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ABSTRACT OF THE DISCLOSURE 
An apparatus and method for extracting solvents from 

pressurized solutions and suspensions by flow through a 
semipermeable membrane. A membrane is supported on 
a surface of a tubular support, which surface is com 
posed of planar surface segments and has fluid flow 
passageways spaced along the vertices of the angles 
formed by said planar segments. The membrane and 
support are rotated about the longitudinal axis of the 
Support while a pressurized solution is maintained in 
contact with the membrane. Solvent diminished in solute 
content passes through the membrane by reverse osmosis 
and is withdrawn from the interior of the tubular sup 
port. 

This invention relates to improved methods and 
apparatus for extracting solvents from pressurized solu 
tions and from suspensions by means of osmotic mem 
branes and ultrafine filters. This invention particularly 
relates to methods and apparatus for mounting mem 
brane filters on and within tubular supports in such a 
manner that the necessary imposed solution pressure sub 
jects the membrane filter to a single compressive stress 
normal to the supporting surface and which method of 
Support prevents any lateral stress and strain on the 
Working areas of the membrane filter. This invention also 
relates to the isolation of unavoidably stressed areas and 
to the identification and sealing of damaged and/or 
physically imperfect parts of desalinizing membranes 
and membrane filters. 

In my copending application, Ser. No. 418,574, filed 
Oct. 22, 1964, entitled "Centripetal Acceleration Method 
and Apparatus' (whose disclosure is hereby incorporated 
herein by reference), novel methods and apparatus are 
described for extracting solvents from solutions and 
from suspensions by means of reverse osmotic and 
ultrafiltration techniques. The novel methods to which 
that application is directed involve a rotating assembly 
by which the solution and the membrane are subjected 
to centripetal acceleration greater than the acceleration 
of gravity and in a direction away from the membrane 
surface. The effect of such acceleration is to promote 
convection within the solution so that any increase of 
volumetric density over that of the main body of solu 
tion results in instantaneous mass transfer away from the 
membrane surface. 
The rotating apparatus described in said copending 

application as being preferred for carrying out said proc 
ess is comprised of one or more perforated tubular sup 
ports having cylindrical or conical surfaces upon which 
membrane filters are mounted over laterally permeable 
solvent collecting media. These membranes and supports 
are concentric within one or more solution-filled pres 
sure shells from which the solvent is to be selectively ex 
tracted by passage through the membrane filters. 

Because membrane filters and their laterally perme 
able linings over the perforated supports ordinarily used 
in reverse osmosis and ultrafiltration processes are al 
ways somewhat compressible when mounted upon cylin 
drical and conical convex surfaces, the membrane filters 
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are also subject to lateral compressive stress and strain 
(as a direct function of 2nt times the change in radial dis 
tance from the axial center) in addition to the compres 
sive stress normal to the supporting surface. Such lateral 
compressive strain of membrane filters which are cylin 
drically supported is evidenced by random longitudinal 
folds and creases which deleteriously change the filtering 
and osmotic characteristics of the membrane filter. 

Similarly, when membrane filters are placed on the 
inside of restraining perforated cylinders the hydraulic 
pressure of the solution exerts radially compressive forces 
which consequently cause the membrane filter to stretch 
and to split longitudinally at random because of the 2nt 
relation of peripheral length to radial distance. Such 
tensile stresses also result in undesirable changes of 
membrane filter performance in separating solvent from 
the pressurized solution and/or liquid from the sus 
pension. 

In accordance with the present invention, a membrane 
filter support structure has now been developed which 
effectively overcomes the shortcomings of the cylindrical 
and conical mounts described above, yet makes feasible 
the use of tubular membrane supports. 

It is, accordingly, a primary object of this invention 
to provide convenient and economical tubular mounting 
structures which have a series of adjacent planar Sur 
faces, as opposed to cylindrical and conical surfaces, 
which thereby eliminate all destructive lateral stresses in 
membrane filters, except at the dihedrals formed by the 
junction of adjacent planar surfaces. 

