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Claim

1. A process for making a water softening

meémbnane, comprising:

(a) contacting a crasslinked polyamide
diseriminating layer of a reverss
osmosis membrane with an aqueous
solution of a compatible strong mineral
acid: and

o~
o
~

maintaining the mémbrane in contaét with
the acid at an elevated temderature such
that a membrane is produced having a
flux of at least 326 liters per square
meter per day (8 gfd) and a MgsOy
rejection of at least about 65 percent
when tested under reverse osmosis
conditions at 345 Pa (50 psi) and 25%¢
using an aqueous solution of 0,2 weight
percent MgSQy.

2. The process of Claim 1, further comgrising:
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ecntacting said membrane with a rejection enhancing
agent so as to produce 2 membrane having a MgSOy
rejection of at least about 85 percent.

11. A process for reducing the hardness of water
comprising:
(a) contacting water containing hardness ions
with a first surface of a water softening
membrane of Claim 2 at a transmembrane
pressure in the range of 345 to 690 Pa (50
to 100 psi); and

(b) separating a permeate from a second surface
of the water éoftening membrane, wherein the
permeate contains a reduced concentration of
hardness ions.
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PROCESS OF MAKING AND USING POLYAMIDE MEMBRANES
USEFUL FOR WATER SOFTENING

This invention relates to membranes and their
use for removal of ions imparting hardness to water.

A variety of treatments are employed for the
removal of hardness factors from water. These hardness
factors are principally calcium or‘magnesium,salts of
sulfate or bicarbonate, Lime softening is widely uéed,
but requires large quantities of lime and certain
practical limitations. Ion exchange is widely used
where the cost of the ion exchange resin and
regeneration of the resin are not prohibitive.
Electrodialysis has been employed, but is relatively
costly.

Reverse osmosis membranes héve beén employed
for water softening. Cellulose diacetate membranes and
polyamide membranes have been used commercially for
this purpose. However, these prior art membranes in
general have required relatively high operating
pressures and have been viewed as energy intensive.

U.S. Patent 3,551,331 describes the treatment
of certain polyamide membranes with acid. This
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treatment, performed on melt-processed linear aliphatic
polyamide membranes of extremely low water
permeability, produced higher water permeabilities by a
combinaticn of solvent induced crystallization and
solvent extraction of low molecular weight non-
crystalline fractions. The resulting membranes still
required high operating pressures to achieve
comnmercially feasible water permeation rates.

U.S. Patents 3,853,755 and 3,866,066 describe
the use of hydrolyzable tannins to modify the rejection
of reverse osmosis membranes. However, the colloid, in
general, reduces flux through a membrane.

A membrane which affords a combination of high
flux, adequate rejection of nardness ions and very low
operating pressures nas long been sought. More
specifically, a membrane which has a flux of at least
about 10, preferaoly at Least about 15 galloans per
square foot per day (gfd) 407, 610 respectively. liters
per square meter per day and a magnesium sulfate
rejection of at least 85 percent at a transmemorane
pressure in the range of 345-390 Pa (50 to about 100
pounds per square inch (psi)), preferably 345-482 Pa
(50 to about 70 psi), and temperature of 25°C using feed

water containing 0.2 weight percent magnesium sulfate
would be desirable.

An improved water softening membrane and
process for maxing and using the same has/e now been
discovered. The process comprises contacting a
crosslinked polyamide discriminating layer of a reverse
osmosis membrane with a strong mineral acid. The
membrane in contact with the acid is maintained at an
elevated temperature for a period sufficient to produce
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a membrane having a flux of at least 326 1/m@ day

(8 gfd) and a magnesium sulfate rejection of at least
about 65 percent when tested under reverse osmosis
conditions at 345 Pa (50 psi) and 25°C using an aqueous
solution of Q.2 weight percent magnesium sulfate. The
resulting membrane then preferably treated with a
rejection enhancing agent so as to produce a membrane
having a magnesium sulfate rejection of at least about
85 percent, preferably about 90 percent, more
preferably 95 percent at the aforementioned conditions.

The final membrane product possesses an
unusually high flux and good rejection of calcium and
magnesium nulfate or bicarbonate salts. This membrane
is advantageous in that it can be used at operating
pressures much lower than prior art reverse osmosis
membranes.

~

Reverse osmosis membranes having polyamide
discriminating layers are well-known in the art. The
polyamide can be alipnatic or aromatic and is
advantageously crosslinked. Illustrative prior art
polyamide membranes are described in Columns 2-4 of
U.S. Patent 4,277,344, 1In addition, U.S.

