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ABSTRACT: The current status of reverse osmosis and
ultrafiltration membranes are reviewed with the view for
the future. In the case of reverse osmosis (RO)
membranes, as examples, new crosslinked aromatic
polyamide membranes exhibited the superior separation
performance with the sufficient water permeability, the
high tolerance for oxidizing agents and chemicals.

Ultrafiltration (UF) membrane based on
poly(phenylene sulfide sulfone) (PPSS) also ‘exibited the
superior separation performance with the high solvent,
heat and fouling resistance.
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Reverse osmosis and ultrafiltration membranes have gotten a
major position in the industrial separation technology. Despite
of the progress and the increasing adoption of these membranes,
there remain significant limitation to broder utilization.

In the case of reverse osmosis, new nmembranes were required
to have superior performance, which are presented as 1) high
selectivity 2) high water permeability 3) tolerance for
oxidizing agents. High selectivity is the strong demand in an
ultrapure water production and a saline water desalination. High
water permeability is necessary for low pressure and low running
cost operation. And tolerance for oxidizing agents allows to
operate the system dependably without biological fouling.

In the case of ultrafiltration, membranes which are made of
polysulfone, polyacrylonitrile, cellulose acetate derivatives,
polyimides have been used in such a processes for the recovery
of electrocoat painting and cheese whey and the production of
pyrogen free water and ultrapure water. New membranes are
required to have superior performance, which are represented as
1) sharpness of molecure weight cutoff 2) solvent and high
temperature resistance 3) fouling resistance (low nonspecific
solute adsorption).

Reverse Osmosis (RO) membranes

Numerous researches have been done for membrane materials,
structure and fabrication technology to exceed asymmetric
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are well known as membranes

with linear fully aromatic polyamide2 Their hollow fine fiber
membrane module is particularly and widely employed for seawater
desalination mainly in Middle East. DuPont has launched B-15, a
spiral wound element with asymmetric membrane. These membrane
materials are all linear aromatic polyamide, and sulfonate
groups linked with the side chain make them different from the
materials of the below mentioned composite membranes. FilmTec's

TN/BW/SN/HR—BOB. DDS's and PCl's membranes are all in composite
membrane morphology, which consist of crosslinked aromatic
polyamide with carboxylate groups. Toray's UTC-70 membrane (SU-
series elements are made of UTC- series membranes) based on

1,3,5-triaminobenzene also belongs to the same group4. Fig.1
shows a typical chemical structure of the ultra thin film layer

of the crosslinked fully aromatic polyamide composite membranes.

Crosslinked Aryl-Alkyl Polyamide/Polyurea (I1)

In the market, the reverse osmosis membranes belonging to
this category are all composite membranes in spiral wound
configuration. Compared with the crosslinked fully aromatic

10

Crosslinked polyamide
these problems have been
major reverse osmosis
(Vavice t
TR . 7474

- 2
do Yo



polyamide, basic membrane g g y Hg g

performance are almost same, HNY S NH-C s T Mot T:j }

while resistance to oxidizing zﬁ DQJ ¢ X (:j Y

agents is rather low. ¢ 6 cooH
DuPont introduced poly-

amide membrane consisting of "Eé}"

m-phenylenediamina/cyclohexane

NH
tricarboxylic acid condensate, ]
which is saild to have high
flux and may be related to Fig. 1
their A-15 membrane. Chemical Structure of the

Crosslinked Fully Aromatie Polyamido5

Crosslinked Polypiperazineamide(III)
Polypiperazineamide

was first introduced by 8{|
Montedison as a linear ~
polypiperadineamide mem- HN_NH +

brane with chlorine . C“g 8{‘

tolerant property (not
listed in Table 1I), but
was finally not commer-
clalized since it did not

show clear performance ——{NFMN}—{g- g g %
merit in comparison with '/, [::T ):{ 1:;Ic—>;
CA membrane. However, 0- .
Toray's UTC-60 mnembrane, Hﬁ~, gOH

which was commerciarized
several years ago belongs Fig?

to this kind of category. Chemical Structure of Cross|inked PoIypH:uradinumideI

The membranes in Table I~

are all composite membranes which consist of crosslinked
polypiperazineamide. This kind of membrane is categorized as a
loose RO, which has feature of 1) high water flux and 2)
chlorine tolerance. A typical chemical structure of the

crosslinked polypiperazineamide is shown in Fig.21.

New Reverse Osmosis Membranes

In JCOM'90, membrane makers introduced various new
membranes. Toray's new UTC-70&8UTC-80 series and UTC-90 belong to
the aforementioned crosslinked fully aromatic polyamide membrane
group. Nitto/Hydranautics introduced NTR-759UP, which focus on
the high total organic contamination (TOC) rejection. TOYOBD
have also presented the new aromatic linear polyamide membrane,
which was designed and developed for the increase of chlorine
resistante.” "Thls wmembrane~~has~ an-"electron” "withdrawing  -“groap
(~802-). which 1s effective to suppress chlorine adsorption.

