
EP 0 296 881 B1 Description BACKGROUND OF THE INVENTION 5   Field of the
Invention This invention relates to a novel membrane apparatus design. The
apparatus is useful in producing permeable membrane elements for use in
separating mixtures into various components under various separation
conditions such as reverse osmosis, ultrafiltration dialysis, pervaporation
or perstraction con- 10  ditions. The design facilitates fabrication of
membrane elements without the use of adhesives for use in the processing of
viscous systems, especially of mixtures of organic liquids, at elevated
temperatures and/or pressures or under vacuum (as in pervaporation).
BACKGROUND OF THE INVENTION Semipermeable membrane elements for industrial
uses can be assembled in four different configura- tions: plate and frame
(P and F), tubular (T), spiral wound (SW) and hollow fiber (HF). Most
commercial units today utilize spiral wound or hollow fiber configurations
which provide large membrane packing density (surface area per unit
volume). The plate and frame and tubular designs have lower packing 20
densities and are, therefore, used in special applications. The hollow
fiber design has very high packing density but may be limited by high
pressure drops and uneven flow distribution. These systems have operating
pressure limitations. For example, spiral wound and hollow fiber designs
can be operated at about 3448-6895 kPa (500-1000 psig) pressure in reverse
osmosis applications and at lower pressures (344.8 - 689.5 kPa) (50-100
psig) in ultrafiltration applications, while the tubular and plate 25  and
frame designs are normally limited to 68.95 - 689.5 kPa (10-100 psig
operating pressures. The standard spiral wound design is suitable for many
applications but requires the use of an adhesive. Because adhesives are
relied upon to make the numerous membrane-to-membrane and membrane-to-
permeate tube seals, it is very important to maintain strong bond
throughout the element's life. If seals weaken, leakage occurs and the
element fails. 30    As many adhesives soften (swell) or dissolve in
organic liquids, particularly at high temperatures, it is desirable to
minimize or eliminate their use in designs of units to be used for organic
systems. Some references briefly disclose means to avoid the use of glue by
clamping devices, pressure plates, etc. These include US-A-4,019,988,
4,009,107, 3,768,660, 3,786,925, 3,705,652, 3,979,297, 3,397,790,
3,367,504, 3,417,870, and 4,009,108. 35    In addition to the four main
designs described above there are several other membrane element designs
which have been described in the art and are extensively used, especially
in dialysis and hemodialysis. For example, US-A-3,701,431 describes such a
design which can be operated at high pressure and in which membrane sheets
are clamped together with an interposed spacer sheet to form a tube.
Multiple tubes can be arranged to form the element. 40     Japanese Patent
J79035-194 describes an osmotic filtration membrane device comprising a
flattened semipermeable membrane tube with a flat-plate spacer located in
the tube. The tube is corrugated with a number of spacers, each being
disposed between the adjacent turns of the corrugated tube. The liquid
enters into the tube and the filtered liquid discharges from the hollow
space between the tube turns. DE-A-3,028,398 discloses an ultrafiltration
unit for biological fluids which has rectangular semipermeable 45 membranes
stacked in pairs with spacers, in which the edges are sealed by embedding
in a cured resin, such as epoxy. The stack is covered with a pressure plate
to maintain proper spacing. DE-A-3,141,388 discloses an ultrafiltration
unit being a small sterile filtration unit for medicine or laboratory use,
having microporous bags with open ends fixed in a plastic disk.
