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Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissme specifi-
cation; maiter printed in italics Indicates the additions
made by reissue.

ABSTRACT OF THE DISCLOSURE

A method of preparing a semipermeable membrane
adapted to permit substantially selective diffusion there-
through of a component of a solution. The membrane is
prepared from a solution containing a cellulosic ester or
ether derivative and a water-soluble liguid amide having
the formula R;CONR,R; wherein Ry is from the class
consisting of hydrogen, methyl and ethyl groups and R;
and Ry are from the class consisting of hydrogen, ethyl
and propyl groups without both R; and Ry being hydro-
gen. The solution is cast on a support., A portion of the
liquid amide is evaporated to transform the cast solution
into a membrane. The cast membrane is then immersed
in water and heated to reduce its porosity.

In general, the present invention relates to an improved
method of preparing a semipermeable membrane adapted
to permit substantially selective diffusion therethrough of
a component of a solution, More particularly, this inven-
tion relates to a membrane adapted to recover fresh water
from a salt solution, such as sea water. The method of the
present invention incorporates improvements over the
method disclosed in applicants’ copending applications,
specifically, High Flow Porous Membranes for Separating
Water from Saline Solutions, Ser. No. 72,439, filed No-
vember 29, 1960, now Patent No. 3,133,132; Fresh Water
Recovery, Ser. No. 197,609, filed May 25, 1962; Method
of Forming Porous Membranes, Ser. No. 304,228, filed
August 23, 1963, now Patent No. 3,283,042; and Im-
proved Method of Forming Porous Membranes, Ser. No.
304,243, filed August 23, 1963,

The Federal Government has embarked on an extensive
research program to solve the problem of recovering fresh
water economically from saline water, such as sea water
or brackish subsoil water bodies. Such research program
has evolved many methods for recovering fresh water
from sea water. To date, however, no recovery method has
been made sufficiently economical. Most methods of fresh
water recovery from saline solutions involve the transfer
of heat under thermodynamically irreversible conditions,
so that the process as a whole is unavoidably inefficient.
In addition, in order to attain the high rate of heat flow
necessarily required, the saline solutions are normally
handled at relatively high temperatures which results in
severe corrosion and scale problems. Also, the heat trans-
fer approach normally requires a large number of stages
in series to increase heat economy so that a large amount
of equipment and much operational maintenance is re-
quired.

The membrane produced by the method of the present
invention may be utilized in a simple process which can
be made to approach thermodynamic reversibility to pro-
duce potable water (less than 500 p.p.m. dissolved solids)
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from a sea water brine containing solids in considerably
greater concentration than is found in sea water in a single
step. As described in the aforementioned copending ap-
plications, when salt water is pushed against a membrane,
such as the one produced by the method described in the
present application, under a hydraulic pressure somewhat
greater than the osmotic pressure of the salt solution (ap-
proximately 350 p.s.i. for a fresh water-sea water inter-
face), a reverse osmosis appears to occur and fresh water
flows through the membrane from the saline water side.
However, the production of membranes useful in such
simplified process for the recovery of fresh water has to
date been hampered by the number of special treating
steps usually required to produce membranes of the high-
est efficiency. Also, only a relatively limited range of ma-
terials to date have been found useful in the production
of such membranes. In addition, the membranes produced
by the earlier processes frequently had regions of in-
homogeneity which, although they did not influence the
reverse osmosis performance of the membrane, they did
apparently constitute regions of lesser physical strengths
which could significantly affect the durability of the mem-
brane.

Consequently, an object of the present invention is a
method of producing membranes for a reverse osmosis
process with fewer and simpler treating steps.

Another object of the present invention is a method of
producing an improved membrane which results in a high
production rate of fresh water therethrough with the fresh
water salt content being very low.

Another object of the present invention is a method of
producing membranes for a reverse osmosis process from
a wider range of materials.

Still another object of the present invention is a method
of producing membranes at ambient temperatures having
a clear, colorless and homogeneous structure with high
performance characteristics.

Other objects and advantages of the present invention
will be readily apparent from the following description
and examples which illustrate an exemplary embodiment
of the present invention.

