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(57) Abstract: Embodiments provide a water treatment system capa-
ble of separating water at low cost and a working medium. A water
treatment system of an embodiment includes: a first treatment con-
tainer having an osmosis membrane to partition a first chamber for
accommodating water to be treated and a second chamber for accom-
modating a working medium to induce osmotic pressure. The work-
ing medium is an aqueous solution containing a compound having a
metal salt structure ot a carboxylic acid group in a main chain, a side
chain, or a main chain and a side chain, a compound having a metal
salt structure of'a phosphonic acid group in a main chain, a side chain,
or a main chain and a side chain, or a compound having a metal salt
structure of a carboxylic acid group in a main chain, a side chain, or a
main chain and a side chain and a metal salt structure of a phosphonic
acid group in a main chain, a side chain, or a main chain and a side
chain and an inorganic salt as a solute.
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Description

Title of Invention: DRAWING AGENT FOR FORWARD OSMOSIS AND
PRESSURE RETARDED OSMOSIS AND A SYSTEM USING THE SAME

Technical Field

[0001]  Embodiments described herein relate to a water treatment system and a working
medium.
Background Art

[0002]  When a solution having a low solute concentration and a solution having a high
solute concentration are isolated from each other by an osmosis membrane, the solvent
of the low concentration solution permeates through the osmosis membrane and moves
to the high concentration solution side. A desalination system which performs de-
salination such as seawater desalination and an osmotic power generation system
which generates power by turning a turbine are known, and both of them utilize a
phenomenon that the solvent moves. In addition, concentration systems which con-
centrate foods and sludge by utilizing this phenomenon are also known. At this time,
the solution to be used on the higher concentration side is the working medium (draw
solution), and various kinds of working mediums have been proposed so far.

[0003]  As the solute of the draw solution, kitchen salt is generally used. Organic salts are
also used as the solute of the draw solution. However, a draw solution of an organic
salt has an inferior permeate flux of water to a draw solution of kitchen salt.

[0004] A draw solution in which two or more kinds of solutes are mixed has been proposed.
A synergistic effect is observed in a mixture of plural inorganic salts, but the flux
passing through the osmosis membrane may decrease due to an adverse effect in the

case of a mixture of an inorganic salt with saccharose.
Citation List
Patent Literature
[0005] PTL 1: Patent JP2010-509540A
Summary of Invention
Technical Problem
[0006] Embodiments provide a water treatment system capable of separating water at low
cost and a working medium.
Solution to Problem
[0007] A water treatment system of an embodiment includes: a first treatment container

having an osmosis membrane to partition a first chamber for accommodating water to

be treated and a second chamber for accommodating a working medium to induce



WO 2018/173330 PCT/JP2017/033661

[0008]

[0009]

[0010]

[0011]

osmotic pressure. The working medium is an aqueous solution containing a compound
having a metal salt structure of a carboxylic acid group in a main chain, a side chain, or
a main chain and a side chain, a compound having a metal salt structure of a
phosphonic acid group in a main chain, a side chain, or a main chain and a side chain,
or a compound having a metal salt structure of a carboxylic acid group in a main chain,
a side chain, or a main chain and a side chain and a metal salt structure of a phosphonic
acid group in a main chain, a side chain, or a main chain and a side chain and an
inorganic salt as a solute.

Brief Description of Drawings

[fig.1]Fig. 1 is a schematic diagram of a water treatment system according to an em-
bodiment;

[fig.2]Fig. 2 is chemical formulas of a solute according to an embodiment;

[fig.3]Fig. 3 is a schematic diagram of a water treatment system according to an em-
bodiment;

[fig.4]Fig. 4 is a schematic diagram of a water treatment system according to an em-
bodiment; and

[fig.5]Fig. 5 is a schematic diagram of a water treatment system according to an em-
bodiment.

Description of Embodiments

Hereinafter, water treatment systems and working mediums to be used in the water
treatment systems of embodiments will be described.