GB-A-2,001,867 describes a disposable hemodialyzer with flattened membrane
tubes in which blood 50  passes successively over two groups of tubes which
are stacked in parallel within a housing in which the ends of the tubes are
embedded in cured plastic. This design is suitable for dialysis having a
pressure 



limitation fixed by the dialysis mechanism of 104 kPa (15 psi). The
following references also disclose similar dialysis devices: US Defensive
Publication T867005; US- A-3,522,885, 3,565,258, 4,128,479, 3,864,265,
4,066,553, and 4,163,721. 55     What is desired is a membrane apparatus
possessing three main characteristics: (1) suitability for use with organic
systems which may also be viscous over a wide range of operating
temperatures, (2) high membrane packing density, and (3) and will operate
at high pressures. Specifically desired is an apparatus which will operate
in the pressure range required for ultrafiltration and reverse osmosis,
about 69 - 6895 kPa 2    EP 0 296 881 B1 (10-1000 psig) and will operate at
a range of temperatures from about 20 C to 200[err] and higher, in the
presence of organic systems that may have a viscosity an order of magnitude
higher than that of water. SUMMARY OF THE INVENTION An apparatus has been
designed, constructed-and tested which comprises a stack of flattened
semipermeable tubular membranes in a pressure resistant cartridge module.
The tubular membranes contain (disposed therein) permeate spacers which
extend the full length of the tubular membranes. The tubular membranes are
separated by permeable retentate/feed spacers which do not extend the full
length 10  of said tubular membranes. The open ends of said tubes are
clamped, forming membrane-to-membrane seals which are not separated by
retentate/feed spacers, such that permeate (but not feed/  retentate) is
allowed to flow out of the ends of the tubes through the permeate spacers.
This multiple layer sandwich of tubular membrane, within which are permeate
spacers, and which membranes are separated by retentate spacers, is
enclosed within a pressure resistant cartridge. 15     The membrane
separation apparatus will be useful in any of the separation processes
familiar to those skilled in the art, e.g. reverse osmosis,
ultrafiltration, dialysis, pervaporation, perstraction, etc., especially
those employing elevated temperature and/or pressure, be that an applied
pressure or vacuum. Thus the apparatus will be especially useful in reverse
osmosis, ultrafiltration, pervaporation and perstraction. Further any type
of mixture can be separated using this apparatus but, because of its
construction which does not 20  depend on the use of adhesives it will find
special utility in separating mixtures of organic materials (be they
liquids or gases). The apparatus was shown effective in the high pressure
process of separating organic liquid streams in a reverse osmosis process.
This design has several advantages over current commercial designs,
particularly the spiral wound 25  membrane module. The packing density of
the instant apparatus is 886 to 1128 [err] (270 to 340 square feet per
cubic foot), versus 664 to 830 [err] (200 to about 250 [err] for the
comparative spiral wound membrane of similar length and diameter. There is
no adhesive required for membrane sealing along the edges of the stack and
any other joints or seals only require clamping and optionally a small
gasket seal around the clamping assembly. Thus, since the structural
elements of the cartridge module may be made 30  of any convenient material
such as metal, plastic, molded resins, reinforced fiberglass etc. any
membrane to structural element joints can be produced simply by clamping,
formulation of a specific adhesive not being necessary. The pressure and/or
temperature ratings are limited only by the pipe casing, the membrane and
non-adhesive seal material. By this invention there is provided an
apparatus for separating a feed mixture into a permeate stream 35   and a
retentate stream comprising: (a) a housing, having means for feed mixture
inlet and retentate outlet and permeate outlet; (b) a pressure-resistant
compartment having feed inlet and retentate outlet In nominal register
with the 



corresponding feed inlet and retentate outlet of the housing, said pressure
resistant compartment being disposed within said housing, and being capable
of withstanding operating pressures, either applied 40    pressure or
vacuum. (c) plurality of flat or flattenable tubular semipermeable
membranes, i.e. permeable to solvent but not to solute of a solution,
arranged in a parallel stack arrangement, and separated individually by
permeable retentate/feed spacers, which do not extend longitudinally all
the way to the open ends of the tubular membranes, each tubular membrane
internally containing a permeate spacer which does extend all the 45    way
to the open end of said membrane, each tube thus being open at both ends
but not separated by the feed spacer at the ends, said feed spacers and
tubular membranes containing the permeate spacers being alternately
longitudinally layered to form a stack disposed inside said pressure