In general, the present invention involves a method of
preparing a semipermeable membrane adapted to permit
substantially selective diffusion therethrough of a com-
ponent of a solution. The method of the present inven-
tion involves forming a solution containing a cellulosic
derivative from the class consisting of ester and ether cel-
lulosic derivatives having the formula

CHCH:0R1—0

-—CE CH—~0—
CHOR,——CHOR;

wherein R;, R; and R3 are members of a group consisting
of H, Ry and CR;0, wherein Ry is an alkyl group contain-
ing 1 to 8 carbon atoms and R; is an alkyl group contain-
ing 1 to 7 carbon atoms. No more than 2 of R;, R, and
R; can be H. Also contained in such solution may be the
single additional component comprising a substantially
water-soluble liquid amide having the formula

RgCONR.Rg

wherein Rg is from the class consisting of hydrogen,
methyl and ethyl groups and R, and Rg are from the
class consisting of hydrogen, methyl, ethyl and propyl
groups without both R; and Ry being hydrogen. Alter-
natively, the solution may contain a substantially water-
soluble liquid amide having the formula R¢gCONR,R; and
Ry is from the class consisting of hydrogen, methyl and
ethyl groups and R; and Ry are from the class consisting
of hydrogen, methyl, ethyl and propyl groups and an or-
ganic solvent, The solution is then cast to form a mem-
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brane and then a portion of the liquid amide and organic
solvent, if present, are evaporated for a predetermined
period of time, Then, the cast membrane is immersed in
water. Finally, the cast membrane is heated to reduce its
porosity. It should be noted that the terms “porosity” and
“permeable” as used in the present application refer only
to the fact that the membrane has a structure which al-
lows the selective flow therethrough of an appreciable
rate of fresh water under suitable conditions.

The film-forming material utilized in the method of the
present invention is a cellulosic derivative from the class
consisting of ester and ether cellulosic derivatives having
the formula

CHCH;OR,—O

~C CH—-0—

AN
CHOR:—-————CﬁO Rs

wherein R;, R; and Ry are members of a group consist-
ing of H, R, and CR;O, wherein R, is an alkyl group con-
taining 1 to 8 carbon atoms and R, is an alkyl group con-
taining 1 to 7 carbon atoms. No more than 2 of Ry, Ry
and Ry can be H. Specific examples of such cellulosic de-
rivatives are cellulose acetate, cellulose acetate-butyrate,
cellulose propionate and ethyl cellulose.

The substantially water-soluble liquid amide which may
be utilized in the present invention has the formula
R;CONR.R; wherein R, is in the class consisting of hy-
drogen, methyl and ethyl groups and Ry and Ry are from
the class consisting of hydrogen, methyl, ethyl and propyl
groups. When such liquid amide is used in conjunction
with an organic solvent to form the casting solution, Rq
and Rg may both be hydrogen, as well as Rg, i.c., the
amide may be formamide, while when using the liquid
amide alone either Ry or Ry should be a methyl or larger
carbon-containing group. Specific examples of such
liquid amides are formamide, dimethyl formamide, methyl
formamide and ethyl formamide. When using the liquid
amide alone in conjunction with the cellulosic derivative,
the weight ratio of the liquid amide to cellulosic deriva-
tive in the casting solution is in the range of about
2/1 to 4/1, with the ratio of 3/1 being preferred. When
using both a liquid amide and an organic solvent with the
cellulosic derivative, the concentration of the cellulosic
derivative in said solution is in the range of about 20%
to 30% by weight and the liquid amide has a concen-
tration in the range of about 10% to 40% by weight. It
should be noted that in either case no water need be added
to the casting solution, although the addition of water to
the casting solution does not have an adverse effect.
Finally, it should be noted that the preferred organic
solvent is acetone because of the unusually good results
obtained therewith, However, other organic solvents, such
as those noted in the earlier copending applications, may
be utilized along with organic solvents, such as dioxane
and tetrahydrofuran,

