteneur sous
pression der Au~eren Seite urn die gefaltete Membran (1)   (21) muni de
moyens d'entrhe et de sortie de re- herumgewickelt ist.
tentat d'alimentation (15) et de moyens de sortie du permoat (16).
Rovendications                                10  5. Module l'une
quelconque des revendications pre- cedentes, dana lequel lee bords des
membranes 1. Module de permeation A empilement plat             sont fixos
par de la colle ou une matibre adhesi- comprenant une sorie de couches de
membrane        vs. (1) separees en alternance par un materiau d'es-
pacement du retentatd'alimentation (2) etun ma-  1s  6. Module selon l'une
quelconque des revendica- toriau d'espacement du permbat (3) pour definir
tions I A 4, dana lequel lea bords des membranes un empilement dans lequel
les couches de mem-      sont fixes par soudage par fusion induits par de
brane (1) sontfixees le long de leurs bords de ma-  la chaleur. nibre A
definir des zones separees de retentat d'alimentation (A) et de permbat
(B), la fixation   20  7. Module selon l'une quelconque des revendica- des
bords etant rbalisee de telle sorts que, pour  tions 2 a 6, dana lequel le
bord replie de la mem- une paire quelconque de couches de membrane,
brane est renforcA en utilisant une bande (1A) les deux bords parallbles
soientfixes, tandis que,  d'adh6sif situe le long de la ligne de pliage.
pour lea couches de membrane qui so trouvent immediatementau-dessus
etau-dessousdeladi-  25  8. Module selon l'une quelconque des revendica- to
pair. de couches de membrane, les bords qui     tions 2 A 6, dana lequel le
bord pliA de la membra- sont fixes aux bords des couches de membrane
ne est renforce en utillsant une paire. de bandes de ladite pairs seront
decales de 900 vis-a-vis de  de materiau de renfort situees sur la face
interne la pairs de bords fixbs identifise precdemment,   et sur la face
externe, respectivement, de la de maniere A definir des zones alternees de
re-  30  membrane le long de la ligne de pliage. tentat d'alimentation (A)
et de permeat (B) dont les ecoulements sont perpendiculaires l'un a l'au-
9. Module selon lune quelconque des revendica- tre, I'empilement Atant
assemble entre des feuil-  tions 2 A 6, dans lequel le bord plie de la
membra- les (7) de matefiau definissantle corps du module  ne est renforce
en utilisant une bands de mate- auquel lea couches de membrane voisines des
35  riau de renfort situAe sur la face externe de la feuilles de materau
sont fixees.                   membrane le long de la ligne de pliage. 2.
Module selon la revendication 1, dana lequel les  10. Module selon la
revendication 8 ou 9, dane lequel couches de membrane (1)
sontreplieesautourdu       le matbriau de renfort est le Teflon (marque de-
mateirau d'espacement (2) pourformer un feuillet  40  posee). avoc des
couches du materiau d'espacement pla- cees entre les paires de feuillets de
membrane,  11. Module selon la revendication 7, 8, 9 ou 10, dana feulllet
dana lequel les trois bords de membrane  lequel une feuille supplementaire
de materiau (a, b, c) des feuillets de membrane voisins, dont  d'espacement
de permbat (3A) est enroulee au- deux (a, c) sont dhcales de 90 vis-a-vis
du pli du   45  tour de la membrane repliee (1). feuillet au niveau des
bords des membranes et dont l'un (b) est en regard, sont fixes pour definir
la zone de retentat d'alimentation (A) et les zones de permlat (B). so 3.
Module selon la revendication 1 ou 2. dans lequel le materiau en feuille
(7) definissant le corps du module est solids. rigide et non permeable et
dont les bords portent des rebords (23) auxquels sont fixes des moyens
collecteurs (11, 21) defi -  55 nissant des moyens d'entree et de sortie de
re- tentat d'alimentation (15) et des moyens de sortie du perm6at (16). 8