resistant compart- ment; (d) clamping means sealing the ends of the
membrane stack under pressure to prevent the feed from 50    exiting the
pressure resistant compartment through the membrane envelope layers at the
permeate outlet ends, the sealing means longitudinally positioning and
maintaining the tubular membranes stack in the compartment by clamping the
tubular open ends in the arrangement thereby forming membrane-to- membrane
seals, such that during operation the permeate permeating through the
membranes exits internally from the membranes envelope via the permeate
spacer into the permeate outlet, while 55   retentate exits via the
retentate outlet. 3    EP0296881 B1 BRIEF DESCRIPTION OF THE FIGURES Figure
1 is an exploded perspective view of part of an embodiment of the present
invention showing the housing, the housing base, the flanges, and the feed
inlet and concentrate outlet on the housing assembly 5 and the permeate
solution outlets on the flange assemblies. Figure 2 is a similar view
illustrating the side elements forming the pressure-resistant compartment,
and also showing the clamping cover assemblies which are mounted on each
end. Figure 3 is a cross-sectional longitudinal view, of the housing
showing the pressure-resistant compart- ment assembly positioned inside the
housing. Shown also are the "O" rings in the pressure-resistant 10
compartment assembly which separate the high pressure feed zone from the
low pressure permeate zone of the module in the interior of the assembly.
Figure 4 is an end view of the clamping cover assembly showing the top and
bottom portions which fit together to form the square clamping space for
the tubular ends of the membrane stack. Figure 5 is a side sectional view
of the clamping cover assembly of Figure 4. 16     Figure 6 is a partial
longitudinal vertical sectional view of the clamped tube assembly with the
membrane stack positioned inside the pressure-resistant compartment. Shown
also are the tubular mem- branes separated by the permeate spacer elements.
Figure 7 is a partial exploded perspective view from above showing the
positional relationship between a flattened tubular semipermeable membrane,
its full length internal permeate spacer, and the shorter 20  external
retentate spacer. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE
INVENTION As seen in Figure 1, the total assembly 8 comprises a housing 10
with flanges 11 at each end with feed 26 inlet 14 and retentate outlet 16.
The housing is made of metal or other material, such as fiber glass
reinforced epoxy, or reinforced carbon fibers, etc. capable of withstanding
pressures in the range of 3448 to 6895 kPa (500 to 1000 psig) and more and
inert to the solution mixture to be separated. The ends of the 



housing are secured by blind flanges 12 which are fastened to the ends of
the housing, thus creating a high pressure chamber compartment 15. 30
The pressure-resistant compartment is constituted by a cartridge module
assembly 20 which Is depicted in Figure 2 is comprised of 4 elements, the
horizontal top and bottom elements 28 and the two vertical side elements
26, although these four elements can be reduced in number by integrating
two or more of the horizontal and vertical members into single units. These
vertical and horizontal elements perform the function of maintaining the
tubular membrane stacks in a flat, longitudinal configuration and of 35
maintaining the relative position of the two end clamping devices 24 at
each end of the cartridge. They also serve to channel the feed flow across
the membrane surface. During insertion of the cartridge into housing 8
these vertical and horizontal elements serve to prevent the cartridge
membrane stacks from being crushed or twisted during the insertion
operation and they maintain the cartridge membranes in a preferred flat
form. Side elements 26 are pierced by opening 15 and 15A, opening 15 (feed
inlet) permitting entry of 40 the solution into the module and thereby
permitting contact with the membrane tubes, opening 15A (retentate outlet)
permitting exit from the module of retentate produced after separation.
These openings are in nominal register with the corresponding feed inlet
and retentate outlet of the housing. These elements fit together to form a
tubular module assembly having, after positioning, an interior space for
accepting the membrane stack assembly 34 (as depicted in Figure 6). The
ends of the high pressure module assembly 45 are fastened and secured by
clamping cover assembly 24 to each end of assembly 20. Assembly 24 Is
comprised of clamping semi-circular or semi-annular top and bottom elements
25 positioned to form square opening 27 surrounding the membrane stack
assembly 34 at the edges. While housing 8 and cartridge module assembly 20
are depicted as circular in cross-section, it is understood that their
cross-sectional profile may assume any shape, e.g., oval, square,
polygonal, etc., depending upon the preference of the 50   practitioner and
the space requirements of each particular application. Such shape would
require a multitude of flattened membranes of different flattened widths.