As noted in the earlier copending applications such as
United States Patent No. 3,283,042, and as illustrated in
the drawings appended hereto wherein FIGURE 1 is a
schematic cross section of casting apparatus suitable for
performing the process of the invention and FIGURE 2
is a flow sheet in highly schematic form generally out-
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lining the steps of an example of the process, after form-
ing the casting solution, it is poured onto a glass plate 3
between 0.010 inch thick side runners 4 to give this thick-
ness to the as-cast film 5. The film § is then cast by pass-
ing an inclined knife 6 across the glass plate 3 which
rests on the side runners 4 and which has a back wall and
containers storing an excess of the casting solution, The
inclined knife is then preferably pulled across the plate
at a predetermined slow rate. For example, when the
length of the plate is about 8 inches, the traverse of the
knife required is normally accomplished in the range of
about 0.13 to 0.25 minute without substantially affecting
the results. Too slow a period of time permits excessive
evaporation, while too fast a traverse time results in an
imperfect surface formation and even possibly rupture
the film. Then a portion of the liquid amide and the
organic solvent, if present, are evaporated for a pre-
determined period of time measured from the beginning
of the casting process. The casting and evaporation of
the membrane may be carried out at a temperature as low
as —10° C. in order to prolong the evaporation period,
but, preferably, is conducted at ambient temperatures,
such as 22-23° C. When utilizing the casting solution
including the cellulosic derivative, liquid amide and or-
ganic solvent, the time period for such evaporation is in
the range of about ¥4 to 15 minutes and such time period
is inversely proportional to the temperature at which the
membrane is cast and evaporated. In other words, for
time periods when the casting and evaporation are done
at room temperature, the time period is about % to 3
minutes, while when casting and evaporating at 14° F,,
the time period is 3 to 15 minutes. However, when only
a cellulosic acetate derivative and a liquid amide are
used in the casting solution, the time period for evapora-
tion is about 4 to 15 minutes when conducted at ambient
temperatures.

After such evaporation period, the film is then removed
from the glass plate and immersed in water. If such im-
mersion is done in ice water, the immersing period is
usually about one hour. Then the film is heated in water
for, usually, about 4 minutes at a predetermined tempera-
ture. Such heating temperature in the case of the mem-
brane formed from the casting solution of a cellulosic
derivative, liquid amide and organic solvent is in the
range of about 23° C. to 95° C., while in the case of
membranes formed from casting solutions of cellulosic
derivative and liquid amide only, the heating tempera-
ture is in the range of about 70° C. to 95° C.

After such preparation, the membrane is ready for
use by utilizing the side of the membrane which was
away from the glass during the casting toward the brine
solution from which fresh water is to be recovered. A
brine containing 0.5% sodium chloride in tap water is
applied to the membrane under an operating pressure of
about 600 p.s.i.g. utilizing the type of apparatus set forth
in the earlier copending applications. The production
rate of fresh water and the salt content of the fresh water
so produced were then measured under such operating
conditions. The test result from such operation are set
forth in Table I for the various compositions of the
present invention.

TABLE I

Casting selution composition

Desalinized water

Cellulose Evaporation Castingand Heating Flux, Salt

Acetone, Formamide, acetate, period evaporation temp., gal./ft.2 content,

percent percent percent (minutes) temp.,° F. °C. day p.p.m.

86.7 11. 1 22.2 10 14 73 11.6 308

64.4 14.2 21. 4 10 14 73 20.7 812

57.8 1.1 31 10 14 Un- 6.5 884
heated

65 10 25 10 14 68.5 4.6 272

b5 20 25 10 14 77 17.¢ 221

50 35 26 6 14 7.5 21.0 476

45 30 26 [ 14 815 216 187

40 35 25 3 14 85.3 13.8 153
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TABLE I—Continued