In addition to the foregoing, cylindrical mounts as dis 
closed in - my copending application Ser. No. 418,574 
are less satisfactory than the multiplanar, tubular mem 
brane filter supports of the present invention because in 
the former, the centripetal acceleration is constant at 
every point throughout the cylindrical surface. The multi 
planar supports of the present invention add the very 
desirable effect of imparting greater centripetal accelera 
tion to the solution at the dihedrals than at the longi 
tudinal median axes of the planar surfaces, thereby caus 
ing forced transverse lateral circulation of the solution 
over the membrane filter surface from the longitudinal 
median axis to the dihedral which fluid flow is markedly 
helpful in lowering boundary layer concentration of 
solute and in reducing the physical blinding rate of ultra 
filters. 

In addition, it has been found impractical to perforate 
the supporting tubular structures on the planar mem 
brane support surfaces because of the difficulty of bridg 
ing the perforations with laterally permeable material so 
that the membrane shows no depression, and therefore, 
lateral strain under the necessary hydraulic pressure of 
the solution. 

It is, therefore, also an object of this invention to make 
all support perforations at the dihedrals along lines 
where the flexed and stressed membrane is deliberately 
made impervious, as will be hereinafter described. Thus, 
the major areas of the membrane filter support of this 
invention are comprised of very smooth, flat, uninter 
rupted multiplanar surfaces. 

Laterally permeable materials suitable as a membrane 
base covering the tubular support exhibit, in varying de 
grees, a gasketing effect and reduction of lateral perme 
ability under pressure. (A "gasketing” effect becomes 
apparent when the pressure-water flux curve departs 
from the initial straight line is viscous flow.) This pres 
sure gasketing effect with reduction of lateral perme 
ability is in inverse function of the peripheral length of 
the total apertures and a direct function of the compress 
ibility of membranes and of the laterally permeable 
support materials. 

It is therefore, also an object of this invention to mini 
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mize the pressure gasketing effect of laterally permeable 
materials used as membrane backing, through connection 
of all perferations along the dihedrals by a longitudinal 
groove no deeper than the maximum distance between 
chord and arc so as to maximize the peripheral length of 
the bleedings apertures and with weakening the structural 
resistance to deformation. 

In the use of Semipermeable membranes such as have 
been described above, such membranes may frequently 
have pin-holes or other imperfections in their body. Un 
less Such imperfections are sealed, it is apparent that the 
membrane containing them will be ineffective to the ex 
tent of such imperfections and, if they are great enough, 
the membrane will not be useful in carrying out its in 
tended function in the process and apparatus of the pres 
ent invention. 

It is, accordingly, a further object of the present inven 
tion to provide a procedure for and means by which such 
imperfections can be located and eliminated. 
My copending application Ser. No. 418,574 relates to 

a rotatable apparatus generating centripetal acceleration 
and thereby forcing convective mass transfer of solute 
enriched solvent away from the membrane filter surface. 
In cases in which the solute has greater density than the 
solvent, the filter membranes can be usefully mounted 
upon the outer surface of the tubular support contained 
within its pressure shell. When the reverse is true, a 
similar effect is achieved by mounting the semipermeable 
membrane on the inside of the tubular support. 
When the solution from which solvent is being ex 

tracted contains a relatively low concentration of solute, 
and particularly in the case that all particulate matter and 
basteria have been previously removed (as, for example, 
the first stage product of the desalinizing process described 
in Said copending application), it may be sufficiently eco 
nomical to depend upon solution flow over the membrane 
Surface without centripetally induced convection to aug 
ment the diffusion of solute away from the osmotic mem 
brane surface. In such case, the necessity of a solution 
pressure shell can be eliminated by mounting an osmotic 
desalinizing membrane on inner and outer surfaces of a 
plurality of generally concentric tubular supports. 