(First Embodiment)

A water treatment system according to a first embodiment will be described with
reference to the schematic diagram illustrated in Fig. 1. In a water treatment system
100 according to the first embodiment illustrated in Fig. 1, a working medium B
induces osmotic pressure in an osmotic pressure generator 1 including a first treatment
container 11 equipped with an osmosis membrane 12 to partition a first chamber 13 for
accommodating water to be treated A and a second chamber 14 for accommodating the
working medium B.

According to such a water treatment system 100, water C in the water to be treated A
in the first chamber 13 permeates through the osmosis membrane 12 and moves to the
working medium B in the second chamber 14 by the osmotic pressure difference
generated between the water to be treated A in the first chamber 13 and the working
medium B in the second chamber 14.

The water treatment system of the embodiment is preferable from the viewpoint of
being able to permeate the water C in the water to be treated A in the first chamber 13

through the osmosis membrane and to move the water C to the working medium B in
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the second chamber 14 at a high permeate flux by using the working medium B of the
embodiment. The working medium B of the embodiment is used in a water treatment
system which can be operated at low cost and a water treatment system.

The first treatment container 11 is partitioned into the first chamber 13 and the
second chamber 14 by the osmosis membrane 12. The first treatment container 11 is a
resin or metal container which accommodates the water to be treated A in the first
chamber 13 and the working medium B in the second chamber 14.

The osmosis membrane 12 may be, for example, a forward osmosis membrane (FO
membrane) or a reverse osmosis membrane (RO membrane). A preferred osmosis
membrane is a FO membrane.

As the osmosis membrane 12, for example, a cellulose acetate membrane, a
polyamide membrane, or the like can be used. The osmosis membrane preferably has a
thickness of 45 micrometre or more and 250 micrometre or less.

The first chamber 13 is a region in the first treatment container 11 for accom-
modating the water to be treated A, and it is partitioned by the osmosis membrane 12.
The first chamber 13 may be provided with an introduction and discharge path (not il-
lustrated) through which the water to be treated A is introduced and discharged.

The water to be treated A is a liquid having a lower solute concentration than the
working medium. Examples of the water to be treated A may include a salt water
(seawater and the like), lake water, river water, marsh water, domestic wastewater, in-
dustrial wastewater, or a mixture thereof. When the water to be treated A is a salt
water, the salt (sodium chloride) concentration of the salt water may be, for example,
from 0.05% to 8%. The water to be treated A contains salts such as sodium chloride,
magnesium chloride, magnesium sulfate, calcium sulfate, and potassium chloride and
suspended substances, and substances other than water are concentrated.

The second chamber 14 is a region in the first treatment container 11 for accom-
modating the working medium B, and it is partitioned by the osmosis membrane 12.
The second chamber 14 may be provided with an introduction and discharge path (not
illustrated) through which the working medium B is introduced and discharged.

The working medium B of the first embodiment is an aqueous solution containing a
compound having a metal salt structure of a carboxylic acid group in a main chain, a
side chain, or a main chain and a side chain, a compound having a metal salt structure
of a phosphonic acid group in a main chain, a side chain, or a main chain and a side
chain, or a compound having a metal salt structure of a carboxylic acid group in a main
chain, a side chain, or a main chain and a side chain and a metal salt structure of a
phosphonic acid group in a main chain, a side chain, or a main chain and a side chain
and an inorganic salt as a solute. The working medium B is an aqueous solution, and it

thus contains water as a solvent. The working medium B containing such a solute is
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preferable since it exhibits a high osmotic pressure inducing action and suppresses the
loss of solute of an inorganic salt. Hence, it is possible to generate a high permeate flux
(Jw L/m?h) when water in the water to be treated A in the first chamber 13 permeates
through the osmosis membrane 12 and moves to the working medium B in the second
chamber 14.