Further, while the opening 27 in assembly 24 is depicted as being generally
square, this is not critical. The opening may also be, of course,
rectangular, the size of the opening depending on the number of tubular
membrane layers being stacked to form the overall membrane sandwich and the
amount of flow 55  entering or exiting therefrom. If only a few membrane
layers are employed the height of the stack need not be equal to the width
of the tubular membrane, thus the opening will be rectangular, being
shorter in height (as measured across the membrane layers) and wider in
width (as measured across the flattened membrane width). Alternatively, if
a great plurality of membrane layers is employed the pipe cross-section 4
EP 0 296 881 B1 can also be rectangular, but this time taller in height
(across the stack) and narrower in width (across the flattened membrane
width). Further, if tubular membranes of different widths are employed a
multiple layer sandwich of even circular or oval cross-section can be
produced; in such an instance the opening (27) in assembly 24 may be 5
circular or oval, as the case may be. The significant design, however,
employs a stack of square cross-section, assembly 24 being character- ized
by a square opening 27. The tubular membranes and associated permeate and
retentate spacers are layed flat in said module, sandwiched horizontally
between the horizontal top and bottom elements 28. 10    Inside of the high
pressure cartridge module assembly 20 is the membrane stack 34, as
illustrated in Figure 6, comprised of longitudinally flattened tubular
membranes 36, as shown in one end of the 



compartment. Retentate spacers 40, permeable to the feed, are shown
interspaced between the tubular membranes 36, however, not extending all
the way to the ends of the tubes in clamp tube assembly 38 as fitted in
said clamping assembly 24. The membrane assembly 35 as seen in Figure 7
contains a flattened 15  tube 36, being a semipermeable membrane having
permeate spacer 42 inserted therein with the retentate spacer 40 on top and
bottom. The clamped tubular assembly 38 is comprised of a number of these
tubular arrangements, one on top of another, forming retentate
spacer-to-membrane contact within the high pressure chamber. However, in
the clamped tube assembly 38 membrane-to-membrane contact is estab- lished
by virtue of the fact that retentate spacer 40 is not included between the
membrane tubes. However, 20 the permeate spacer 42 is extended the full
length of the tube throughout the clamp assembly 38, thereby keeping the
ends of each membrane tube open and, thus, allowing permeate to escape the
membrane tube interior from the pressure-resistant module assembly 20, and
through permeate outlet 18 for collection. Openings 15 in side wall element
26 permit entry of the solution mixture into the module along the edges of
the membrane stack. These openings 15 may not extend any length of side
wall element 26 which would 25 thus reduce the exit flow velocity and
create dead zones, but may take the form of numerous perforations in said
side wall to facilitate contact of the feed solution with and along the
edges of the tubular membrane stack. Materials for the housing element and
mechanical clamping elements of the module can be metal, plastic, or a
molded resin. 30    Tubular membranes may be selected from regenerated
cellulose, polyimide, polysulfone, polyurethane and other semi permeable
membranes suitable for use in the permeation processes for which this
apparatus is intended. Permeate spacers are selected from Simplex[err],
Tricot and are generally comprised of a stiffened dacron. Retentate spacers
are selected from Vexar[err] or woven cloths which are compatible in the
system (and are generally comprised of polyethylene/polypropylene material)
but can be made of the higher temperature-resistant materials, such as
nylon, polysulphone, fiberglass, etc. Sealant which can be used around the
clamping assembly 24 to hold in the solution or the retentate around
opening 27 during the permeation process can be epoxy or silicone sealant.