Casting solution composition

Desalinized water

Cellulose Evaporation Casting and Heating Flux, Salt
Acetone, Formamide, acetate, peri evaporation  temp., gal./it.2 content,
percent percent percent (minutes) temp., ° F. °C. day p.p.m.
54.1 16.7 20.1 1 Ambient Un- 2.7 30
heated
55.7 14.3 30.0 1 Ambient Un- 8.1 408
heated
40 35 25 % Ambient 79.3 32.7 374
45 30 25 1 Ambient 74.0 30.¢ 408
50 26 25 1 Ambient 7L 5 15.4 272
55 20 25 1 Ambient 65,0 15.1 357
45 30 25 U Ambient 71.3 83.7 1,870
45 30 25 }23 Ambient 716 47.3 646
45 30 25 1 Ambient 710 25. 6 578
45 30 25 L5 Ambient 710 33.8 731
45 30 25 2 Ambient 71. 68 25,1 1,105
45 30 25 2.5 Ambient L5 22,7 1,190
45 30 26 3 Ambient 715 25.1 1,700
45 a0 25 Y Ambient 76.5 41. 6 493
45 30 25 5 Ambient 76.4 30.8 272
45 30 25 L6 Ambient 4.7 23.0 272
45 30 25 1 Ambient 23.0 97.0 3,740
(Un-
heated)
45 30 25 1 Ambient 68.5 44.8 1,054
45 30 25 1 Ambient 74.0 30.0 408
56 24 20 6 Ambi(z?;) 75.5 37 1,156
56 24 20 [ Ambient 79.0 3.5 765
56 24 20 8 Ambient 83.0 25.6 544
Cellulose
Tetrahydrofuran, Formamide, acetate,
percent percent percent
55 25 20 3 Ambient 7.0 4.1 20
65 20 15 4 14 73.0 4.3 630
Dimethyl Cellulose
Acetone, formamide, acetate,
percent percent percent
64.3 21.4 14.3 3.5 Ambient Un- 12. 4 61
(73) heated
257, Mg{Cl104)z2in Dimethyl Cellulase
H0, percent formamide, acetate,
percent percent
9.1 72.7 18.2 8 14 91.8 37.3 2,125
9.1 2.7 18.2 8 14 94.0 4.8 646
75 25 8 Ambient 87.2 55,0 1,870
75 25 8 Ambient 83.7 33.8 1,445
75 25 8 Ambient 3.0 10.8 136
75 25 12 Ambient 87.2 43.2 1, 360
Kt 25 12 Ambient 88,7 27.5 1,190
75 25 12 Ambient 92.7 8.9 136

As noted above, a portion of the liquid amide and
organic solvent, if present, is evaporated during the evap-
oration period. However, it is to be emphasized that
although evaporation does take place during such time
period it would appear that other changes are occurring.
At present, it is believed that concurrently with the re-
moval of the organic amide and organic solvent, a par-
ticular physical structure of the film forms to some ex-
tent, i.e., the film becomes physically organized. How-
ever, when the cast membrane is immersed in water, such
organizing process is halted and the specific physical
structure of the membrane is fixed. Thus, the evaporat-
ing step involves not only the removal of the liquid amide
and organic solvent from the cast membrane, but also a
time period within which the cast membrane achieves a
specific physical structure which is fixed by immersion
in water. In addition, it has been found that the evapora-
tion period can be very short, i.e., about ¥4 to ¥ minute,
and upon immersion, an operative membrane is deter-
mined to a great extent by immersion and possibly largely
by immersion.

Other specific embodiments of the present invention
will be obvious to one skilled in the art in view of this
disclosure. For example, a pore-producing salt or pore-
regulating salt, such as disclosed in the earlier copending
applications, may be added to the casting solutions, such
as illustrated in Table I. Also, the cast membrane may be
treated by immersing it in a cold solution of an inorganic
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treating salt, with such solution preferably being below
about 0° C., with the preferred temperature being about
—350° C., as disclosed in the earlier copending applica-
tions.

There are many features in the present invention which
clearly show the significant advance it represents over the
prior art. Consequently only a few of the more outstand-
ing features will be pointed out to illustrate the unex-
pected and unusual results attained by this invention, One
of the features of the present invention is the simplicity of
preparation of the membrane wherein only a few com-
ponents are required in the casting solution and the cast-
ing and evaporation may be done at ambient tempera-
tures. Thus, contrary to applicants’ earlier work in this
area, neither a pore-producing salt nor water is required
and cooling below room temperature is also not required.
Another feature of the present invention is that it utilizes
a new class of compounds to produce the desired mem-
brane, i.e., the water-soluble liquid amides which may be
used either alone or in conjunction with an organic solvent.
Still another feature of the present invention is that
the membrane produced by the process disclosed is un-
usually homogeneous in structure so that it achieves a
uniform physical strength and is particularly durable in
use.

It will be understood that the foregoing description
and examples are only illustrative of the present inven-
tion and it is not intended that the invention be limited
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thereto. All substitutions, alterations and modifications of
the present invention which come within the scope of the
following claims or to which this invention is readily
susceptible without departing from the spirit and scope
of this disclosure are considered part of the present in-
vention.