Consequently, in the embodiment, it is possible to provide a water treatment system
which can be operated at low cost and can efficiently perform a treatment such as de-
salination and concentration of the water to be treated A. The water treatment system
of the embodiment is also preferably utilized as a water treatment system which further
includes a body of rotation and generates electricity by generating a water flow by
induction of osmotic pressure and rotating the body of rotation by the water flow.

There is a phenomenon that the solute contained in the working medium B leaks out
to the water to be treated A side via the osmosis membrane 12, and this loss of solute
causes a decrease in quality of the water to be treated A and further increases the
running cost of the forward osmosis system.

It has been found that the solute reverse permeate flux (Js mmol/m?h) can be
decreased when a compound having a metal salt structure of a carboxylic acid group in
a main chain, a side chain, or a main chain and a side chain, a compound having a
metal salt structure of a phosphonic acid group in a main chain, a side chain, or a main
chain and a side chain, or a compound having a metal salt structure of a carboxylic
acid group in a main chain, a side chain, or a main chain and a side chain and a metal
salt structure of a phosphonic acid group in a main chain, a side chain, or a main chain
and a side chain and an inorganic salt are contained as the compound of solute
contained in the working medium B. It is considered that this is because the carboxylic
acid group and the phosphonic acid group of the dissolved compound coordinate the
metal ion of the inorganic salt in the solution to form a chelate complex and the metal
ion of the inorganic salt thus hardly permeates through the osmosis membrane 12.
Hence, the working solution of the embodiment maintains both a high solute con-
centration and a high osmotic pressure.

The compound (molecule) having a metal salt structure of a carboxylic acid group in
a main chain, a side chain, or a main chain and a side chain and the compound having a
metal salt structure of a phosphonic acid group in a main chain, a side chain, or a main
chain and a side chain are expressed by C;H,P,O,NM.. M is a metal. In order to
increase the permeate flux, it is preferable to satisfy 2 <(being less than or equal to) x
<(being less than or equal to) 20, 8§ <(being less than or equal to) y <(being less than
or equal to) 30, 1 <(being less than or equal to) z <(being less than or equal to) 6, 3
<(being less than or equal to) w <(being less than or equal to) 18, 0 <(being less than

or equal to) s <(being less than or equal to) 3, and 2 <(being less than or equal to) t
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<(being less than or equal to) 10. In order to decrease the solute reverse permeate flux,
it is preferable to satisfy 2 <(being less than or equal to) x <(being less than or equal
to) 30, 8 <(being less than or equal to) y <(being less than or equal to) 35, 2 <(being
less than or equal to) z <(being less than or equal to) 5, 3 <(being less than or equal to)
w =(being less than or equal to) 15, 0 <(being less than or equal to) s <(being less than
or equal to) 3, and 2 <(being less than or equal to) t <(being less than or equal to) 10.
Moreover, in order to increase the permeate flux and to decrease the solute reverse
permeate flux, it is preferable to satisfy 2 <(being less than or equal to) x <(being less
than or equal to) 20, 8§ <(being less than or equal to) y <(being less than or equal to)
23, 2 <(being less than or equal to) z <(being less than or equal to) 5, 3 <(being less
than or equal to) w <(being less than or equal to) 15, 0 <(being less than or equal to) s
<(being less than or equal to) 3, and 2 <(being less than or equal to) t <(being less than
or equal to) 10. The metal expressed by M is a metal of a metal salt of a carboxylic
acid group or a metal of a metal salt of a phosphonic acid group. The metal of the
metal salt is preferably an alkali metal. The metal of the metal salt is preferably Na, K,
or Na and K. The elements or structures contained in the solute of the embodiment can
be determined by analyzing the solute by liquid chromatography, separating the
compounds having the respective peaks, and analyzing the compounds by using a
NMR or organic element analyzer.