If sufficient layers of 40 membrane are used in the stack, mechanical
clamping may be sufficient to form a fluid-tight seal without use of
sealants. The process of operating the membrane separation apparatus for
solvent collection generally involves passing a feed under elevated
pressure through the inlet port 14 on the housing 10 with the pressure
driving the feed through opening 15 into the high pressure module 20
containing the membrane stack 45 assembly 34. Because of the applied
pressure, solvent from the feed permeates through the membrane and travels
through the flattened tube 36 via permeate spacers 42 and through the
clamping assembly 24 to collection outlet 18. The retentate travels under
pressure through the high pressure module 20 and membrane stack assembly
34, through the feed spacers 40 and exits the module via opening 15(A) and
leaves the assembly via the retentate outlet 16. EXAMPLE OF THE OPERATION
OF THE APPARATUS IN DEWAXING PROCESS A sandwich of semipermeable membrane
(regenerated cellulose, obtained from Spectrum Medical Industries, No.
32670 Vexar[err] and Simplex[err] of required length was layered into a
square package as 55 depicted in Figure 6. This sandwich differs from the
spiral wound sandwich in that a membrane tube is flattened, eliminating an
edge seal. The end seal is made by clamping the membrane plus Simplex (no
Vexar) sandwich in a mechanical seal to form membrane-to-membrane seals in
the stack arrangement, but still allowing inner tubular space for permeate
to exit via the permeate spacers from the tube end openings. 5  



EP 0 296 881 B1 If an edge gasket is required in the clamping assembly it
can be made from a silicone or epoxy sealant and allowed to harden. Use of
an edge gasket is preferred to avoid total reliance on mechanical pressure
seals. Assembly of the Membrane Unit 5 The membranes were assembled into a
stack of 80 flattened tubular sheets using 40 tubes folded in half as
described below complete with Simplex and Vexar spacers (see Figure 6). The
membrane tube which was 10.2 cm (4") wide when flattened was cut into 1.98
m (6'6") lengths, folded in half and two 96.5 cm (3'2") lengths of Simplex
slid into each half of the membrane tube. A shorter length of Vexar 71.1 cm
10  (2'4") was laid between each folded membrane (See Figure 7). The width
of the Simplex was slightly smaller than 10.2 cm (4"), with the Vexar being
10.2 cm (4"), which is the same as the width of the flattened membrane
tube. This square membrane package was then clamped between the faces of a
single end disc using  two bolts through bolt holes 32 in clamp pieces 24
(see Figure 4). A pressure seal was obtained by using a 15 silicone sealant
to fill the small space between the membrane edges and the end disc opening
27. The four membrane protector plates, comprising horizontal and vertical
elements 26 and 28, were then added, prior to insertion of the cartridge
module into the pressure housing. A 15.2 cm (6") diameter "O" ring was
slipped into groove (A) in the circumference of end disc 24, see Figure 5,
and the whole package slid into the housing shown in Figure 1. The assembly
was recessed 2-1/2" into the housing so that the package extends through
the opposite end of the housing, thereby permitting one to attach the
opposite end disc but no seal was needed since the membrane was used in a
folded configuration. An "O" ring was also added to that end disc and the
assembly centered in the housing so that the end discs were flush with the
other flange face. Membrane lengths at the open end extending through the
end disc were trimmed so that when the 25  blind flange was bolted onto the
module with a gasket a pressure seal can be maintained. The "O" ring at
either end of the cartridge in the circumference of the end discs is to
seal the high pressure feed retentate zone from the low pressure permeate
zone. Operation of the Unit 30 'The feed  enters the pipe at point 14 (see
Figure 1) and travels across each membrane surface (along the Vexar
channels) to exit at point 16. The solvent, which permeates the tubular
membrane, travels to either end of the package via the Simplex cloth to
exit at point 18. The maximum length of the pipe (and membrane  package) is
determined by the pressure drop across the Simplex. A nominal length for
Simplex, 35 to give maximum permeate and minimum pressure drop, is 1.22 m
(4'), therefore, with 2 permeate exits a maximum membrane length of 2.44 m
(8') could be achieved. The test unit was 96.5 cm (38") long with provision
for permeate exit at both ends. However, only one exit was used by
employing membrane tubes folded over. 40  Test Results The membrane used in
each text was 100 mm (4") flat width regenerated cellulose tubing obtained
from Spectrum. Its physical properties are shown in Table I, together with
the flux results obtained in a laboratory flat plate, single membrane layer
unit. These values will be used to compare those obtained by 45 the test
unit. 50 55 6 



EP 0 296 881 B1 TABLE  I MEMBRANE  PROPERTIES Source:
Spectrum  Medical  Industries Regenerated Cellulose Tubing Flat Width:
100  mm  (3.94") M.W. Cutoff                   6000-8000 Thickness
66 [err] 15     Flux  (err)               2858  kPa           2858  kPa
8370  kPa (400  psi)          (800  psi)          (1200  psi) Water
0.10                0.08                - 20 Methanol
0.096                0.09               - MEK                         0.218
0.22  (0.31)   0.06 26 The design concept was evaluated in the first test.