Patent 4,259,183 describes other useful polyamide
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membranés made by the interfacial reaction of a éyclo-
aliphatic diamine with isophthaloyl chloride, trimesoyl
ehloride or mixtures of these acid chlorides: U.S.
Patent 4,520,044 describes other suitable polyamide
membranes, such as those prepared by reactiod of m-

SRR PR,

phenylene diamine and cycliohexane-1,3,5-tricarbonyl
chloride.

In a preferred embodiment of this invention,
the reverse osmosis membrane starting material has za
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polyamide discriminating layer which is a reaction
product of (a) aromatic polyamines having at least two
primary amines on an aromatic nucleus, and (b) aromatic
polyfunctional acyl halides having an average of more
than two acyl nalide groups on an aromatic nucleus.
These polyamides preferably have a crosslink density of i
at least 10, more preferably at least 50, per 100,000

polymer molecular weight. Such polyamide membranes are
described in U.S. Patent 4,277,344,

?

10 The preferred polyamine reactant is phenylene

diamine, more preferably the meta isomer of this F
diamine. The preferred polyfunctional acyl halide is
trimesoyl halide or a functional equivalent, more

15 preferably trimesoyl chloride. The reaction product of
trimesoyl halide and phenylene diamine is referred to

hereinafter as poly(phenylene diamine trimesamide).

The reverse o3mosis membrane prior to acid §
s 20 treatment preferably has a sodium chloride rejection of d
& v FR. .
o °FF at least 90 percent and a flux of at least 407 1/m? day 1
nzoet P
A (10 gfd) when tested with an aqueéous solution of 2,000
t 4
e parts per million (ppm) sodium chloride at 1379 Pa (200 . §
ceet psi) and 25°C. More preferably prior to acid treatment, i
L3 . " 54 . )
cererl 25 the sodium chloride rejection of the membrane is in the 3 %
e, range of 93 to 98 percent with a flux in the range of %
9 ‘ _ i
ot 610 to 1221 1/m? day (15-20 gfd). X
kS
Reverse osmosis membranes having a polyamide H
ceee € 30 discriminating layer are available in a variety of :
G c . P . . - 5 4 2
ceen configurations. Flat sheet, tubular and hollow fiber g
& e ¢ )
‘: ¢ membranes are well-k own in theée prior art. These
cecced memdranes can also vary in morpnology. Homogeneous
¢ ¢ o . . . . . P N - . N
memoranes are operable, btut asymmetric membranes are
. preferred, with thin film composite membranes being
359018"’? -‘l'y-
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most preferred for membranes treated in accordance with
this invention.

The thin film composite membranes can be
prepared via conventional techniques for cepositing,
forming or laminating a polyamide discriminating layer
to a porous support layer. This support layer
generally determines the snape of the membrane. This

support may be a tubular, hollow fiber or flat sheet
configuration.

Suitable support layers or films have been
described extensively in the art. Illustrative support
materials include organic polymeric materials such as
polysulfone, polyethersulfone, chlorinateg polyvinyl
chloride. styrene/acrylonitrile copolymer, polyoutylene
terephthalate, cellulose esters ana other polymers
which can be prepared with a high degree of porosity
and controlled pore size distribution. Forous
inorganic materials may also be operanie as supports.
Preferably, the pores in the polymers will rangs 1in
size from 1 to 1,000 millimicrons in their widest
dimension at the surface in intimate contact with the
discriminating layer. Especially preferred as support
layers are porous polysulfone films. These films are
generally cast on non-woven fabric or woven cloth,
generally of polyester or polypropylene.

The support layer provides mechan:ical strength
to the thin fiim composite membrane. The support layer
is advantageously as thin as possible, wnile still

imparting the desired physical strength to the
membrane.
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In an especially preferred embodiment of this
invention, the polyamide discriminating layer is formed
on the support layer via interfacial polymerization.

To illustrate, the porous support layer can be coated
or imbibed with an aqueous solution of a polyamine.
Surface active agents can be present on the support
layer or in the solution to augment film formation. A
water-immiscible solvent containing a polyfunetional
acyl halide can then be brought into contact with the
support layer at conditions conducive to

polymerization. This solvent is advantageously a Cg to

Cg alkane, a chloroalkare. a fluoroalkane or
chlorofluorozlkane which does not deleteriously affect
the zupport layer. By this technigue a thin,
essentially defect-free discriminating layer can be
formed. Crosslinked polyamide diseriminating layers as
described in U.S. Patent 4,277,344 are most preferred.