Performance of Reverse (Osmosis Membranes

Categolized the reverse osmosis membranes by their
operating pressure, they were divided into high pressure

membrane (more than 40 kg/cmz). middle pressure membrane (20-40
kg/cmz), low pressure membrane (10-20 kg/cmz) and very low

pressure mewmbrane (less than 10 kg/sz). Lineup of Toray's
reversa oSS is mumbranes dud - sepdarationT performance were shown
in Fig.3. It can been seen that Toray's membranes showed the
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Fig. 4 pH Dependence of Resistivity in Two Stage RO Process

12



224 7%
C , - < ' / -
Mas ' NeocRet MO, A e - e do Mo

VA

<O
S/

resistivity and rejection of sodium '™ T f
ion in an alkali region is expected gf R
to applied for “two stage RO ]
process". o P )
. ) . _.n
Another application of UTC-_ o snc g A
. B g

series 1is also the posttreatment - 2k )
of ion exchange resins so-calledZ -110
cartridge polisher. UTC-70C o oo 0 Koea2 ]
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process. Fig.5 shows the rejection Fasd Conc. (ped)
performance for  trimethylamine, Fit.§ Rejection of Trimethylamine

which is considered to be one of the eluted components from the
ion exchange resins. UTC-70C has the good rejection, thus it can
be used in the posttreatment of the ion exchange resins.

Tolerance for Oxidizing Agents of UTC-70 Membrane ‘g//
The durability‘ of Tat la 111, Chiprine Jolerance of UTC-70 Mombrane

membrane against oxi-

dizing agents such as Mstal lon Rejection (X) Flux (nd/m¥/day)

chlorine and  hydrogen Hons 9. 52 1.20
peroxide is an important Foit 99, 10 1.25

point in an actual unlt 49. 70 0. 55
application. Table III i ' s
shows the chlorine °%+ " 48.30 .32
tolerance of uTc-70 — T D 10.00 2.25
membrane. After exposure 1) 1.54Pa, 1500ppm NaCl, 25°¢, pHE. §

to 100ppm chlorine for 2) 100ppnCly, Hetal ton Conc. Ippm. pHE. §, 25°C, 50hrs,
50 hours, the decline of 3) UTC-10:Rsj. <89, 63X, F lux=0. 36mo/m2/day  —

sodium chloride rejec-
tion was within the

1V, HyO ute-
allowable range. However, Tebls 30 Tolerance of UTC-70

in the presence of heavy Ha07(X)-Expos, hest Re (0 Flux(nd/m?/day)*?
metal ionm, oxidative ; TP g 70

membrane degradation_ was

accelerated. Especially, ! 2-40 9.7 L
manganese(II) ion can )(— il 2 - 40 0,30 35.0
Teact —with sodium (without EDTA) B —

hypochlorite in the ¢ 2kg/eat, 25°C, pH6. 5, EDIA 100pon de [
ngsence of copper and *$ 15kg/cm?, 1500ppm NaCl, 25°C, pHE, § H?G'I"(_('TQ - F%\?M Vm}ﬂf

generate permanganate ion, AMY 2DTa avam Commg
which is a strong oxidanta. In this system, membrane performance
was fallen to the low level during a short time.
Table IV shows the durability ageainst hydrogen peroxide.
UTC-70 membrane has the high tolerance for hygrogen peroxide. In
this test, EDTA is dosed to prevent hydroxy radical formation.
Hydroxy radical is a strong oxidizing agent, which emerges in
the presence of ferric ion.

Very Low Pressure Reverse 0smosis Membrane
This kind of membranes are called "loose RO" and operated

less than 10 kg/cmz. From view point of membrane material, the
membranes are divided into two categories, crosslinked fully
aromatic polyamide (NF-50, NF-70), and polypiperazineamide
(UTC-20HF, UTC~60, NTR-7250, NF-40, NF-40HF) . Separation
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Fig.6. s3f 25°C
Hereafter the features of ' $00ppm NaCl
UTC-60 and UTC-20HF will be 90 LTC 7 0R—
introduced as examples. NTR-729HF F
As reverse osmosis 85} Q
membrane, these membranes did -3 f\\Nqu
not give a high rejection of g
low molecular weight organics. & ’ﬂﬂfﬁﬂfff*°
However, UTC-60 when the &7° O™
objective organics was acidic, S 60 LTC-20HF
or UTC-20HF when the objective £y YNF40
organics was basic, worked 40 Q- N\
rather better. Moreover, 3 NF-4OHF NF-50
organics lager than cane sugar i
(Mw 342.3) were almost + . 1 .
perfectly rejected which 0 0s 10 15 20
. . Flux(mim?d)
opened the way to application
in food industries. Flg. 8
Comparison of Desallnation Parformance
Tolerance for Oxidizing Agents of Comasrclally Available Ultra Lox
of UTC-60 Membrane Presaure Mombranas
Table V gives the test
results of UTC-60 under Table V. Chlorine Tolerance of UTC-§0 Membrane
continuous dosing of 10-100ppm Chlorine Expas. .
of chlorine. The membrane Cl; Conc, (ppm-hra)  Reiection(®)
performance after about 13,000 | 1 - 24 82.0
ppr hr. exposure declined from Y 10 - 100 85.0
82% initial rejection down to Hi 50 - 115§ 8.5