Only ten membrane envelopes complete with Vexar and Simplex were used to
assemble the element. Several rubber strips were employed to occupy the
unpacked volume. The pressure seal was first evaluated using methanol at
1135 kPa (150 psi). As methanol is not 30  permeable to the untreated
membrane, testing for leaks was made easier. No permeate  flux or any leaks
were observed. See Table II. Permeabilities of water, methanol and MEK were
then determined at 1135 kPa and compared to those obtained in the
laboratory at 2858 KpA, using unhindered flat sheet membrane. The predicted
values for the test unit, when corrected to the high pressure, compared
favorably with lab data. Selectivity data, using a 35  feed solution of a
deasphalted lube oil in MEK, gave 4.3% oil in permeate for a feed solution
containing 20% MCT-30 lube oil in MEK solvent (hence 78.5% selectivity)
which was as expected and, thus, confirmed the absence of leaks. Thus, a
stable, leak free apparatus, suitable for reverse osmosis, had been
demonstrated. 40 45 56 7    EP 0 296 881 B1 TABLE r r TEST 1 5
Membrane Area = 1.7548 [err] No. of Membrane Tubes = 10 (4" x 34") Packing
= 3 x 1" x 4" 36" rubber strips 10 Pressure Test - Methanol @ 1034 kPa (150
psi) - No flux Leaks Flux (Sequentially Testing Water, MeON and MEK) 



15                Water 0.41 [err] (896 kPa) (130 psi) 0.126 [err] (400
psi) calc'd MeOH 0.043 m3/m2/d (896 kPa) (130 psi) 0.132 m3/m2/d (2758 kPa)
(400 psi) calc'd 25                  MEK 0.052 m3/m2/d (896 kPa) (130 psi)
0.16 [err] (2758 kPa) (400 psi) calc'd 30   Selectivity Feed Solution
Composition - 20%  600N in MEK 35                Permeate Composition -
4.3% oil (896 kPa (130 psi) operating pressure) Selectivity = 78.5% 40
At Flux - 0.04 [err] (896 kPa) (130 psi) 45 50 55 8    EP 0 296 881 B1
TABLE III PROCESS FLOW REQUIRED FOR  15.2cm (6") DIAMETER ELEMENT Total
Area = 103.2 [err] Hydraulic Area = 103.2-41.2 = 62 [err] 10
Flow  Rate                               Velocity ( Gals /Min
[err] 0.46         (6.1)                                       6 0.60
(7.9) 0.90        (11.8)                                     12 20     Best
performance from the module for low viscosity systems will be obtained
using stream velocities of 6 to 12 cm/s. Process Flow 25     The optimum
flow velocity for the square multi-leaf package is expected to be similar
to that in a spiral wound configuration of 6-12 cm/s. 30 35 40 45 50 55    
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(270 [err], a membrane area of 1500 m2 (16,000[err] can be obtained.
