REVERSE- OSMOSI S- MEMBRANE DEVI CE AND METHOD FOR OPERATI NG THE
SAMVE

Field of Invention

[ 0001] The present invention relates to a reverse-osnosi s-
menbrane device that treats water including a high-nolecul ar
organi ¢ substance that may adsorb onto a nenbrane and

contam nate the nmenbrane, such as MBR-treated water, and a
met hod for operating the reverse-osnosi s-menbrane devi ce.
The present invention also relates to a nmethod for treating
biologically treated water with the reverse-osnosi s- menbrane
devi ce.

Background of I|nvention

[ 0002] I n seawat er desalination, ultrapure water
production, industrial water treatnent, wastewater
reclamation, and the |ike, reverse osnosis nenbranes have
been used for renoving ions, organic substances, and the
like included in raw water (see, non-patent literature 1).
The perneation flux of a reverse osnosis nenbrane nay be
reduced by mcroorganisns that proliferate on the surface of
t he menbrane and organi ¢ substances adsorbed on the surface
of the menbrane. Furthernore, a reverse osnosis nenbrane
may be clogged with solid particles. This increases the
pressure difference across a nodule. Accordingly, a reverse
osnosi s nmenbrane needs to be cl eaned periodically in order

to restore the perneation flux of the menbrane and the



difference in pressure between the feed-side end and the
concentrate-side end portion of an el enent (hereinafter,
referred to as "pressure difference across an elenent").

[ 0003] Sone reverse-osnosi s- menbrane devi ces include an

el enent having a nmenbrane structure referred to as "spiral
structure". An exanple of the spiral nenbrane el enents used
inthe related art is a spiral nenbrane el enent produced by
bondi ng two reverse osnosi s nmenbranes di sposed on respective
surfaces of a perneate spacer along three sides thereof in
order to forma bag-1ike nenbrane, attaching an opening
portion of the bag-like nmenbrane to a perneate collection
tube, and subsequently w nding the bag-Ii ke nmenbrane around
the outer periphery of the perneate collection tube with a
net-like feed spacer in a spiral form The raw water fed
froman end portion of the elenent flows along the feed
spacer and is discharged fromthe other end portion as a
concentrate. While the raw water flows along the feed
spacer, it passes through the reverse osnobsis nenbrane as a
pernmeate. The perneate flows into the perneate collection
tube al ong the perneate spacer and is discharged froman end
portion of the perneate collection tube.

[ 0004] In the spiral nenbrane el enent, the feed spacer,
which is interposed between the bag-1ike nmenbranes wound
around the perneate collection tube, forns a rawwater path

Therefore, increasing the thickness of the feed spacer



included in the spiral nmenbrane el ement reduces the

l'i kel i hood of the raw water channel being clogged with solid
particles and prevents an increase in the pressure

di fference across the elenent, a reduction in the anount of
perneate, and the degradation of the quality of the perneate
which may result fromthe accunul ation of the solid
particles. Spiral reverse-osnosis-nenbrane el enents that

i nclude a feed spacer having a large thickness in order to
reduce the occurrence of clogging with solid particles are
on the market.

[ 0005] However, increasing the thickness of the feed
spacer reduces the area of the nmenbrane per elenent and the
anount of perneate per elenent. The area of the nenbrane
included in a comercially avail able spiral reverse-osnosis-
menbrane el enent is 42 nf (440 ft?) or |ess.

[ 0006] Mor eover, increasing the thickness of the feed
spacer does not cause a reduction in the perneation fl ux

whi ch results fromthe adsorption of nenbrane foul ants onto
t he nenbrane. Reducing the thickness of the feed spacer in
order to increase the area of the nenbrane per el enent

i ncreases the risk of the channel being clogged with solid
particles.

[ 0007] Organi c wastewater, such as sewage, nay be treated
by a nenbrane-separation activated sludge process in which a

menbr ane bioreactor (MBR) is used. The wastewater is



subj ected to an activated sludge process in a biological
treatnent tank. A liquid including activated sludge is
subj ected to solid-liquid separation in an i mersed
menbr ane- separ ati on device, which is arranged in the
bi ol ogi cal treatnent tank to be imersed in the |iquid.
non-patent literature 2 discloses a nethod for treating
organi c wastewater in which water treated with an MBR
(pernmeate obtained by filtration through the filter included
in the i mersed nenbrane-separation device) is directly fed
into a reverse-osnosi s-nmenbrane devi ce and subjected to
rever se- osnosi s- nenbr ane separation
[ 0008] The MBR-treated water includes a | arge anount of
hi gh- nol ecul ar organi ¢ substance havi ng a nol ecul ar wei ght
of 10,000 or nore, which acts as a menbrane foul ant.
Accordingly, in a reverse-osnosi s-nmenbrane device that
treats the MBR-treated water, the perneation flux may
decrease with tinme, and the difference in pressure across
t he nenbrane may be increased.
Ctation List
[ 0009] Non-patent literature 1. "Practical Menbrane
Separation Techni que for Users", published by N kkan Kogyo
Shi mbun, Ltd. on April 30, 1996, first edition, first
printing, page 6

Non-patent literature 2: "Technique for Mnufacturing

Wat er Treat nent Menbrane and Eval uation of Materials of



Wat er Treat nent Menbrane", published by Science & Technol ogy
Co., Ltd. on January 30, 2012, first Edition, first Printing,
page 11

Summary of Invention

[ 0010] An object of the present invention is to provide a
rever se-osnosi s- nenbrane devi ce capable of treating raw

wat er including a |arge anount of nenbrane foul ants, such as
MBR-treated water, with stabilitywhile preventing a

reduction in the anount of perneate, a nethod for operating

t he reverse-osnosi s- nenbrane device, and a nethod for
treating biologically treated water with the reverse-
osnosi s- menbr ane devi ce.