The polyamide discriminating layer is desiradbly
as tnin as possibie. while still remaining essentially
defect free. In gerneral. the water flux through the
discriminating layer is inversely prosortional to the
thickness of the layer. However, a thin layer is also
more prone to defects or discontinuities in the layer.

In a preferred embodiment of this invention,
the reverse osmosis membBrane after treatment with acid
is assembled in a reverse osmosis device, optionally
including a pressure vessel, prior to treatment with
the rejection enhancing agent. The treatment of the
device itself obviates post-treatment handling
operations which can crez<e defects in the membrane
discriminating layer., The membrane can be assembled in
a variety of deviees known in the prior art. For
example, flat sheets can te utilized in either plate
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and frame or spiral devices. Tubular and nollow fiber
membranes can be assembled in a generally parallel

bundle in devices with tubesheets at opposing ends of
the membranes. Alternatively,

assembled in a U-shaped bundle
in a single tubesheet. Hollow

these membranes can be
with both ends secured

fiber memorane devices
can optionally be assembled about a central perforated

core, have a central tubesheet or be assempbled in a
bias wrap configuration as in U.S. Patent 4,080,296.
Radial, axial or down-the-bore flow of feed can be

utilized in hollow fiber devices.

devices are especially preferred.

Spiral membrane

The polyamide discriminating layer of a reverse
osmosis membrane is contacted with an aqueous solution
of a compatible strong mineral acid:.
strong mineral acid, as the term is used herein, refers
to inorganic aeid which can medify the structure of the
polyamide

A compatible

discriminating layer so0 as to increase the
permeadbility to water.

Generally, the acid will
decrease salt rejection of tne psolyam.de, but otherwise
does not deleteriously affect the membrane. The acid .
is believed to swell the polyamide, but the invention :
is not to be limited by this theory. Advantageously,
the mineral acid is polyphosphoric acid, phosphoric
acid, phosphorous acid,

sulfuric adacid or mixtures
thereof.

Phospnoric acid is especially preferred with
concentrations of 50 to 85 weight percent being
advantageous. Polyphosphoric acid is also
advantageous; but it is more difficult to apply in a
thin uniform coat because of the high viscosity of
solutions of this acid.

Ve AERNT Y R R

The concentration of the strong mineral acid

can operably vary over a wide range. Typiecally, an
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aqueous solution containing 10 to 85 weight percent
acid (or the saturation point of the acid in water, if
less) is operable. Acid solutions containing at least
40 weight percent phosphoric acid are especially
preferred, with those containing at least 10 weight
percent sulfuric acid or at least 20 weight percent
phosphorous acid being preferred.

The strong mineral acid solution can be applied
to the membrane by any convenient means which affords
uniform and intimate contact with the discriminating
layer. This layer may be conveniently sprayed,
immersed or washed with acid. Typically, it is
desirable to apply 0.5 to 25, preferably 1 to 20. more

preferably 4 to 10 grams of acid per square meter of
membrane.

The femperature at which the acid is applied is
not generally critical. Ambient temperatures are
typically con.enient. In order to effect a change in
permeabiiity of the membranre, it is prefarred to
subject the membrane to an elevated temperature
(typically 50° to 150°C, preferably 100° tq 150°C for
phosphoric acid, 110° to 120°C being more preferred for
phesphoric acid) during contact with the acid. When
phosphoric acid is employed it is desirable during
contact with the membrane to evaporate the water
present as a solvent for the acid. This is believed to
result in the formation of polyphosphoric¢ acid.

Because the acid strengtn, identity of the polyamide
discriminating layer, acid concentration, contact
temperature and contact time are interrelated, it is

not possible to specify optimum values for eacn of

these parameters independently. For example, highly
crosslinked membranes can typically be treated at
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higher temperatures tnan those with a lower crosslink
density., At higher temperaturaes the optimum contact
time will be shorter, but if the temperature is too
high the membrane may shrink nonuniformly with
undesirable consequences. These process parameters are
readily optimized empirically for a specific membrane.