It is, therefore, another object of this invention to pro 
vide a non-rotatable assembly of a plurality of concentric 
tubular membrane supports with membranes mounted on 
the inside of one tube and on the outside of the other tube, 
which requires no solution pressure shell and thereby re 
duces the necessary assembly structure weight by approxi 
mately half. 
These and other important objects and advantages of 

the present invention will become more apparent in ac 
cordance with the ensuing description and claims, as well 
as in connection with the appended drawings wherein: 
FIGURE 1 is a longitudinal section of a rotating ap 

paratus incorporating two single stage membranes ar 
ranged in parallel relationship in accordance with the 
present invention; 

FIG. 2 is a transverse section along line 2-2 of FIG. 1; 
FIGS. 3 and 4 are enlarged fragmentary sections of 

membrane supports having membranes respectively 
mounted externally and internally on the planar surfaces 
of said supports; 
FIG. 5 is an enlarged fragmentary section of a mem 

brane Support having an externally mounted membrane 
and which is adapted to permit the identification of im 
perfections in such membrane; 

FIG. 6 is a longitudinal section through apparatus 
which is non-rotatable but which incorporates novel fea 
tures in accordance with the present invention; and 

FIG. 7 is a transverse section along line 7-7 of FIG. 6. 
To facilitate the description of the inventions to which 

this application is directed, brief reference will be made 
to said copending application S.N. 418, 574. FIG. 1 of 
that application sets forth a flow sheet diagram illustrat 
ing the sequence of fluid flow utilizing the novel centrip 
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etal accelerator to which that case is directed in connec 
tion with the desalination of sea water. The structure ill 
lustrated in FIGS. 1 and 2 of this application is capable 
of being directly substituted for the rotating membrane as 
sembly 18 illustrated in FIG. 1 of said copending appli 
cation and, as may be seen by the construction of the ap 
paratus of FIGS. 1 and 2 in this case, the latter apparatus 
is capable of being substituted for the structure of FIGS. 
4 and 5 in said copending application, it being understood 
that the various operating conditions set forth in said co 
pending application for the structure of FIGS. 4 and 5 
therein are equally applicable to the structure of FIGS. 
1 and 2 in this application. 
With the foregoing considerations in mind and with the 

further consideration that the structure of FIGS. 1 and 2 
herein is to be described in connection with the extrac 
tion of potable water from salt water and/or organically 
polluted water, these figures illustrate a rotating apparatus 
incorporating a plurality of single stage osmotic mem 
branes, both of which reject a common concentrated solu 
tion and extract a common product of reduced solute con 
tent from a common feed of solution. In this apparatus, 
pressurized Solution enters rotating shaft injection gland 
10 to flow axially under self-aligning bearing 12, then 
through a radial feed injection manifold 14. From radial 
injection manifold 14, the solution enters the concentric 
chambers 16 and 18 through openings 20 and 22. Water 
Substantially reduced in solute content by passage through 
osmotic membranes 24 and 26 is forced respectively 
through laterally permeable backing material 28 and 30, 
through apertures 32 and 34 in membrane supports 36 
and 38, into concentric water chamber 40 and into cen 
tral water chamber 42. Product water concentrated in 
solute content from concentric Water chamber 40 is con 
ducted around impervious concentric separator 44 by 
product water by-pass 46. The product water is bled from 
the assembly through axial port 48, then through shaft 
outlet gland 50. 
Water is concentrated in solute content leaves the conº 

centric chambers 16 and 18 through manifold 52, then 
through axial outlet gland S4. The concentration of solute 
in the rejected solution is controlled by regulating the dis 
charge flow through the concentric membrane assembly 
by adjusting valve 56. Valve 56 reacts to a salinity 
meter (not shown) reading product salinity and limits 
the solution concentration ratio. 
A suitable cylindrical pressure shell 58 contains the ap 

paratus described above, this pressure shell and the asso 
ciated elements described above being maintained in fluid 
tight relationship within a main body section indicated 
generally at 60 by means of a plurality of O-rings 62. 
As is most clearly illustrated in FIG. 2, membrane Sup 

ports 36 and 38 have an exterior configuration which is 
prismatic in nature, the specific prisin illustrated in FIGS. 
1 and 2 being octagonal. A plurality of through-bores 32 
are longitudinally spaced along each lateral edge 64 of 
the prisimatic support 36, such bores, as clearly illustrated 
in FIG. 2, being radially extending. A similar series of 
through-bores 34 are provided in a longitudinally spaced 
manner at the lateral edges 66 of prismatic support 38, 
also in a radially extending manner. These through-bores 
may suitably be about A6 of an inch in diameter and 
spaced longitudinally along each of the lateral edges at 
which they are positioned at approximately one inch in 
tervals. 