[ 0011] It is known that, when the degree of concentration
pol ari zation on the surface of a reverse osnosis nenbrane is
| arge, the solute concentration in the vicinity of the
surface of the nenbrane is increased. The inventors of the
present invention inspected a spiral reverse-osnosis-
menbrane el enent and, as a result, found the follow ng facts.
[ 0012] 1) Reducing the perneation flux of the nenbrane
reduces the degree of concentration polarization.

2) Increasing the water-feeding linear velocity in the
vicinity of the surface of the nenbrane reduces the degree
of concentration polarization.

3) An increase in the nol ecular weight of the solute

results in an increase in the degree of concentration



pol ari zati on.

The inventors further found the foll ow ng facts.

The substances responsi ble for the contam nation of the
menbr ane, which causes fouling, are high-nolecular organic
substances havi ng a nol ecul ar wei ght of 10,000 or nore and,
in particular, nmetabolites of |iving organisnms, such as
pol ysacchari des and proteins. Wen concentration
pol ari zation is caused by such hi gh-nol ecul ar organic
substances, the perneation flux and the anmount of perneate
are significantly reduced.

[ 0013] When the thickness of a reverse osnosis nenbrane is
reduced, the area of the nenbrane per elenent is increased.
In such a case, the perneation flux can be reduced conpared
with the spiral reverse-osnosis-nenbrane el enents used in
the related art while the anmount of perneate is maintained
to be constant. Mbreover, operating a reverse-osnpsi s-
menbr ane device such that the perneation flux is equal to or
smal l er than a specific value reduces the degree of
concentration polarization and prevents reductions in the
perneation flux and the anount of perneate.

[ 0014] Reduci ng the thickness of the feed spacer in order
to increase the area of the nenbrane per el enent increases
the risk of the channel being clogged in the case where the
raw water includes a |arge anount of solid particles. On

t he ot her hand, reducing the thickness of a base material of



t he nenbrane enabl es the area of the nenbrane per elenent to
be increased w thout reducing the thickness of the feed
spacer.

[ 0015] The present invention was nade on the basis of the
above-descri bed facts. The sumary of the present invention
is as foll ows.

[0016] [ 1] A nethod for operating a reverse-osnosis-nenbrane
device that treats raw water including a high-nolecul ar
organi ¢ substance, the raw water including a high-nolecul ar
organi ¢ substance having a nol ecul ar wei ght of 10,000 or
nmore at a concentration of 0.01 ppmor nore, the reverse-
osnosi s- menbr ane devi ce i ncluding a reverse-osnpsi s- menbr ane
el emrent including a nenbrane unit, the nmenbrane unit

i ncluding a reverse osnosi s nmenbrane having a thickness of
0.1 mmor |less, a feed spacer disposed on a surface of the
reverse osnosi s nenbrane, and a perneate spacer disposed on
t he other surface of the reverse osnosis nenbrane, the

met hod conprising operating the reverse-osnosi s-nmenbrane
devi ce such that a perneation flux of 0.6 mid or less is
achi eved.

[0017][2] The nethod for operating the reverse-osnpsis-

menbr ane device according to [1], wherein the perneation
flux is 0.45 nmd or |ess.

[0018] [ 3] The nethod for operating the reverse-osnosis-

menbr ane device according to [1], wherein the reverse-



osnosi s-menbrane elenment is a spiral reverse-osnosis-

menbr ane el enent .

[ 0019] [ 4] The nethod for operating the reverse-osnpsis-

menbr ane device according to any one of [1] to [3], wherein
the raw water is water treated with a nenbrane bi oreactor.

[ 0020] [ 5] A reverse-osnpsi s-nenbrane device that treats raw
wat er including a high-nol ecul ar organi ¢ substance having a
nol ecul ar wei ght of 10,000 or nore at a concentration of
0.01 ppmor nore, the reverse-osnosis-nenbrane device

i ncluding a reverse-osnosi s-nenbrane el enent including a
menbrane unit, the nmenbrane unit including a reverse osnpsis
menbrane having a thickness of 0.1 mmor |less, a feed spacer
di sposed on a surface of the reverse osnobsis nenbrane, and a
per neat e spacer disposed on the other surface of the reverse
osnosi s nenbrane, the reverse-osnosis-nenbrane devi ce being
operated such that a perneation flux of 0.6 mid or less is
achi eved.

[0021][ 6] A nethod for treating biologically treated water,
the method conprising treating biologically treated water by
rever se- osnosi s- nenbrane separation with the reverse-
osnosi s- menbr ane devi ce according to [5].