In one preferred embodiment of the invention, a
polyamide thin film composite reverse osmosis membrane
is coated with 85 percent phosphoric acid with excess
acid being removed by use of a squeeze roller. The
membrane is then heated to a temperature in the range
of 100° to 140°C for 5 to 15 minutes. It may be
desirable to restrain the membrane during drying to
control shrinkage. After heating, the membrane
discriminating layer appears dry to the unassisted
human eye. In general, lower teémperatures and shorter
reaction times in tne preferred range afford a higher
salt reiection for “ne membrane than at more extreme
treatment conditions. Typieally, higher temperatures
and longer rezction times provide a greater increase in
flux but suffer some loss of salt rejection. The
membrane can be rinsed or washed with water after

treatment, but this is not generally necessary.

The revérse osmosis membrane after acid
trgatment should retain good rejections of divalent
alkaline earth sialts of bicarbonate or sulfate with
much higher water fluxes than the same membrane prior
to treatment., Desirably, the water flux is al. least
50, preferably at least 100, percent greater after
treatment than before. The rejection of calcium and
magnesium salts may also decline somewhat during acid
treatment. Preferably. the acid-treatéd membrane will
have a flux of at least 814 L1/m2 day (20 gfd) :nd a
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rejection of at least 75 percent when tested under
reverse osmosis conditions at 345 (50 psi) and 25°C
using an aqueous solution of 0.2 weight percent MgSQOy.
In some especially preferred embodiments, either the
flux can be at least 1424 1/m2 day (35 gfd) with a
MgSOy rejection of at least 75 percent or a MgSOy
rejection of at least 85 percent with a water flux of

at least 814 1/m® day (20 gfd) at the aforementioned
conditions.

The acid-treated membranes have been found to

exhibit considerable variation in performance. This
variation has been attributed in part to the formation
of defects in -he discriminating layer during acid
treatment. The treztment of the acid~treated membranes
with a rejection enhanecing agent not only enhances the
rejection of individual membranes, but alsc reduces the
variability of flux and rejection.

Tne -erm "rejection enhancing agents"” is used
herein toe refer Lo compositions which when applied to
reverse osmosis membranes increase the rejection of the

membranes. Advantageously, the rejection is increased

with minimal decline in the flux. These agents are
believed, in preferred embodiments, to selectively plug
microscopic leaks and defects in the membrane

discriminating layer. The preferred agents can even

seal the porous support where discontinuities exist in
the discriminating layer.

One preéferred class of rejection enhancing
agents is generally colloids (i.e., water-dispersible

polymers). Illustrative of operable ecolloids are

tannic aeid or hydrolyzable tannins 4s described in

U.S. Patent 3,886,066 and branched polyamidoamines
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optionally bearing other substituents as descrited in

U.S. Patents 4,435,548; 4,507,466 and 4.568,737. Gther i
operable coiloidal treatments known in the prior art

are described in NTIS Report No. PB81-170607, entitled

"Development of Improved Cleaning and Surface

Regeneration Methods and Economical Analysis of these

Methods for Seawater Membranes" and NTIS Report

No. PB32-157975, entitled "Post-Treatment Process for

Reverse Osmosis Membranes", both published by U.S.

Dept. of Commerce at Washington, D.C.

o3ty

Another class of rejection enhancing agents
inrcludes certain water-soiuble polymers or copoiymers
of sufficiently nigh molecular weight that they are
effective to enhance rejection of a membrane.
Illustrative of this class of reagents are the vinyl
acetate copolymers described in U.S. Patent 3,877,978,
but in general the vinyl acetate copolymers reduce flux
more than other preferred reagsnts, Many copolymers of
hycdroxyalkyl methacrylate (preferadbly having 5 to 7
carbon atoms) with other ethylsanically unsaturated
monomers are also operable rejection enhancing agents.
Copolymers of hydroxyethyl methacrylate with
methacrylic acid or methacrylamide, optionally

including other compatible monvmers, are preferred.

< e

Another preferred agent is a copolymer of styrene and
madleic anhydride which has been treated with ammonia to
produce styrene/maleamic acid ccpolymers.
Advantageously, the styrene and maleic anhydride are
polymerized in approximately equimolar amounts.