Also provided at each of the lateral edges 64 and 66 
of prismatic supports 36 and 38, respectively, are trench 
like channels 68 and 70 which are about A6 inch wide, 
which serve to connect each of the through-bores along 
a given lateral edge of a prismatic support and which also 
serve to accommodate the inwardly folded membrane 
and its laterally permeable backing material. These chan 
nels preferably should be no deeper than the distance be 
tween the chord and arc of the planar surfaces of sup 
ports 36 and 38 so as to maintain maximum structural 



3,396,103 
5 

strength in the support. Since the maximum distance be 
tween chord and arc is 0.0192 times the radius of the tu 
bular support, this will serve as a limit on the depth of 
said channels. 
The operation of the structure described above may 

best be illustrated by reference to FIG. 3, which illus 
trates an enlarged fragmentary section of a membrane 
support having a membrane mounted on the external 
planar surfaces of the support. In this figure, the mem 
brane support is identified by the numeral 200, the semi 
permeable membrane by 202, the laterally permeable 
backing material by 204, the through-bores at the di 
hedrals by 206, and the longitudinally extending channels 
connecting through-bores 206 along the dihedrals by 208. 
The subjecting of the membrane mounted on its support 
to moderate pressures causes an initial compression ridge 
210 (shown by broken lines in FIG. 3) to form in the 
membrane at each of the lateral edges (dihedrals) with 
which it is in contact. As pressure on the membrane is 
increased, this compression ridge folds inwardly into the 
accommodating channels 208, which phenomenon is 
clearly shown in full lines in FIG. 3. 
As will be apparent, the size of channels 208 must be 

sufficient to accommodate the inwardly folded membrane 
202 and its underlying backing material 204. If channels 
208 are not too deep, the membrane portions at the com 
pression ridge fold lines will not be placed in tension but, 
on the contrary, will remain in slight compression. As a 
result, no damage to the membrane as a consequence of 
the formation of the compression ridges or the folding 
of such ridges into channels 208 will result. If, on the 
other hand, channels 208 are too deep, the membrane 
portions at these compression ridge fold lines may be 
damaged from the standpoint of their filtering capacity, 
and it therefore will be desirable to repair such damage 
to avoid leaks at such points. This may readily be accom 
plished by removing the membrane support from the as 
sembly in which it and its membrane is mounted follow 
ing an initial application of hydraulic pressure sufficient 
to cause the membrane 202 and backing material 204 to 
fold into channels 208. Following such removal, the 
stretched (and thus damaged) portions of the membrane 
directly overlying each dihedral and now inwardly folded 
are capped with an impervious material 211, such as 
ladies' fingernail lacquer or any plastic cement which is 
compatible with the material of the membrane and im 
pervious to the fluid with which it will come in contact, 
to preclude the possibility of leaks at such points. The 
thus treated membrane assembly is then replaced in its 
pressure shell and operation of the entire assembly re 
sumed under normal operating conditions. 
As shown in FIG. 3, the edges 213 of channels 208 

should be rounded to prevent possible perforation or 
other damage to the membrane 202 as it folds down 
wardly into the channels. 
The enlarged fragmentary section illustrated in FIG. 4 

shows the technique of mounting a semipermeable mem 
brane on the interiorly located planar surfaces of a mem 
brane support. The assembly illustrated in FIG. 4 in 
cludes a semipermeable membrane 212 mounted on in 
teriorly located planar surfaces 214 of membrane Support 
216 with laterally permeable membrane backing material 
218 being interposed between the two. As was the case 
with the structure of FIG. 3, through-bores 220 are pro 
vided at the dihedrals though, in this embodiment, con 
necting channels 221 connecting through-bores at a given 
dihedral are provided in an internal bead 223 formed at 
each internal dihedral. Each of such channels 221 is only 
as deep as the bead 223 in which it is formed So as not 
to unduly weaken the membrane Support structure. Since 
compression ridges such as were formed in the externally 
mounted membrane structure of FIG. 3 do not form with 
the use of the structure of FIG. 4, it is not necessary for 
channels 221 to be sufficiently large to accommodate the 
membrane and its underlying backing material. 
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6 
For ease of application of the membrane, the mem 