The compound having a metal salt structure of a carboxylic acid group in a main
chain, a side chain, or a main chain and a side chain, the compound having a metal salt
structure of a phosphonic acid group in a main chain, a side chain, or a main chain and
a side chain, or the compound having a metal salt structure of a carboxylic acid group
in a main chain, a side chain, or a main chain and a side chain and a metal salt structure
of a phosphonic acid group in a main chain, a side chain, or a main chain and a side
chain is preferably a compound in which a carboxylic acid group, a phosphonic acid
group, or a carboxylic acid group and a phosphonic acid group of a compound having
a structure expressed by Formula (1), (2), (3), (4), or (5) in Fig. 2 have a metal salt
structure. Some or all of the carboxylic acid groups of the compound having a structure
expressed by Formula (1), (2), (3), (4), or (5) in Fig. 2 are a metal salt of a carboxylic
acid group. Some or all of the phosphonic acid groups of the compound having a
structure expressed by Formula (1), (2), (3), (4), or (5) in Fig. 2 are a metal salt of a
phosphonic acid group. Some of the side chains contained in the compound of the
solute may contain a phosphonic acid group or a carboxylic acid group which is not a
salt.

R to R in Formula (1) are an alkyl chain of C,;H,, (nl is any integer from O to 2).
X to X" in Formula (1) are each any one selected from the group consisting of -
COOH, -P(OH),, and OH. At least two X in one molecule are -COOH or -P(OH),. As
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the compound having a structure expressed by Formula (1) in Fig. 2, nitrilotriacetic
acid, N-(2-hydroxyethyl)iminodiacetic acid, and nitrilotris(methylenephosphonic acid)
are preferable. Examples of the compound in which a carboxylic acid group, a
phosphonic acid group, or a carboxylic acid group and a phosphonic acid group of the
compound having a structure expressed by Formula (1) in Fig. 2 have a metal salt
structure may include nitrilotriacetic acid 2Na salt, N-(2-hydroxyethyl)iminodiacetic
acid 2Na salt, and nitrilotris(methylenephosphonic acid) 5Na salt.

R?! to R in Formula (2) are an alkyl chain of C,H,,, (n2 is any integer from O to 2).
X?!'to X? in Formula (2) are each any one selected from the group consisting of H, -
COOH, -P(OH),, and OH. At least two X in one molecule are -COOH or -P(OH),. At
least three X in one molecule are a functional group other than H. As the compound
having a structure expressed by Formula (2) in Fig. 2, diethylenetriaminepentaacetic
acid and diethylenetriaminepenta(methylenephosphonic acid) are preferable. Examples
of the compound in which a carboxylic acid group, a phosphonic acid group, or a
carboxylic acid group and a phosphonic acid group of the compound having a structure
expressed by Formula (2) in Fig. 2 have a metal salt structure may include diethylene-
triaminepentaacetic acid 3Na salt, diethylenetriaminepentaacetic acid 5Na salt, and di-
ethylenetriaminepenta(methylenephosphonic acid) 7Na salt.

R3! to R* in Formula (3) are an alkyl chain of C;H,,; (n3 is any integer from O to 3).
R3! may have a hydroxyl group and may be bonded via one or more ether bonds. In
addition, R to R* may optionally contain a carboxylic acid group. X3! to X3* in
Formula (3) are each any one selected from the group consisting of H, -COOH, -P(OH)
», and OH. At least two X in one molecule are -COOH or -P(OH),. At least three X in
one molecule are a functional group other than H. As the compound having a structure
expressed by Formula (3) in Fig. 2, N-
(2-hydroxyethyl)ethylenediamine-N,N',N'-triacetic acid, 1,3-propanediaminetetraacetic
acid, 1,3-diamino-2-propanol-N,N,N',N'-tetraacetic acid, glycol ether diaminete-
traacetic acid, ethylenediaminedisuccinic acid, and ethylenediaminetetram-
ethylenephosphonic acid are preferable. Examples of the compound in which a
carboxylic acid group, a phosphonic acid group, or a carboxylic acid group and a
phosphonic acid group of the compound having a structure expressed by Formula (3)
in Fig. 2 have a metal salt structure may include N-
(2-hydroxyethyl)ethylenediamine-N,N',N'-triacetic acid 3Na salt,
1,3-propanediaminetetraacetic acid 4Na salt,
1,3-diamino-2-propanol-N,N,N',N'-tetraacetic acid 2Na salt, glycol ether diaminete-
traacetic acid 4Na salt, ethylenediaminedisuccinic acid 3Na salt, and ethylenedi-
aminetetramethylenephosphonic acid 5Na salt.