We claim:

1. A method of preparing a semipermeable membrane
adapted to permit substantially selective diffusion there-
through of a component of a solution comprising:

{a) dissolving

() a cellulosic derivative from the class consist-
ing of the ester and ether cellulosic derivatives
having the formula

CHCH:0R,—0

—C CH—0—

\CHORz——CH OR;s

wherein R;, Ry and Ry are members of a group
consisting of H, Ry and CR;O, wherein R, is
an alkyl group containing 1 to 8 carbon atoms
and R; is an alkyl group containing 1 to 7 car-
bon atoms no more than two of Ry, R, and R;
can be H, and

(II) a substantially water-soluble liquid amide
having the formula RgCONR;Ry wherein Ry is
from the class consisting of hydrogen, methyl
and ethyl groups and Ry and Ry are from the
class consisting of hydrogen, methyl, ethyl and
propyl groups,

in an organic solvent

(b) casting said solution to form a membrane;

{c) evaporating a portion of said organic solvent for a
period of time sufficient to transform the cast solution
into a membrane having a specific physical structure;

(d) immersing the cast membrane in water; and

(e) heating the cast membrane to reduce its porosity.

2. A method as stated in claim 1 wherein said cellu-
losic derivative is a member of the class consisting of
cellulose acetate, cellulose acetate-butyrate, cellulose
propionate and ethyl cellulose.

3. A method as stated in claim 1 wherein said liquid
amide is formamide.

4. A method as stated in claim 1 wherein said liquid
amide is dimethyl formamide.

5. A method as stated in claim 1 wherein the cellulosic
derivative has a concentration in said solution in the
range of about 20% to 30% by weight and the liquid
amide has a concentration in the range of about 10% to
40% by weight.

6. A method as stated in claim 1 wherein the time
period for said evaporation is in the range of about %4
to 15 minutes and such time period is inversely propor-
tional to the temperature at which the membrane is cast
and evaporated.

7. A method as stated in claim 1 wherein said heating
is done in water to a temperature in the range of about
23°C.t095° C.

8. A method of preparing a semipermeable membrane
adapted to permit substantially selective diffusion there-
through of a component of a solution comprising:

(a) dissolving
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(I) a cellulosic derivative having the formula
CHCH,0R,—0
—CH CH—0—
\CHoRz——cﬁon,

wherein R;, R; and R; are members of a group
consisting of H, R, and CRO, wherein R, is an
alkyl group containing 1 to 8 carbon atoms and
R; is an alkyl group containing 1 to 7 carbon
atoms, no more than two of R;, R; and Ry
being H,

(I1) a substantially water-soluble liquid amide
which is a solvent for cellulose acetate having
the formula RgCONR;Rg wherein Rg is from
the class consisting of hydrogen, methyl and
ethyl groups and R; and Ry are from the class
consisting of hydrogen, methyl, ethyl and
propyl groups without both being hydrogen;

(b) casting said solution to form a membrane;

(¢) evaporating a portion of said liquid amide for a
period of time sufficient to transform the cast solution
into a membrane having a specific physical structure;

(d) immersing the cast membrane in water; and

(e) heating the cast membrane to reduce its porosity.

9. A method as stated in claim 7 wherein said cellu-
losic derivative is a member of the class consisting of
cellulose acetate, cellulose acetate-butyrate, cellnlose
propionate and ethyl cellulose.

10. A method as stated in claim 8 wherein said liquid
amide is dimethyl formamide.

11. A method as stated in claim 8 wherein the weight
ratio of liquid amide to cellulosic derivative in the casting
solution is in the range of about 2/1 to 4/1.

12. A method as stated in claim 8 wherein the time
period for said evaporation is in the range of about 4 to
15 minutes.

13. A method as stated in claim 8 wherein said heating
is done in water to a temperature in the range of about
70° C.t095° C.

References Cited

The following references, cited by the Examiner, are of
record in the patented file of this patent or the original
patent.

UNITED STATES PATENTS
2,926,104 2/1960 Goetz - coeeeo—_ 264—207
3,026,571  3/1962 Maier - _____ 264—53 X
3,133,132 5/1964 Yoebetal. ____.__._. 264-—49
FOREIGN PATENTS
203,713 10/1924 Great Britain.

OTHER REFERENCES

Ott, Emil, Ed., “Cellulose and Cellulose Derivatives,”
second completely revised and augmented edition, Part 1.
New York, Interscience, 1954, pp. 64-67.

US. Office of Saline Water, “The Mechanism of
Desalination by Reverse Osmosis,” by B. Keilin, Aerojet-
General Corp. Research and Development Report No.
84, November 1963, Figure 1.

PHILIP E. ANDERSON, Primary Examiner

US. CL XR.
106—196; 210—500; 264—331