brane 212 and backing material 218 are cut respectively 
into individual strips 212 and 218, 212' and 218', 
212' and 218', etc., each the approximate size of the 
planar surface they are to overlie. The junctures between 
such membrane strips are sealed with pressure sensitive 
adhesive vinyl tape or other impervious material 222 to 
prevent leaks. When the membrane is roughly in place 
and the hydraulic pressure is applied, each strip will lie 
flat against its respective planar surface because the pres 
sure sensitive adhesive has insufficient strength to stress 
the membrane surface in tension. 

In addition to the functions previously described, the 
longitudinal channels provided at each of the lateral edges 
also serve the important function of increasing the perme 
ability to fluids passing through the membrane to the col 
lecting side of the prismatic support, Increased drainage 
from each lateral face of the prismatic supports results 
from decreasing the pressure drop on the underside of 
the membrane, as a result of the presence of the longi 
tudinal channels. This provides a significant additional 
advantage in connection with the apparatus of the pres 
ent invention since all pressure drop is reflected by an 
increased pumping energy requirement. 

In addition to eliminating the damaging lateral strain 
associated with the mounting of semipermeable mem 
branes on cylindrical supports as described above, the use 
of prismatically configured membrane supports serves an 
other significantly useful purpose. More particularly, 
when a particle is rotated about an axis, it is accelerated 
perpendicularly away from the axis. Such centripetal ac 
celeration, as is clearly set forth in said copending appli 
cation Ser. No. 418,574, is expressed by 

where: 
a is centripetal acceleration in feet per second; 
r equals particle distance away from the axis of ro 

tation in a direction perpendicular to such axis; 
and 

c) is the angular velocity in radians per second. 
Since the radial length between the lateral edges of a 

given prismatic, tubular support and the longitudinal axis 
of the Support, on the one hand, and a line drawn from 
Said axis to the median longitudinal axis of a given 
lateral face, on the other hand, are unequal to one an 
other (the former being the greater of the two), the 
centripetal acceleration of the solution will be greater at 
the lateral edges than at any other portion of the lateral 
faces of the prismatic support. As a result, there will be a 
tendency for the denser solution to flow from the centers 
of the lateral faces toward the lateral edges of the pris 
matic support, which aids in the dispersal of solute back 
into the Solution. As will be clear, this induced flow across 
the membrane will further serve to remove undesirable 
concentration of salts and the like from the phase inter 
face and thereby increase the efficiency of the mem 
brane separative process. 

It was previously pointed out that membranes such as 
may be used in practicing the present invention may fre 
quently have pin-holes or other imperfections which may 
limit or impair their effectiveness. This difficulty may be 
eliminated in accordance with an embodiment of the 
present invention such as is illustrated in FIG. 5. 
The fragmentary and enlarged structure shown in FIG. 

5 is similar to that shown in FIG. 3 except that the mem 
brane layer and its supporting layers have not yet been 
subjected to pressure and have, accordingly, not been 
stressed. As shown in this figure, a membrane support 230 
is provided with through-bores 232 at each of its dihe 
drais, the through-bores at a given dihedral being con 
nected by a channel 234. Supported by the planar faces 
236 of support 230 is a semipermeable membrane 238. 
Interposed between membrane 238 and support 230 is 
the laterally permeable backing material 240. 
To this point, the structure described does not differ 
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from the previously described exteriorly - mounted mem 
brane assemblies. The structure of FIG. 5 does differ from 
such other structures, however, in that interposed between 
membrance 238 and backing material 240 is a layer of 
filter paper 242 whose porosity is normal to its surface. 
This filter paper layer, if fine enough, serves to permit 
the location of imperfections in the membrane as follows: 
During the initial application of pressure to the men 
brane assembly and before such assembly is removed 
from its pressure shell for the application of the im 
pervious capping over the stressed portions of the mem 
brane at the dihedrals (as previously described with re 
spect to FIG. 3), fine particles of a visible material (such 
as carbon black particles about 25 millimicrons in di 
ameter) are included in the solvent stream which is flow 
ing under pressure into the pressure shell. So long as the 
porosity of the filter paper 242 is such as to retain such 
fine particles (viz., in the case of the carbon black men 
tioned previously the pores of the filter paper should be 
less than 25 millimicrons), the filter paper will serve to 
identify any imperfections (such as pin-holes) in the 
membrane since the fine particles will pass through such 
imperfections and, being visible, wil leave a visible identi 
fying trace on the filter paper at that point. When the 
membrane assembly is removed from its pressure shell 
for the application of the impervious capping material at 
the dihedrals, the same impervious material can be em 
ployed to patch up the imperfections identified by the 
darkened filter paper. The patched membrane assembly 
can then be remounted in its pressure shell and the 
normal operation of the device begun. As will be appar 
ent, of course, the size of channels 234 must be such as 
to accommodate all three of the layers 238, 248 and 
242. 