[

1y 100 - 130 20.0

3,2 L.
BO%, and 1.4 n"/m_ day initial Press, 1. Skg/cn? . NaCl1500ppm, pHE. 5, 25°C

flux down to 1.13 m”/m’ day

with _ 500ppm level of

performance change suggested that the chlorine tolerance of
gzg:gp was at the level of CA membrane.

Ultrafiltration (UF) Membranes

Since A.S.Michaels succeeded in making an artificial
ultrafiltration membrane, various kinds of membranes has been
investigated an? developed.

Recently, there 1is an increasing need for separation of
proteins and peptide drugs from biological broths due to the
development of biotechnology. However, many ultrafiltration
membranes have been troubled with membrane fouling, which
changes membrane performance during operation. In  the
pharmaceutical and the food industry. ultrafiltration mewmbrane
is required to have a high temperature resistance and a solvent
resistance, which can allow to use in nonaquecus svstem.

Membrane Materials of UF Membrane

In order to satisfy these requirements, many types of UF
membranes were tested in the aforementioned fields.

Cellulose acetate (CA) membrane has high water permeability
and easy manufacturing as an advantage. However, a fairly narrow
temperature range, a rather narrow pH range, compaction and
biodegradation limit to expand its applied field.
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Polyacrylonitrile (PAN) membranes are widely used. However, this
membrane sometimes trouble with . fouling by nonspecific
adsorption,

At the present day, polysulfone is one of the most popular
membrane material because of its high durability. Advantages of
this membrane are wide temperature limit, wide pH tolerance,
fairly good chlorine resistance and availability of wide range
pore size. However, this membrane also could not avoid a
membrane fouling. Numerous investigations have been done to
overcome this problem. In general, it is practically said that a
hydrophilic material is preferable as a fouling resistance
membrane material.

First approach of hydrophilic polysulfone membrane is

coating of hydrophilic material on the membrane surface7 and
next one is introduction of hydrophilic group., such as
sulfonate, carboxylate, 8 amino and  hydroxyl group, to a
polysulfone's main chain~. As an another approach, blend or
graft of polyvinylpyrrolidone - (PVP) derivertive was
investigated”. In spite of these researches, ultrafiltration
membrane, which has a fouling resistance with a high durability
has not yet developed.

UF Membranes based on PPSS PPso

PPSS is an amorphous super ‘f3C3*5°2*C:*53i'

engineering plastics, which has a
high glass transition temperature
(215 _°C), more hydrophilic than
polysulfone and solvent resistance.
Chemical structure is shown in
Fig.7. We have found that asymmetric 100 ' " T
PPSS UF membrane could be fabricated a® o

by using a phase inversion method. %9 o0
Fig.B8 shows the separation perform-
ance of PPSS flat membrane (PPSS).
Separation performance can be easily
contrnllad hy fahrication condition.
Molecular wedight cutoff level was

among<ﬁ40,00 - 100,00 ith

high m% _ I

with polysulfone membranes. PEG100. 000 (1000ppa), Ikg/cnl
We have also found another 70 ) ) )

incredible  phenomenon. Qxidative 05 1.0 1.5 20 2.5

treatment of PPSS UF membrane could

Fig.1 Chemical Structure of
Poly(phanylens sulfide sulfone)
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glve the more heat and solvent Flux(nd/n?/day)
resistance, qggmmtgguwggrg~ hydro- Fig.8

philicity without change of wembrane Separation Performance of PPSS
separation performance. THess UF Membranes

phenomena are presumed results of

improving the crystallinity of the polymer and increasing the
amount of hydrophilic ~50,- linkage.

Fig.9 shows the retention rate of separation performance
after immersed in organic solvents for 50 hours. It is clear
that the PPSS and the oxidized PPSS membrane (designated as
PPSO)has an excellent solvent resistance. Fig.10 shows the
retention rate of separation performance after autoclave
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