R* to R* in Formula (4) are an alkyl chain of C,4Hx. (n4 is any integer from O to 2).
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X4 to X* in Formula (4) are each any one selected from the group consisting of H, -
COOH, -P(OH),, and OH. At least two X in one molecule are -COOH or -P(OH),. At
least three X in one molecule are a functional group other than H.

R>! to R** in Formula (5) are an alkyl chain of C sH,,s (n5 is any integer from O to 2).
X3!'to X** in Formula (5) are each any one selected from the group consisting of H, -
COOH, -P(OH),, and OH. At least two X in one molecule are -COOH or -P(OH),. At
least three X in one molecule are a functional group other than H. As the compound
having a structure expressed by Formula (5) in Fig. 2,
3-carboxy-3-phosphonohexanedioic acid is preferable. Examples of the compound in
which a carboxylic acid group, a phosphonic acid group, or a carboxylic acid group
and a phosphonic acid group of the compound having a structure expressed by
Formula (5) in Fig. 2 have a metal salt structure may include
3-carboxy-3-phosphonohexanedioic acid 5Na salt.

Accordingly, the compound having a metal salt structure of a carboxylic acid group
in a main chain, a side chain, or a main chain and a side chain is preferably at least one
kinds selected from the group consisting of nitrilotriacetic acid 2Na salt, N-
(2-hydroxyethyl)iminodiacetic acid 2Na salt, diethylenetriaminepentaacetic acid 3Na
salt, diethylenetriaminepentaacetic acid SNa salt, N-
(2-hydroxyethyl)ethylenediamine-N,N',N'-triacetic acid 3Na salt,
1,3-propanediaminetetraacetic acid 4Na salt,
1,3-diamino-2-propanol-N,N,N',N'-tetraacetic acid 2Na salt, glycol ether diaminete-
traacetic acid 4Na salt, ethylenediaminedisuccinic acid 3Na salt, and
3-carboxy-3-phosphonohexanedioic acid 5Na salt.

Accordingly, the compound having plural metal salt structures of a phosphonic acid
group in a main chain, a side chain, or a main chain and a side chain is preferably at
least one kinds selected from the group consisting of nitrilotris(methylenephosphonic
acid) SNa salt, diethylenetriaminepenta(methylenephosphonic acid) 7Na salt, and
ethylenediaminetetramethylenephosphonic acid SNa salt.

Accordingly, the compound having a metal salt structure of a carboxylic acid group
and a metal salt structure of a phosphonic acid group in a main chain, a side chain, or a
main chain and a side chain is preferably at least one kinds selected from the group
consisting of 3-carboxy-3-phosphonohexanedioic acid 5Na salt.

The number of substitution of the metal salt changes depending on the pH. For
example, diethylenetriaminepentaacetic acid 3Na salt is weakly alkaline and diethylen-
etriaminepentaacetic acid SNa salt is strongly alkaline. It is desirable to use the
working medium B in the vicinity of a neutral pH range from the viewpoint of re-
sistance of FO membrane, but it is preferable that the number of substitution is larger

from the viewpoint of osmotic pressure. Hence, the pH of the working medium B in
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the embodiment is preferably 2 or more and 12 or less. The pH of the working medium
B is measured by using the glass electrode type hydrogen ion densitometer manu-
factured by HORIBA, Ltd. and the method described in the manual.