In the description set forth above, as well as in said 
copending application Ser. No. 418,574, the various struc 
tures described were all adapted for rotation to pro 
vide the centripetal acceleration which forms the essence 
of a broad inventive concept developed by applicant. In 
FIGS. 6 and 7 of the present application, however, a 
structure is illustrated which is not adapted to be rotated 
but which is made feasible through the use of the planar 
surfaced support previously described in this application, 
as will be made more clear as this description proceeds. 
The structure of FIGS. 6 and 7 is particularly adapted to 
situations where the quantity of matter in the fuid to be 
treated is not great and where, as a result, the membrane 
blinding problems which otherwise would be created with 
a non-rotating apparatus to be employed do not present 
a serious obstacle to its operation. 
Once again, for ease of description, the structure and 

operation of the apparatus of FIGS. 6 and 7 will be set 
forth in connection with the desalination of sea Water. 
The apparatus of FIGS. 6 and 7 essentially comprises a 
saline water injection port 100 which is integrally con 
nected to end wall 102. An exit port 104 in turn is 
integrally connected to another end wall 106, the two end 
walls 102 and 106 being joined together with the outer 
tubular membrane Support 108 by means of suitable nuts 
and bolts 10. Mounted concentrically between end walls 
102 and 106 are a plurality of spaced tubular members 
of progressively larger diameter 112, 14, 116 and 108, 
respectively. 

Tubular members 112 and 116 are constructed similar 
ly to the prismatic members 36 and 38 in the structure of 
FIGS. 1 and 2. Thus, prismatic support 112 is provided 
with through-bores 118 spaced longitudinally at each of 
its lateral edges, longitudinal channels 120 connecting the 
through-bores 118 along the lateral edges, laterally 
permeable backing material 122 mounted about the pris 
matic support 112 and semipermeable membrane 124 
mounted about laterally permeable backing material 122. 
In a similar manner, prismatic support 16 is provided 
with through-bores 126, longitudinal channel 128, lateral 
ly permeable backing material 130 and semipermeable 
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8 
membrane 132. Tubular Support 114, on the other hand, 
has an outer periphery which is a circular cylinder in 
section and which, while provided with through-bores 134, 
contains a laterally permeable backing material layer 136 
and a semipermeable membrane 138 on its inner periph 
ery rather than on its outer periphery. Tubular support 
108 is similar to support 114 in that it has an outer pe 
riphery which is a circular cylinder in section and which 
contains a laterally permeable backing material layer 
135 and semipermeable membrane 137 on its inner pe 
riphery, through-bores 139 being provided at the dihe 
drals of support 108. Tubular supports 112, 114, 116 and 
198 are secured to end walls 102 and 106 by bolts 110 
and Sealed in a fiuid-tight manner by means of suitable 
O-rings 40. 
By virtue of the respective arrangement of the tubular 