Generally, the collcoidal agent in an aqueous
diluent is brought into contact with the discriminating
layer. Other diluents can be used so long as the
colloidal dispersion is maintained and the membrane is
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not deieteriously affected. The pH of the diluent may

need to be adjusted to provide the desired colloidal

dispersion. For example. tannic acid in colloidal form

or hydrolyzable tannin is preferably applied in an
acidie (pH advantageously in the range of 2 t. 3)
aqueaus medium.
at above pH 5,

Tannic acid can be applied in a medium
if no tannin precipitating agents, such
as polyvalent metal ions are present. The
concentration of the colloid can operably vary over a
wide range dependent upoan the colloid,
other factors.

the memoran=z and
Generally, a concentration of 10 to
1,000 ppm is preferred for tannic acid, with 1u0 to 300
ppm by weight being more pref:rred.

The water-soluble polymers are applied .o the

acid-treated membrane in a manner generally similar to

the colloiadal agents. An agueous diluent is preferred,

but other diluents are operable. The concentration of
the agent can operadbly vary over a wide range dependent
on the same factors as witn colloids.

concentration of 1

Typically, a .
to 100 ppm of the agent is

preferred, with 5 to 30 ppm being more preferred for
water-soluble polymers.

The rejection enhancing agent can be applied to

the membrane via any conventional or convenient

technique. With many reagents a contact time of 1 to

30 minutes is typically required to achieve the desired

increase in rejection. Of course, optimum contact will

vary dependent upon the membrane, agent and other
factors.

Consequently, immersion of the membrane with

the discriminating layer in contact with an aqueous

solution of the agent is convenient. As previously

noted, one especially preferred technique is to
assemble the acid-treated membrane in a reverse &sm. ais
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device and then provide the agent in an aqueous
solution introduced to the feed side of the membrane.

If desired, more than one rejection enhancing
agent can be seauentially applied. A mixture of

rejection enhancing agents can also be used, so long as
they are compatible.

It may be desirable in some embodiments of the
invention to rinse the discriminating layer surface
with water after treatment with the rejection enhancing
agent to remove any excess agent deposited on the
membrane. For example, an acidic water rinse step
after contact with a tannic acid colloid to remove
excess deposits can increase flux.

The temperature and pressure dur:ng contact
with the rejection enhancing agent are not generally
critical. provided that the memcrane is not
deleteriously affected. Temperatures of "0 to 45°C are
generally convenient, with ambient temperatures being
preferred. The pressure can also conveniently be
ambient, although in some empodiments a moderate
positive pressure (generally less than 250 psig
transmembrane pressure) applied to the discriminating
layer of the membrane is desirable.

Specific rejection enhancing agents may require
special conditions or procedures. In general, these
procedurses are «xnown in the art.

The molecular weight of the polymeric rejection
enhancing agent must be great erough to provide the
desired rejection enhancing properties, but not so
great that the polymer adversely affects the charac-
teristics of the treated membrane. The operable

3 18~F -13-
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molecular weight range will derend upon the membrane,
paolymer agent and other f{actors.

Modifications of the aforementioned rejection
ennancing agents and other compounds having like

utility will be apparent to one of ordinary skill in

the art. The term "rejection enhancing agent" is

intended to encompass any colloid or polymer which can
increase the magnesium sulfate rejection of the acid-
trzated membrane at standard conditions by at least 10

percent of the initial rejectior. For example, if the

acid-treated membrane has a MgSOy rejection of 70
percent, the rejection ennancing reagent should raise

the rejection to at least 77 percent. Preferanly, the

rejection enhancing agent decreases the water flux by
not more than 35 percent using a 0.2 percent MgSOy feed

at standard conditions. For example, if the flux of

the acid-treated membrane was 1628 1/m? day (40 gfd),

the flux of the membrane after “reatment +ith the

- . . . . 2
rejection enhancing agent snould te at ieast 1058 1/m*~
day (26 gifd). The most preferred rejection ennancing

agents will show the smailest reduction in flux.

Another class
coacervate coatings.
first applying to the
polymerizable monocmer

of rejection enhancing agents are
These coatings are prepared by
membrane in solution a polymer or
bearing noieties of a first
charge followed by a solution containing a polymer or

polymerizable monomer bearing moieties of an opposite

charge to the first. so as to form a coacervate. For

example. the moieties of the first charge can be
sulfonium or quaternary ammonium groups and the
moieties of the second charge can be carpoxylate
groups. Polymers prepared from ethylenically
unsaturated monomers, sucnh as methacrylic acid and
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hydroxyethyl methacrylate or vinyl benzyl sulfonium
chloride, methyl methacrylate and hydroxyethyl-
methacrylate are preferred. It may be advantageous to
include monomers bearing hydrophobic moieties in these
polymers to modify the polymer characteristics. The
polymers of the first and second charges are
conveniently applied sequentially to the membrane’in
dilute aqueous diluents (preferably 1 to 25 ppm by
weight). Optionally, the aqueous diluents can include
a fluorocarbon surfactant. The coacervate rejection
enhancing agents are further described in U.S.
Application Serial No. 790.287, filed October 22, 1985,
which is incorporated herein by reference.