However, using the ENKA membranes of 17 mm thickness, packing densities of
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0 4)~~~~                  .i~- 40 The 15 cm (six inch) diameter prototype
model could be scaled up for the large areas required in 50  commercial
applications. Examples of pipe, up to 50 cm (20") in diameter and 6 m (20')
in length, are tabulated in Table IV. Using a packing density as obtained
using the 10 cm (4") membrane of 886 [err] (270 [err], a membrane area of
1500 [err] (16,000[err] can be obtained. However, using the ENKA membranes
of 17 mm thickness, packing densities of 1116 [err] (340 [err] are
expected. 55  Claims 1. A membrane separation apparatus for separating a
feed mixture into a permeate stream and a retentate stream comprising: 10
(a) a housing (10) having means for feed inlet (14), retentate outlet (16)
and permeate outlet (18); (b) a pressure-resistant compartment (20), having
feed inlet (15) and retentate outlet (15A) in nominal register with the
feed inlet (14) and retentate outlet (16) of the housing (10), disposed
within said housing, said pressure-resistant compartment being disposed
within said housing and being capable 5.       of withstanding operating
pressures, either applied pressure or vacuum. 



(c) a plurality of flattened tubular semipermeable membranes (36), arranged
in a parallel stack arrangement, and separated individually by permeable
feed spacers (40) which do not extend to the full length of the tubular
membrane at each end longitudinally, each tubular membrane internally
containing a permeate spacer (42) extending the full length of said
membrane tube and each 10       flattened tube being open at both ends, the
feed spacers and flattened tubes containing the permeate spacer being
alternately longitudinally layered to form a stack (34) disposed in said
compartment (20); (d) clamping means (24) sealing the membrane stack ends
(38) under pressure to prevent the feed from exiting the compartment (20)
through the membrane envelope layers (36) to the permeate side, 15
the clamping means longitudinally positioning and maintaining the tubular
membranes stack in the compartment by clamping tubular open ends (38) in
the arrangement forming membrane-to- membrane seals, such that during
operation the permeate permeating through the membranes exits internally
from the membrane envelope via the permeate spacer into the permeate
outlet, while the retentate exits through the retentate outlet. 20 2. The
apparatus of claim 1 wherein the pressure-resistant compartment is capable
of withstanding an applied pressure of 3448 kPa (500 psig) or more.
PatentansprUche 26 1. Membran-Trenngerat zum Trennen einer
Einsatzmaterialmischung in einen Permeatstrom und einen Retentatstrom, das
(a) ein Gehause (10) mit Einrichtungen zum EinsatzmaterialeinlaB (14),
RetentatauslaB (16) und- PermeatauslaB (18); 30       (b) eine
druckbestindige Zelle (20), die EinsatzmaterialeinlaB (15) und
RetentatauslaB (15A) in nomineller PaBgenauigkeit mit dem
EinsatzmaterialeinlaB (14) und RetentatauslaB (16) in dem Gehause (10)
aufweist und innerhalb des Gehauses angeordnet ist, wobei die
druckbestandige Zelle innerhalb des Gehauses angeordnet let und in der Lage
ist, den BetriebsdrOcken, entweder ausgeObtem Druck oder angelegtem Vakuum,
zu widerstehen, 35       (c) mehrere abgeflacht rohrformige, semipermeable
Membranen (36), angeordnet in einer Parallel- stapelanordnung und
individuell durch permeable EinsatzmaterialdistanzstUcke (40)i getrennt,
die sich nicht Ober die volle Linge der rohrformigen Membran bis zu jedem
Ende in Llngsrichtung erstrecken, wobel jede rohrf6nmige Membran innen ein
Permeatdistanzstack (42) enthAlt, das sich Ober die volle Il.nge des