Supports 12, 114, 116 and 108, annular chambers 142, 
144 and 146 are created, and a central collecting chamber 
148, as well. Connecting entry port 100 with annular 
chambers 142 and 145 are, respectively, ports 150 and 
52. A manifold 154 is connected to annular chamber 144 

and central chamber 48 by means of outlet ports 156 and 
158, respectively. A manifold 160 is similarly connected to 
annular chamber 144 and central chamber 148 by means 
of ports 62 and 64. Desalinated water leaves the ap 
paratus respectively through outlets 166 and 168 and 
passes into a collecting trough 41, which also serves to 
catch the output from through-bores 139 in membrane 
support 168. Of course, the assembly may also be oper 
ated in a vertical position. 
The operation of the apparatus of FIGS. 6 and 7 in 

volves the injection of pressurized saline water through 
inlet i00 and into annular chambers 142 and 146 through 
ports 150 and 152, respectively. Desalinated water is 
forced through membranes 132, 137, 124 and 138 and 
their respective underlying laterally permeable backing 
material and tubular supports into annular chamber 144 
and central chamber 148 and out through-bores 139. De 
Salinated water from the latter chambers 44 and 148 
enters manifolds 154 and 60 and leaves the apparatus 
through outlets 166 and 168. Saline water leaves the ap 
paratus through ports 161 and 163 and, ultimately, 
through outlet port 104. 
The prismatic outer configuration of membrane sup 

ports 112 and 16 prevents membranes 124 and 132 from 
being stressed undesirably as indicated previously in con 
nection with the structure of FIGS. 1 and 2. Membrane 
supports 114 and 108 are prismatically configured on 
their inner peripheries, however, in view of the fact that 
membranes 138 and 137 are supported on the interior of 
the tubular structures forming membrane supports 114 
and i8, in which case the stressing problems associated 
With externally supported membranes in a high pressure 
System are reversed and arise from tension rather than 
from compression. 
The structure of FIGS. 6 and 7 is particularly effective, 

notwithstanding its lack of rotation and the creation of the 
centripetal acceleration effect which is so significant to 
the Success of the structure of FIGS. 1 and 2, with feeds 
which are both colloid free and low in their solute content 
(viz., in the case of Saline water, the salt content should 
be less than about 10,000 p.p.m. of salt). Feeds of this 
type will not create such serious boundary layer concen 
tration problems which otherwise would be involved with 
feeds containing high salt concentration. Whatever solute 
buildup occurs at the membrane interface can be reduced 
Sufficiently by circulating solution across the membrane 
surface. 

Typical operating data for an exemplary run using the 
non-rotatable apparatus of FIGS. 6 and 7 as applied to 
the desalination of brackish water are set forth in Table 1. 
A semipermeable membrane which may be efectively em 
ployed under the conditions set forth below is UCLA 
membrane No. 11, described in UCLA Report No. 63-22, 
Dapartment of Engineering, University of California, 
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Water Resources Center, Contribution No. 74 (May 
1963). 

Table 1 
Salinity of feed, p.p.m. --------------------- 2,625 
Salinity of discharge, p.p.m. ---------------- 1 10,000 
Salt transport, grains/ft.” day --------------- 1,100 
Salinity of product, p.p.m. ------------------ 1 500 
Water flux per ft.* day --------------------- 20 

.P.S.i ? 

Osmotic pressure ----------------------------- 92 
Osmotic overpressure due to boundary layer concen 

tration ------------------------------------ 184 
Distilled water pressure drop through membrane at 
20 gal/ft.* day ---------------------------- 375 

Total pressure ------------------------- 651 
The salinity of the rejected solution varies somewhat as a 

result of holding the product water salinity to 500 p.p.m. 
The potable water yield per square foot of the above 

identified membrane under the foregoing conditions will 
be about 20 gallons per 24 hrs. The estimated net energy 
requirement, with optimum pumping energy recovery ef 
fected through the use of impulse turbines, is less than 
30 k.w.h. per 1000 gallons of potable water. The estimated 
capital requirement (when power for pumping is pur 
chased from existing facilities) is about $0.50 per daily 
gallon of potable water output. 
The semipermeable membranes employed in connection 