Advant ageous Effects of Invention

[ 0022] According to the present invention, it is possible
to treat raw water including a | arge anount of nenbrane

foul ants, such as MBR-treated water, by reverse-osnosis-



menbrane separation with stabilitywhile preventing a
reduction in the anount of perneate.
[ 0023] According to the present invention, it is possible
to increase the area of a reverse osnosis nmenbrane per
el enent by reducing the thickness of the nmenbrane. This
allows the perneation flux to be reduced conpared with the
spiral reverse-osnosis-nenbrane el enments used in the rel ated
art while the anmount of perneate per one elenent is
mai ntai ned to be constant. Operating a reverse-osnosi s-
menbr ane device such that the perneation flux is equal to or
smal l er than a specific value reduces the degree of
concentration polarization in the vicinity of the surface of
t he nmenbrane and prevents a reduction in the anmount of
perneate. This enables a consistent treatnent to be
performed for a prolonged period of tine.
Brief Description of Draw ngs
[ 0024] Fig. 1 includes systemdiagrans illustrating a
met hod for treating biologically treated water according to
an enbodi ment of the present invention.

Fig. 2 is a graph illustrating the relationships
bet ween the perneation flux and the concentration rate in
rever se- osnosi s- nenbrane separation treatnments in which the
raw water is an aqueous NaC solution or water including a
hi gh- nol ecul ar organi ¢ substance having an average nol ecul ar

wei ght of 10, 000.



Fig. 3 is a schematic cross-sectional view of a flat-
menbrane cell used in Exanples, illustrating the structure
t her eof .

Descri ption of Enbodi nents

[ 0025] The detail of enbodinents of the present invention
is described bel ow.

[ 0026] <Raw Wat er >

The raw water treated by reverse-osnosi s- menbrane
separation in the reverse-osnosi s-nenbrane devi ce accordi ng
to the present invention includes a high-nolecul ar organic
subst ance having a nol ecul ar wei ght of 10,000 or nore at a
concentration of 0.01 ppmor nore. High-nolecular organic
subst ances having a nol ecul ar wei ght of 10,000 or nore and,
in particular, nmetabolites of l|iving organisns, such as
pol ysacchari des and proteins, are likely to foul the
menbrane and reduce the perneation flux. The concentration
of the high-nol ecul ar organic substance in the raw water is
preferably 0.05 to 0.5 ppm
[ 0027] Exanpl es of water including such a high-nol ecul ar
organi ¢ substance include water produced by wastewater
recl amati on, water produced by biologically treating a
wastewater, and, in particular, water produced by treating a
wast ewater with an MBR
[ 0028] The concentration of the high-nolecul ar organic

substance having a nol ecul ar wei ght of 10,000 or nore in



wat er nmay be determ ned by using equi pnment that neasures TOC
and the like by performng the fractionation of nolecul ar
wei ght by chromat ography such as LC-OCD (liquid
chr omat ogr aphy- organi ¢ carbon detection) or HPLC (high-
performance |iquid chromatography). A measurenent nethod in
which the TOC is determ ned after substances having a
nol ecul ar wei ght of 10,000 or nore and substances having a
nol ecul ar wei ght of |ess than 10,000 have been separated
from each other by using a UF nenbrane having a cutoff
nmol ecul ar wei ght of 10,000 may al so be used. The
measurenment nethod is not limted to the above nethods.
[ 0029] <Reverse Osnpsi s Menbrane>

The reverse osnosis nenbrane used in the present
invention has a thickness of 0.1 mmor |ess. The thickness
of common reverse osnosis nenbranes used in the related art
is about 0.13 mm If the thickness of the reverse osnosis
menbr ane exceeds 0.1 mm the area of the nmenbrane per
el enent and the amount of perneate may fail to be increased
to sufficient degrees.
[ 0030] I f the thickness of the reverse osnobsis nenbrane is
excessively small, the strength of the nenbrane may be
reduced to an insufficient level. The thickness of the
reverse osnosi s nenbrane used in the present invention is
preferably about 0.01 to 0.1 mmand is particularly

preferably about 0.03 to 0.07 mm



[ 0031] It is preferable to use a nenbrane having a high
rejection. As a material of the reverse osnosis nenbrane
an aromati c pol yam de nmenbrane synt hesi zed from

phenyl enedi am ne and an acid chloride on a base material is
preferable. However, the nmaterial of the reverse osnosis
menbrane is not [imted to this. The above aromatic

pol yam de nmenbrane can be synt hesized by, for exanple, the
nmet hod described i n Japanese Unexam ned Patent Application
Publ i cati on No. 8-224452, Japanese Unexam ned Pat ent
Application Publication No. 9-253455, Japanese Unexan ned
Pat ent Application Publication No. 10-174852, or Japanese
Unexam ned Patent Application Publication No. 2006-95476.

[ 0032] The base material of the reverse osnosis nenbrane
is preferably a sheet-like material. A nonwoven fabric made
fromlong fibers is suitably used as a sheet-I|ike base
material in order to maintain the strength of the nenbrane
even when the thickness of the nenbrane is small and all ow
the thickness of a polyner |layer such as a pol ysul fone |ayer,
which is to be deposited on the base material, to be reduced.
Exanpl es of such a base material include |Iong-fiber nonwoven
fabrics described in Japanese Unexam ned Patent Application
Publ i cati on No. 2009-57654, International Publication No.
W02010/ 126109, and I nternational Publication No.

Wo2010/ 126113.