The following examples are presented to
illustrate, but not otherwise limit the invention. All
parts and percentages are by weight unless otherwise
indicated. 3Salt rejection and water flux were
determined at recoveries of abou:t 1 percent.

Examples 1-7, Comparative Exper:ment A

A sample of a thin film composite membrane
bearing a poly(phenylene~-diaminé trimesamide)
discriminating layer on a porous polysulfone support
(sold by FilmTec Corporation as FT-30 membrane) was
tested to determine its magnesium sulfate rejection and
water flux using a 0.2 percent solution of magnesium
sulfate at 345 Pa (50 psi) and 25°C. An agueous
solution of phosphoric, phosphorous or sulfuric acid
was applied “o samples »f the same membrane affixed
with adhésive tape to glass plates. Excess acid was
removed with a rubber sgqueeze roller applying firm
rolling pressure manually. The membrane samples were
then heated at 120° * 20°C for about 10 minutes. The
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acld-treated membranss were then tested at the same
conditions as Comparative Example A to determine the
water flux and magnesium sulfate rejection. The
results of these tests are tabulated in Table I.

TABLE I
Acid Water Flux ﬂg§gi {
Example Conggzrrlggigon Acid  y/m2:day gfd {(arsenty ‘
A None 163 4 97
1 8.5 Phosphoric 326 8 36.5
2 14 Phosphoric 610 15 91 ]
3 30 Phosphoric 1302 32 83
Yy 42.3 Phosphoric 1099 27 82
5 85 Phosphoric 1587 39 65
) 50 Phosphorous 1180 29 81
el 7 50 Sulfuric 1099 27 67
;\", The data tabulated in Tabie I confirm that b
: s" 20 treatment of polyamide membranes with strorg mireral
et acids can significantly increase the water flux through
creeet the membrane. Generally, the rejection decreases with
ic : inereasing flux., A %
R ,5 Examoles 8-11 . %
In a manner otherwise similar to Example 5, the K
creree polyamide membrane was contacted with 85 percent %
iz;% phosphoric acid at a temperature of 100°, 11Q% 120° or 2
. 30 140°C fcr 10 minutes. The water f{ux and ﬁagnesium §
ce sulfate réjection were then determined at the standard ol
condifions used in Example 5. The results are %
a tabuiated in Table II. §
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TABLE II E
MgSQOy
Water Flux Rejection
Example Temperature l/mexday gfd (Percent)
5 8 100 773 19 90.8 ’
9 110 936 23 92
10 120 1302 32 83
11 140 1668 41 75
10 The data in Table II suggest that if other
parameters remain the same, a higher temperature during
acid treatment results in a higher water flux but lower
rejection of magnesium sulfate.
15 Examples 12-15
co Four samples of a polyamide membrane were
.ttt contacted with 85 percent phosphoric acid and heated at '
¢ty about 120°C for approximately 15 minutes in the general :
) N >g Manrer of Exampie 5. Four spiral membrane devices were . |
e then prepared from :the acid-ireated membranes. The ’
rw% rejection and flux of each membrane was measured using A
e e a 0.2 percent magnesium sulfate feed at an average ¢ %
AP pressure of 414 Pa (60 psi) and about 20°C. i !
25 1 i
Each spiral membrane was then treated at : |
. ambient temperatures with an aqueous feed at a pH of 2 %
‘ containing 300 ppm of tannic acid for 15 minutes at a %
o pressure of 690 Pa (100 psi). The tannic acid T
. 30 treatment was followed by a relatively high flow, low Fg
¢ pressure rinse with an aqueous hydrochloric acid feed % t
at a pH in the range from about 3 to about 5 for 20 Lo
13 e
e, minutes. This rinse removed excess tannic acid % ,
’.ﬁ“ deposited. The memoranes were then onc¢e rnore tested in é
€ s ® cy
€ e the aforementioned manner to determine magnesium N
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sulfate rejection. The results are presented in