with the practice of the present invention can be films of 
cellulose acetate, prepared as described in U.S. Patents 
3,133,132 and 3,133,137. A sheet of such membrane is 
mounted on the planar surfaced periphery of the tubular 
Support with a layer of laterally permeable backing mate 
rial between them, the exposed longitudinally extending 
edges of Said membrane being sealed together by taping 
or the like. The layer of backing material interposed be 
tween the semipermeable membranes and their respective 
Supports may suitably be made of any very fine woven, 
previous, relatively smooth material which is reasonably 
resistant to crushing. For example, such material may be 
made of nylon parchment, a suitable such material being 
sold as clothing interliner. Best results are obtained using 
at least three plies of such backing material. 
The invention may be embodied in other specific forms 

without departing from the spirit or essential character 
istics thereof. The present embodiments are therefore to 
be considered in all respects as illustrative and not re 
strictive, the scope of the invention being indicated by the 
appended claims rather than by the foregoing descrip 
tion, and all changes which come within the meaning and 
range of equivalency of the claims are therefore intended 
to be embraced therein. 

I claim: 
1. A membrane assembly for use in decreasing the con 

centration of matter in a fluid containing said matter com 
prising a tubular support having inner and outer peri 
pheral surfaces, at least one of said peripheral surfaces 
being comprised of a plurality of planar surface segments; 
a semipermeable membrane supported by Said planar sur 
face segments; said support having fluid flow passages 
spaced along the vertices of the angles formed by the in 
tersection of said planar surface segments establishing 
fluid flow communication between said membrane and 
the peripheral surface other than that by which said 
membrane is supported. 

2. A membrane assembly as defined in claim 1 where 
in the portions of said semipermeable membrane coincid 
ing with the vertices of the angles formed by the intersec 
tion of said planar surface segments are provided with 
means rendering said membrane impermeable to said 
fluid at said portions. 

3. A membrane support for use in decreasing the con 
centration of matter in a fluid containing said matter com 
prising a tubular support; said tubular support having an 
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outer peripheral surface which is comprised of a plurality 
of planar surface segments; said support having fluid flow 
passages through its walls spaced along the vertices of 
the angles formed by the intersection of said planar sur 
face segments establishing fluid flow communication be 
tween said outer peripheral surface and the interior of said 
support; a plurality of said flow passages along at least 
one of said vertices being connected by a hollow formed 
in the outer peripheral surface of said support along the 
vertex in question. 

4. Apparatus for carrying out a process in which the 
concentration of matter in a fluid is decreased by bringing 
said fluid into contact with one side of a semipermeable 
membrane, comprising: a tubular support having inner 
and outer peripheral surfaces, at least one of said pe 
ripheral surfaces being comprised of a plurality of planar 
surface segments; a semipermeable membrane supported 
by said planar surface segments; said support having fluid 
flow passages establishing fluid flow communication be 
tween said membrane and the peripheral surface other 
than that by which said membrane is supported; means 
for bringing a matter-containing fluid under pressure into 
contact with said membrane; means for withdrawing fluid 
diminished in its content of said matter from said other 
peripheral surface; means for withdrawing fluid increased 
in its content of said matter away from said membrane; 
and means for rotating said tubular support and the 
membrane supported thereby about the longitudinal axis 
of said tubular support. 

5. Apparatus as defined in claim 4 wherein said flow 
passages are spaced along the vertices of the angles formed 
by the intersection of said planar surface segments and 
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wherein a plurality of said flow passages along at least 
one of said vertices are connected by a hollow formed in 
the peripheral surface of said support along the vertex in 
question. 

6. A method of decreasing the concentration of matter 
in a fluid containing such matter, comprising (1) providing 
a tubular support having inner and outer peripheral Sur 
faces, at least one of said peripheral surfaces being com 
prised of a plurality of planar surface segments, a semi 
permeable membrane supported by said planar surface 
segments, said support having fluid flow passages estab 
lishing fluid flow communication between said membrane 
and the peripheral surface other than that by which said 
membrane is supported; (2) rotating said support and 
the membrane supported thereby about the longitudinal 
axis of said support; (3) bringing a matter-containing fluid 
under pressure into contact with said semipermeable mem 
brane; (4) withdrawing fluid diminished in its content of 
said matter from said other peripheral surface; and (5) 
withdrawing fluid increased in its content of said matter 
away from said membrane. 
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