[ 0033] The reverse osnosi s nenbrane preferably include a



| ong-fi ber nonwoven fabric and an aromati c pol yam de- based
dense |l ayer fornmed thereon with a polyner |ayer such as
pol ysul fone | ayer interposed therebetween. The thickness of
the |l ong-fiber nonwoven fabric is preferably 10 to 100 um
The thickness of the polynmer layer is preferably 1 to 40 um
The thickness of the aromatic pol yam de-based dense | ayer is
preferably 0.01 to 1 um
[ 0034] <Reverse-(0Osnosi s- Menbrane El enent >

The reverse-osnosi s- menbrane el enent charged in the
rever se-osnosi s- nenbrane device preferably includes a
menbrane unit including a flat reverse osnosis nenbrane; a
feed spacer disposed on the primary side (one of the
surfaces) of the nenbrane through which the raw water is
passed; and a perneate spacer disposed on the secondary side
(the other surface) of the nenbrane through which the
perneate is passed. The reverse-osnosi s-nmenbrane el enent
may include a plurality of nmenbrane units stacked on top of
one another. The reverse-osnosis-nenbrane el ement nmay be a
spiral reverse-osnosis-nenbrane el enment forned by w nding
t he above nenbrane unit in a spiral form The spiral
rever se-osnosi s- nenbrane el ement nmay be suitable in terns of
space efficiency.
[ 0035] The dianmeter of the spiral reverse-osnosis-nenbrane
el emrent may be, but not limted to, 4, 8, or 16 inches. The

| ength of the elenment is comonly, but not limted to, about



1m

[ 0036] The feed spacer and the perneate spacer are
preferably, but not Iimted to, nmesh-like spacers
constituted by a plurality of wires conposed of a resin such
as pol yet hyl ene or pol ypropyl ene which have the sane or
different dianeters, the wires being arranged at the regular
intervals and being arranged to intersect one another at an
angl e of 45 to 90 degrees.

[ 0037] | f the thickness of the feed spacer is excessively
small, the risk of the channel being clogged with solid
particles may be increased. On the other hand, if the

t hi ckness of the feed spacer is excessively large, the area
of the menbrane per elenent and the perneation flux are
reduced. Thus, the thickness of the feed spacer is
preferably 0.6 to 0.9 mm Feed spacers having thicknesses
of, for exanmple, 0.69 M (26 ml), 0.71 mm (28 ml), and
0.86 mMm (34 m1l) are commercially avail abl e.

[ 0038] The thickness of the perneate spacer is not limted
but preferably 0.1 to 0.25 nm |If the thickness of the
permeat e spacer is excessively large, the area of the
menbrane per elenent is reduced as in the case where the

t hi ckness of the feed spacer is excessively large. On the
ot her hand, if the thickness of the perneate spacer is
excessively small, the pressure difference is increased and

t he amount of perneate is reduced.



[ 0039] <Perneation Flux>

In the present invention, a reverse-osnosis-nmenbrane
devi ce including the above-described reverse osnosis
menbrane having a thickness of 0.1 mmor less is operated
such that the pernmeation flux is 0.6 md or |ess.
[ 0040] The pure-water perneation flux of a reverse-
osnosi s- menbr ane devi ce at normal operating pressure is
normally 0.7 to 0.85 md. In the case where raw water
i ncluding inorganic salts or organic substances is passed
t hrough the reverse-osnosi s- nenbrane devi ce, the perneation
flux is conmmonly set to about 0.5 to 0.7 md.
[ 0041] The inventor of the present invention
experinmentally confirnmed that a high-nol ecul ar organic
substance having a nol ecul ar wei ght of 10,000 or nore is a
substance that contam nates a reverse osnosis nenbrane and
that the perneation flux of the nmenbrane is significantly
reduced when the concentration of the high-nol ecul ar organic
substance in the vicinity of the surface of the nmenbrane
exceeds 1 ppm The inventor of the present invention found
that, in the case where the concentration of the high-
nol ecul ar organi ¢ substance having a nol ecul ar wei ght of
10,000 or nore in the raw water is 0.01 ppmor nore, the
perneation flux of the nenbrane is significantly reduced
when the concentration rate in the vicinity of the surface

of the menbrane exceeds 100 tines. For controlling the



concentration rate not to exceed 100 tinmes, it is necessary
to set the perneation flux to 0.6 nid or less. Accordingly,
in the present invention, the reverse-osnosis-nenbrane
device is operated such that the perneation flux is 0.6 md
or less and preferably 0.45 md or |less. However, reducing
the perneation flux to an excessively | ow | evel increases
t he nunber of menbranes required and not econom cal. Thus,
the pernmeation flux is preferably 0.2 mid or nore.
[ 0042] The anobunt of concentrate adequate for an 8-inch
spiral reverse-osnosis-nenbrane element is 2.0 to 8.0 n/ h.
The linear velocity corresponding to the above anount of
concentrate is 0.05 to 0.15 mis.
[0043] <Treatnent of Biologically Treated \Water>