Membranrohrs erstreckt, und jedes abgeflachte Rohr an beiden Enden :40
offen ist, wobel die Einsatzmaterialdistanzst~cke und die abgeflachten
Rohre, die das Permeatdist- anzstUck enthalten, altemierend in
LAngsrichtung geschichtet werden, so daB sie einen Stapel (34) bilden, der
in der Zelle (20) angeordnet ist, und (d) Befestigungsmittel (24) umfaft,
die die Enden des Membranstapels (38) unter Druck verschlieBen und
verhindern, daB das Einsatzmaterial die Zelle (20) durch die
Membranumh~llungsschichten (36) 45       zu der Permeatseite hin verlaBt,
wobei die Befestigungsmittel den Rohrmembranstapel in der Zelle in
Llngsrichtung positionieren, indem sle die offenen Rohrenden (38) in der
Anordnung befestigen, wobei sie Membran-zu-Membran-Verschlisse bilden, so
daB wahrend des Betriebs das Permeat, das durch die Membran hindurchtritt,
innen aus der Membranumhallung Uber das Permeatdistanz- stack in den
PermeatauslaB austritt, wahrend das Retentat durch den RetentatauslaB
austritt. 50 .2. Gerdit nach Anspruch 1, bei dem die druckbestlindige Zelle
in der Lage ist, einem ausgetbten Druck von 3448 kPa (500 psig) oder mehr
zu widerstehen. Revendications 



65 1. Appareil de separation A membrane servant a s~parer un mdlange
d'alimentation en un courant de permdat et un courant de retentat
comprenant:    EP 0 296 881 B1               11IIII huB I111 11 I!11 (a) un
logement (10) comportant des moyens pour l'entrde (14) de l'alimentation,
pour la sortie (16) du rdtentat et pour la sortie (18) du perm~at; (b) un
compartiment resistant . la pression (20), comportant une entree (15) pour
l'alimentation et. une sortie (15A) pour le retentat, dans une position
nominale align6e avec l'entrde (14) pour 5        lIalimentation et la
sortie (16). pour le r~tentat du logement (10), dispose a l'int~rieur dudit
logement, ledit compartiment resistant h la pression 6tant disposE A
lint~rieur dudit logement et pouvant resister aux pressions de
fonctionnement, solt une pression, soit un vide appliquE; (c) une pluralit6
de membranes tubulaires aplaties semi-perm6ables (36), dispos~es selon une
-disposition empile parallble, et s~pardes individuellement par des
entretoises perm~ables pour 10       l'alimentation (40), qui ne s'Etendent
pas sur toute la longueur de la membrane tubulaire, longitudi- nalement a
chaque extremit6, chaque membrane tubulaire contenant en son intdrieur une
entretoise (42) pour le permdat, qui s'etend sur toute la longueur dudit
tube a membranes, et chaque tube aplati 6tant ouvert a ses deux extr~mit~s,
les entretoises pour l'alimentation et les tubes aplatis contenant
l'entretoise pour le permdat 6tant disposds suivant des couches alterndes
longitudinale- 16        ment de manibre a former une pile (34) disposee
dans ledit compartiment (20); (d) des moyens de serrage (24) pour
Etanch~ifier les extrdmit~s (38) de la pile de membranes, sous pression et
emp~cher a l'alimentation de sortir du compartiment (20) a travers. les
couches enveloppes (36) de la membrane en direction du c8tE du permeat, les
moyens de serrage positionnant et maintenant longitudinalement la pile des
membranes tubulaires dans le compartiment '--'20      par serrage des
extrdmit~s tubulaires ouvertes (38) dans l'agencement formant des joints
d'itanchl- tE membrane-a-membrane, de sorts que pendant le fonctionnement,
le permidat, qui traverse les membranes, sort int~rieurement de l'enveloppe
de la membrane par l'intermediaire de l'entretoise pour le permdat de
manibre a p~n~trer dans la sortie du perm~at, tandis que le r~tentat sort
par la sortie du r~tentat. -25 2. Appareil selon la revendication 1, dans
lequel le compartiment resistant a la pression est apte A resister a une
pression appliquee de 3448 kPa (500 psig) ou plus. 30 :85. 40 . 46. '50 12