Table TII.
TABLE IIT
e Before Tannic Acid After Tannic Acid k
Flux Re jectian Flux Rejection
Examole 1/m2 day gfd Percent 1/m2 day gfd Percent
1
10 12 1741 42.8 82.2 1196 29.4 9y .7
13 1754 43.1 79.1 1290 31.7 94,y
14 1322 32.5 78.6 968 23.8 93.5
15 1249 30.7 84.7 887 21.3 94.9
15
The results tabulated in Table III confirm that
PN the membranes descrioea herein possess both a high
[ LA 2 =
e rejection (90+ percent) of magnesium sulfate and an %
L excellent flux of 814 1l/m? day (20+ gfd). In addition, .
ctee 20 these memoranes exhibit good chemical stapility and can :
eees . be operated at feed water pressures mucn lower than the
AR 1379-1724 Pa (200 to 250 psi) typical of reverse ;
JLL osmosis memopranes., i E
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1.

A pdrocess for making a water softening

memdrane, comprising:

15

¢ 20 2.

agent so as

25

(a) conzacting a crosslinked golyamide
discriminating layer of a reverss
osTmosis membrane with an aqueous
solution of a compatiblis streng minerzl
acid: and

-5
o
~-

mgzintaining the membrans
“ne acid at an elevated temperaturs
that a memdrane is produced naving a
flux of at least 226 liters per square
mete* per day (8 gfd) and a MgSOy
rejection of at least about 65 percent
when tested under reverse osmosis
conditions at 345 Pa (50 psi) and 25°C
using an aqueous solution of 0.2 weignht
percent Mg3Qy.

The process of Claim 1, further comprising:
contacting said memorane with a rejection 2nhancing

to produce a membrane having a MgSOy

rejection of at least ioout 85 percent.
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3. The process of Claim 1 wherein said acid increases
the water flux of the membrane by at least 50 percent at
said MgSO4 reverse osmosis conditions.

4. The process of Claim 1 wherein the polyamide is a
crosslinked aromatic polyamide.

5. The process of Claim 1 wherein said acid is
phosphoric acid, phosphorous acid or sulfuric acid.

6. The process of Claim 5 wherein the polyamide is a
poly(phenylene diamine trimesamide) and the acid is
phosphoric acid.

7. The process of in Claim 2 wherein the rejection
enhancing agent is tannic acid or a hydrolyzable tannin
which contacts the membrane in an aqueous medium.

8. The process of Claim 7 wherein the rejection

enhancing agent is a styrene/maleamic acid copolymer of a
C5 to C7 hydroxyalkyl methacrylate copolymer with other
ethylenically unsaturated monomers.

9. The process of Claim 2 wherein the rejection
enhancing agent is a copolymer of hydroxyethyl methacrylate
and methyl methacrylate or methacrylamide and including up
to 20 weight percent of other compatible ethylenically
unsaturated monomers.

10. The process of Claim 2 wherein the rejection
enhancing agent is a coacervate coating formed by applying
to the membrane in solution a polymer or polymerizable
monomer bearing moieties of a first change followed by a
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solution containing a polymer or polymerizable monomer
bearing moieties of an opposite <charge to form said
coacervate wherein said first charge moieties are sulfonium
quaternary ammonium groups and said second charge moieties
are carboxylate groups.

11. A process for reducing the hardness of water
comprising:
(a) contacting water containing hardness ions
with a first surface of a water softening
membrane of Claim 2 at a transmembrane
pressure in the range of 345 to 690 Pa (50
to 100 psi); and

(b) separating a permeate from a second surface
of the water softening membrane, wherein the
permeate contains a reduced concentration of
hardness ions.

12. A process according to Calim 1 substantially as
hereinbefore descéribed with reference to any one of the
examples.

13. A process according to Claim 11 substantially as
hereinbefore described with reference to any one of the
examples.

DATED: 23 January 1991
PHILLIPS ORMONDE & FITZPATRICK

Attorneys for: . ;?‘ :
FILMTEC CORPORATION D.,.‘d /5 V
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ABSTBACT

o

A process for making a water softening membrane
and a process for using the same is described. The
membrane is prepared by treating a polyamide reverse
5 osmosis membrane with a strong mineral acid.

. Preféerably, the membrane is then treated with a

rejection enhancing agent. The resulting membrane at

. transmembrane pressures of 50 psi can attain a }

magnesium sulfate rejection with a 0.2 percent agueous

r Ty P
10 solution of mere than 90 percent with a water Ilux of
et more than 610 liters per squareé meter per day {15
. gallons per square foot per day).
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