The reverse-osnosi s- menbrane devi ce according to the
present invention may be suitably used for, in particular,
treating biologically treated water by reverse-osnosi s-
menbr ane separ ati on.
[ 0044] Figs. la, 1b, and 1c are system di agrans
illustrating a nmethod for treating biologically treated
wat er according to an enbodi nent of the present invention,
in which the reverse-osnosi s- nenbrane device according to
the present invention is used.
[ 0045] In Fig. la, biologically treated water that has
been treated in aerobic and/ or anaerobic biol ogical

treatment neans 1, coagul ation treatnment neans 2, solid-



liquid separation neans 3 such as pressure flotation, and
filtration neans 4 is passed through a safety filter 5,
subsequently introduced to a reverse-osnosi s-nenbrane devi ce
6, and treated by reverse-osnosi s-nmenbrane separation. In
Fig. 1b, water treated in biological treatnent neans 1 is
directly subjected to solid-liquid separation in filtration
means 4 such as a nenbrane filtration device, subsequently
i ntroduced to a reverse-osnosi s-nenbrane device 6, and
treated by reverse-osnosi s-nmenbrane separation. In Fig. lc,
water treated with an MBR (i nmersed nenbrane-separation
device) 7 is directly introduced to a reverse-osnosi s-
menbrane device 6 and subsequently treated. The present
invention is not limted by the above nethods.
EXAMPLES
[ 0046] The present invention is described nore
specifically with reference to Reference exanpl es, Exanpl es,
and Conparative exanpl es bel ow.
[0047] [Reference Exanple 1]

Ei ght-inch spiral reverse-osnosis-nenbrane el enents
each including a feed spacer having a thickness of 0.71 mm
a perneate spacer having a thickness of 0.23 nm and a
reverse osnosi s nenbrane having a different thickness were
prepared. For each of the above reverse-osnosi s-nmenbrane
el enents, the area of the nenbrane per elenent and the

perneation flux corresponding to the anount of perneate of



1.1 m/h were calculated. Table 1 summmarizes the results.

[ 0048]
[ Tabl e 1]
Thickness Of. Area of Permeation
reverse bC)SI”r‘IOSIS membrane flux
memprane 2

(mm) (m?) (m/d)
0.13 41.8 0.63
0.10 440 0.60
0.08 456 0.58
0.06 473 0.56
0.03 50.2 0.526

[ 0049] The results shown in Table 1 confirmthat reducing

t he thickness of the reverse osnobsis menbrane increases the
area of the nenbrane per el enent and enabl es the perneation
flux to be reduced while the anobunt of perneate is

mai nt ai ned to be constant.

[ 0050] [Reference Exanple 2]

The rel ationship of the perneation flux and the
concentration rate (the concentration in the vicinity of the
surface of the nmenbrane/ average bul k concentration) in a
rever se- osnosi s- nenbrane separation treatnent was determ ned
for each of the case where an aqueous NaC sol ution was used
as raw water and the case where water including a high-

nmol ecul ar organi ¢ substance having an average nol ecul ar



wei ght of 10,000 was used as raw water. Fig. 2 illustrates
the results.
[ 0051] The results shown in Fig. 2 confirmthat, in
general, the concentration of a high-nolecul ar organic
substance in the vicinity of the surface of the nmenbrane
significantly increases with an increase in the perneation
flux and a reduction in the average |inear velocity conpared
wi th a substance having a small nol ecul ar wei ght, such as
NaCl , although the increase in concentration may vary
somewhat depending on the type of the high-nol ecul ar
subst ance.
[ 0052] [Exanple 1]
<Production of Nonwoven Fabric>

A |l ong-fiber nonwoven fabric was prepared in the
foll owi ng manner in accordance with the nethod described in
Japanese Patent Publication 2009-57654A.
[ 0053] Pol yet hyl ene terephthal ate including titani um oxi de
and a copol yester having an isophthalic acid-
copol yneri zation ratio of 10% by nol e which incl uded
titani um oxide were nelted at 295°C and 280°C, respectively.
The pol yet hyl ene terepht hal ate, which served as a core
conponent, and the copol yester, which served as a sheath
conponent, were extruded fromorifices of a spinneret having
a tenperature of 300°C such that the rati o between the

wei ghts of core and sheath was 80: 20 and spun as core-sheath



filaments with an ejector. The core-sheath filanments were
coll ected on a noving net conveyor as a fiber web. The
fi ber web was subjected to therno-conpression bonding with a
pair of upper and lower flat rollers. Thus, a spunbond
| ong-fi ber nonwoven fabric having a thickness of 70 um was
pr epar ed.
[ 0054] <Formation of Pol yner Layer>
In 82 parts by weight of dinethylformam de, 18 parts by
wei ght of pol ysul fone was di ssol ved whil e heating was
performed at 80°C. The resulting solution was filtered and
degassed to forma pol ysul fone solution used for formng a
pol ymer |ayer. The polysul fone solution was applied to one
of the surfaces of the above | ong-fiber nonwoven fabric.
The resulting nonwoven fabric was placed in solidifying
wat er having a tenperature of 35°C in order to perform phase
separation and subsequently washed with water in order to
remove the solvent remaining in the nenbrane. Thus, a
pol ysul fone | ayer having a thickness of 30 um was forned.
[ 0055] <Formation of Aromatic Pol yam de- Based Dense Layer>
A pol yam de- based dense | ayer was forned on the above
pol ysul fone layer in the foll ow ng manner.
[ 0056] An aqueous sol ution including 3.0% by weight of m
phenyl enedi am ne and 0. 15% by wei ght of sodium | auryl
sul fate was applied to the polysul fone | ayer disposed on the

| ong-fi ber nonwoven fabric such that the thickness of the



resulting coating filmwas 5 nm The excess sol ution was
removed with a rubber-blade w per. The coating fil mwas
brought into contact with a paraffinic hydrocarbon oi
solution including 0.15% by weight of trinmesic acid chloride
for 5 seconds. The nonwoven fabric was subsequently placed
in a drying furnace heated at 125°C and dried for about 2
mnutes in order to cure the coating film Thus, an
aromati ¢ pol yam de-based dense | ayer having a thickness of
0.2 pum was forned.
[ 0057] The resulting reverse osnosis nenbrane, which
i ncluded the | ong-fiber nonwoven fabric, the polyner |ayer,
and the aromatic pol yam de- based dense | ayer that were
stacked on top of one another, had a thickness (total
t hi ckness) of 0.10 nm The rejection and the perneation
flux of the reverse osnpsis nmenbrane which were determ ned
at an evaluation pressure of 0.75 MPa were 99.3% and 1.2 nid,
respectively.
[ 0058] <Water Flow Test>

Simul ating an 8-inch spiral reverse-osnosi s-nenbrane
el enent having a nenbrane area of 44.0 nf, the above reverse
osnosi s nmenbrane was cut into a piece having a width of 50
mm and a | ength of 800 mm The piece of the reverse osnosis
menbrane, a feed spacer that was conposed of pol ypropyl ene
and had a thickness of 0.71 mm and a perneate spacer that

was conposed of a ceram c (a porous ceram c sintered body)



and had a thickness of 3 nrmwere attached to a test flat-
menbrane cell illustrated in Fig. 3.

[ 0059] The flat-nmenbrane cell illustrated in Fig. 3

i ncl udes channel -form ng nenbers 21, 22, and 23 nade of an
acrylic resin; pressure-resistant reinforcing nenbers 24 and
25 made of SUS; and a nenbrane unit including a feed spacer
11, a perneate spacer 12, and a reverse osnosis menbrane 10
i nt erposed between the feed spacer 11 and the perneate
spacer 12. The nenbrane unit is disposed in a space defined
by the channel -form ng nmenbers 21, 22, and 23 and the
pressure-resi stant reinforcing nenbers 24 and 25.

[ 0060] The raw water fed onto the primary side of the
reverse osnosis nenbrane 10 through a rawwater inlet 13
flows along the feed spacer 11, while the perneate passed

t hrough the reverse osnosis nenbrane 10 is discharged froma
perneate outlet 15 through the perneate spacer 12. The
concentrate is discharged through a concentrate outlet 14.

[ 0061] The raw wat er used was wat er produced by treating
biologically treated water by coagul ation and filtration.
The raw wat er was passed into the flat-nenbrane cell such
that the perneation flux was 0.6 md and the flow rate of
the concentrate was 0.11 mls in terns of |inear velocity.
After a | apse of 500 hours, the anobunt of perneate was
measur ed.

[ 0062] The amount of perneate was 1.04 n?/h in terms of 8-



inch elenment. The concentration of a high-nol ecular organic
substance having a nol ecul ar wei ght of 10,000 or nore in the
raw water was 0. 05 ppm
[0063] [Exanple 2]

A |l ong-fiber nonwoven fabric was prepared in the
foll owi ng manner in accordance with the nethod described in
W02010/ 126113.
[ 0064] In order to forma first surface |ayer,
pol yet hyl ene terephthal ate was extruded and spun as
filaments toward the surface of a nobving net at a spinning
tenperature of 300°C by a spunbond nethod. Thus, a |ong-
fi ber web was forned on the collection net. In order to
forman internedi ate | ayer, polyethyl ene terephthal ate was
spun by nelt blowing at a spinning tenperature of 300°C, and
the resulting nmelt-blown Iong-fiber |ayer was blown to the
| ong-fi ber web | ayer, which was fornmed by the above spunbond
method. On the resulting multilayer web, a long-fiber web
| ayer, which served as a second surface |ayer, was directly
formed by the sanme nethod as the |long-fiber web used as a
first surface layer. The nultilayer web was subsequently
subj ected to therno-conpression bonding with heated fl at
cal ender rollers. Thus, a nultilayer web including the
spunbond | ong-fiber layer, the nmelt-blown |ong-fiber |ayer,
and the spunbond | ong-fiber |ayer was forned. The

mul til ayer web was subjected to therno-conpressi on bondi ng



by cal ender rolling on the second-surface-I|ayer side and
imediately rapidly cooled with water-cooling rollers. Then,
the nultilayer web was subjected to therno-conpression
bondi ng by cal ender rolling on the first-surface-|ayer side
under the sanme conditions. That is, the multilayer web was
subj ected to therno-conpression bonding on the both sides.
Thus, a |ong-fiber nonwoven fabric was prepared.

[ 0065] The | ong-fi ber nonwoven fabric included an
internedi ate | ayer that was a |ong-fiber nonwoven fabric

| ayer having a fiber diameter of 1.7 umand first and second
surface | ayers conposed of long fibers having dianeters of 9
um and 10 um respectively, which were di sposed on the
respective surfaces of the internediate |ayer. The total

t hi ckness of the |ong-fiber nonwoven fabric was 50 um

[ 0066] On the long-fiber nonwoven fabric, a polyner |ayer
having a thickness of 10 um and an aromati c pol yam de- based
dense layer having a thickness of 0.2 umwere forned as in
Exanple 1. Thus, a reverse osnpsis nmenbrane was prepar ed.

[ 0067] The reverse osnosis nenbrane had a thickness (tota
t hi ckness) of 0.06 mm The rejection and the perneation
flux of the reverse osnpsis nmenbrane which were determ ned
at an evaluation pressure of 0.75 MPa were 99.3% and 1.2 nid,
respectively.

[ 0068] Sinmulating an 8-inch spiral reverse-osnosis-

menbrane el enent having a nenbrane area of 47.3 nf, the



above reverse osnbsi s nmenbrane was cut into a piece having a
width of 50 mm and a I ength of 800 nm The piece of the
reverse osnosi s nenbrane, a feed spacer, and a perneate
spacer were charged into a test flat-nmenbrane cell as in
Exanple 1. The test flat-nenbrane cell was subjected to a
water flow test as in Exanple 1. After a |apse of 500 hours,
t he amount of perneate was neasured. Table 2 sumrarizes the
results. The initial anount of permeate was 1.18 mi/h in
terms of 8-inch el enent.

[ 0069] [ Exanple 3]

A |l ong-fiber nonwoven fabric was prepared in the
foll owi ng manner in accordance with the nmethod described in
W02010/ 1261009.

[ 0070] In order to forma first surface |ayer,

pol yet hyl ene terephthal ate was extruded and spun as
filaments toward the surface of a noving collection net at a
spi nning tenperature of 310°C by a spunbond nmethod. The
filaments were opened to a sufficient degree by using charge
generated by corona charging. Thus, a long-fiber web was
formed on the collection net. In order to forman

i nternedi ate | ayer, polyethylene terephthal ate was spun by
melt blowing at a spinning tenperature of 300°C, and the
resulting fibers were blown to the long-fiber web layer. On
the resulting multilayer web, a |long-fiber web was forned by

the sane nethod as the long-fiber web used as a first



surface layer. Thus, a long-fiber nonwoven fabric including
t he spunbond | ong-fiber |ayer, the nelt-blown |ong-fiber

| ayer, and the spunbond | ong-fiber |ayer was formed. The

| ong-fi ber nonwoven fabric was subjected to therno-
conpressi on bonding as in Exanple 2.

[ 0071] The | ong-fi ber nonwoven fabric included an
internedi ate | ayer that was a |ong-fiber nonwoven fabric

| ayer having a fiber diameter of 1.7 umand first and second
surface | ayers conposed of long fibers having dianeters of 9
um and 10 um respectively, which were di sposed on the
respective surfaces of the internediate |ayer. The total

t hi ckness of the |ong-fiber nonwoven fabric was 20 um

[ 0072] On the long-fiber nonwoven fabric, a polyner |ayer
having a thickness of 10 um and an aromati c pol yam de- based
dense layer having a thickness of 0.2 umwere forned as in
Exanple 1. Thus, a reverse osnpsis nmenbrane was prepar ed.

[ 0073] The reverse osnosis nenbrane had a thickness (tota
t hi ckness) of 0.03 nm The rejection and the perneation
flux of the reverse osnpsis nmenbrane which were determ ned
at an evaluation pressure of 0.75 MPa were 99.3% and 1.2 nid,
respectively.

[ 0074] Sinmulating an 8-inch spiral reverse-osnosis-
menbrane el enent having a nenbrane area of 50.2 nf, the
above reverse osnosi s nenbrane was cut into a piece having a

width of 50 mm and a I ength of 800 nm The piece of the



reverse osnosis nenbrane, a feed spacer, and a perneate
spacer were charged into a test flat-nmenbrane cell as in
Exanple 1. The test flat-nenbrane cell was subjected to a
water flow test as in Exanple 1. After a |apse of 500 hours,
t he amount of perneate was neasured. Table 2 summarizes the
results. The initial anount of permeate was 1.26 mi/h in
terns of 8-inch el enent.

[ 0075] [ Exanple 4]

A test was conducted as in Exanple 3, except that the
perneation flux was changed to 0.5 mid. After a | apse of
500 hours, the anpbunt of perneate was neasured. Table 2
sumari zes the results. The initial anount of perneate was
1.05 m¥/h in terns of 8-inch el ement.

[ 0076] [ Exanple 5]

A test was conducted as in Exanple 3, except that the
perneation flux was changed to 0.45 md. After a | apse of
500 hours, the anpunt of perneate was neasured. Table 2
sumari zes the results. The initial anount of perneate was
0.94 m/h in ternms of 8-inch elenent.

[0077] |[Exanple 6]

A test was conducted as in Exanple 3, except that the
perneation flux was changed to 0.4 mid. After a | apse of
500 hours, the anpbunt of perneate was neasured. Table 2
summari zes the results. The initial anmount of perneate was

0.84 m/h in terms of 8-inch el enent.



[0078] [ Conparative Exanple 1]

A flat nmenbrane having a wdth of 50 nmand a | ength of
800 mMm was cut from an RO el ement "SUL- Q0" produced by
Toray Industries, Inc. The flat nenbrane, a feed spacer
(thickness: 0.71 mm), and a perneate spacer were charged
into a test flat-nmenbrane cell as in Exanple 1. The
rejection and the perneation flux of SUL-&0 which were
determ ned at an eval uation pressure of 0.75 MPa were 99.7 %
and 0.85 md, respectively. The thickness of the nmenbrane
included in SUL-G0 was 0.13 mm A water flow test was
conducted as in Exanple 1, except that the perneation fl ux
was changed to 0.7 mid. After a |apse of 500 hours, the
anount of perneate was neasured. Table 2 sumrarizes the
results. The initial anount of permeate was 1.22 mi/h in
terms of 8-inch el enent.

[0079] [ Conparative Exanple 2]

A water flow test was conducted as in Conparative

exanple 1, except that a feed spacer that was conposed of
pol ypropyl ene and had a thickness of 0.86 nm was used.
After a | apse of 500 hours, the anobunt of perneate was
measured. Table 2 summarizes the results. The initial
amount of permeate was 1.08 nf/h in terms of 8-inch el ement.
[ 0080] [ Conparative Exanple 3]

A test was conducted as in Conparative exanple 1,

except that the concentration of a high-nol ecul ar organic



substance having a nol ecul ar wei ght of 10,000 or nore in the
raw wat er used was 0.005 ppm After a | apse of 500 hours,

t he amount of perneate was neasured. Table 2 summarizes the
results. The initial anount of permeate was 1.22 mi/h in
terms of 8-inch el enent, which was equal to the initial

anount of perneate neasured in Conparative exanple 1.
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[ 0082] As is clear fromthe results shown in Table 2, in
Exanples 1 to 6, the anmobunt of perneate was consistently

| arge even after the |apse of 500 hours. In particular, in
Exanples 5 and 6, the anount of perneate did not decrease
after the | apse of 500 hours.

In contrast, in Conparative exanples 1 and 2, the
anount of perneate significantly decreased after the | apse
of 500 hours although the initial anount of perneate was
| arge. As shown in Conparative exanple 3, the perneation
flux decreased slowy when the concentration of a high-
nmol ecul ar organi ¢ substance having a nol ecul ar wei ght of
10,000 or nore in the raw water was | ow.
| ndustrial Applicability
[ 0083] The present invention may be applied to various
rever se- osnosi s- menbr ane devi ces used in seawater
desal ination, ultrapure water production, industrial water
treatnment, wastewater reclamation, and the |ike. The
present invention is particularly suitably applied to a
reverse-osnosi s- nenbrane device that treats biologically
treated water and, in particular, MBR-treated water.

[ 0084] Al t hough the present invention has been described
in detail with reference to particular enbodinents, it is
apparent to a person skilled in the art that various
nodi fi cati ons can be made therein w thout departing fromthe

spirit and scope of the present invention.



The present application is based on Japanese Patent

Application No. 2013-092657 filed on April 25, 2013, which

is incorporated herein by reference in its entirety.
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1 BIOLOGE CAL TREATMENT MEANS
COAGULATI ON TREATMENT MEANS
SOLI D- LI QUI D SEPARATI ON MEANS
FI LTRATI ON MEANS
SAFETY FI LTER
REVERSE- OSMOSI S- MEMBRANE DEVI CE
MBR (| MVERSED MEMBRANE- SEPARATI ON DEVI CE)

10 REVERSE CSMOSI S MEMBRANE

11 FEED SPACER

12 PERVEATE SPACER



CLAI M5
[Caim1]

A nethod for operating a reverse-osnosis-nenbrane
device that treats raw water including a high-nolecul ar
or gani ¢ subst ance,

the raw water including a high-nol ecular organic
substance having a nol ecul ar wei ght of 10,000 or nore at a
concentration of 0.01 ppm or nore,

the reverse-osnosi s- nenbrane device including a
rever se-osnosi s- nenbrane el enent including a nmenbrane unit,
the nmenbrane unit including a reverse osnpbsis nenbrane
having a thickness of 0.1 mmor less, a feed spacer disposed
on a surface of the reverse osnosis nenbrane, and a perneate
spacer di sposed on the other surface of the reverse osnosis
menbr ane,

the net hod conprising operating the reverse-osnosis-
menbr ane device such that a perneation flux of 0.6 nmd or
| ess i s achieved.

[Caim 2]

The nethod for operating the reverse-osnosis-nenbrane
device according to Claim1, wherein the pernmeation flux is
0.45 md or |ess.

[ O ai m 3]
The nethod for operating the reverse-osnosis-nenbrane

device according to Claim1, wherein the reverse-osnosi s-



menbrane elenment is a spiral reverse-osnpsi s-nmenbrane
el ement .
[ A ai m 4]

The nethod for operating the reverse-osnosis-nenbrane
devi ce according to any one of Clainms 1 to 3, wherein the
raw water is water treated wth a nenbrane bioreactor
[ A ai m 5]

A reverse-osnosi s-menbrane device that treats raw water
i ncl udi ng a hi gh-nol ecul ar organi ¢ substance having a
nmol ecul ar wei ght of 10,000 or nore at a concentration of
0.01 ppmor nore, the reverse-osnosis-nenbrane device
i ncluding a reverse-osnosi s-nenbrane el enent including a
menbrane unit, the nmenbrane unit including a reverse osnpsis
menbrane having a thickness of 0.1 mmor |less, a feed spacer
di sposed on a surface of the reverse osnobsis nenbrane, and a
per neat e spacer disposed on the other surface of the reverse
osnosi s nenbrane, the reverse-osnosis-nenbrane devi ce being
operated such that a perneation flux of 0.6 mid or less is
achi eved.

[ aim 6]

A nethod for treating biologically treated water, the
met hod conprising treating biologically treated water by
rever se-osnosi s- nenbrane separation with the reverse-

osnosi s- nenbr ane devi ce according to C aimb5.