The total number of the carboxylic acid group and the phosphonic acid group
contained in the compound having a metal salt structure of a carboxylic acid group in a
main chain, a side chain, or a main chain and a side chain, the compound having a
metal salt structure of a phosphonic acid group in a main chain, a side chain, or a main
chain and a side chain, or the compound having a metal salt structure of a carboxylic
acid group in a main chain, a side chain, or a main chain and a side chain and a metal
salt structure of a phosphonic acid group in a main chain, a side chain, or a main chain
and a side chain is preferably 5 or more. The chelate is more stabilized and the effect
of decreasing the loss of solute is more remarkable as the number of carboxylic acid
groups and phosphonic acid groups contained is larger.

In addition, the total number of the carboxylic acid group having a salt structure and
the phosphonic acid group having a salt structure which are contained in the compound
having a metal salt structure of a carboxylic acid group in a main chain, a side chain, or
a main chain and a side chain, the compound having a metal salt structure of a
phosphonic acid group in a main chain, a side chain, or a main chain and a side chain,
or the compound having a metal salt structure of a carboxylic acid group in a main
chain, a side chain, or a main chain and a side chain and a metal salt structure of a
phosphonic acid group in a main chain, a side chain, or a main chain and a side chain is
preferably 5 or more. The chelate is more stabilized and the effect of decreasing the
loss of solute is more remarkable as the total number of the carboxylic acid group and
phosphonic acid group having a salt structure is larger.

The concentration of the compound (solute) having a metal salt structure of a
carboxylic acid group in a main chain, a side chain, or a main chain and a side chain,
the compound having a metal salt structure of a phosphonic acid group in a main chain,
a side chain, or a main chain and a side chain, or the compound having a metal salt
structure of a carboxylic acid group in a main chain, a side chain, or a main chain and a
side chain and a metal salt structure of a phosphonic acid group in a main chain, a side
chain, or a main chain and a side chain in the working medium B is 0.05 mol/L or
more and less than 1.0 mol/L and preferably 0.05 mol/LL or more and 0.6 mol/L or less.
It is not preferable that the concentration is too low since the osmotic pressure is
weakly induced. In addition, it is not preferable that the concentration is too high since
the loss of solute is great. A more preferable concentration range is 0.2 mol/L or more
and 0.6 mol/L or less.

The inorganic salt (solute) in the working medium B is preferably a salt of an

alkaline earth metal or an ammonium salt. The alkaline earth metal ion and the
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ammonium ion have an advantage of forming a stable chelate with the compound
having a metal salt structure of a carboxylic acid group in a main chain, a side chain, or
a main chain and a side chain, the compound having a metal salt structure of a
phosphonic acid group in a main chain, a side chain, or a main chain and a side chain,
or the compound having a metal salt structure of a carboxylic acid group in a main
chain, a side chain, or a main chain and a side chain and a metal salt structure of a
phosphonic acid group in a main chain, a side chain, or a main chain and a side chain
in the solution and thus decreasing the loss of solute. It is preferable that the inorganic
salt (solute) is at least one kinds selected from the group consisting of a salt of carbonic
acid, a salt of nitric acid, a salt of sulfonic acid, a slat of phosphoric acid, and a salt of a
halogen element for the reason of low cost. A specific preferred alkaline earth metal is
Mg, Ca, or Mg and Ca, and Mg is more preferable. A specific preferred halogen
element is Cl. As the inorganic salt, a salt of sulfonic acid or a salt of CI is more
preferable.

The concentration of the inorganic salt (solute) in the working medium B is
preferably 0.05 mol/L or more. The formation of chelate complex and the effect of de-
creasing the loss of solute decrease when the amount of inorganic salt is too small.
More specifically, the concentration of the inorganic salt (solute) in the working
medium B is preferably 0.4 mol/L or more and 10.0 mol/L or less and more preferably
0.4 mol/L or more and 5.0 mol/L or less. In addition, the concentration of the inorganic
salt (solute) in the working medium B is preferably higher than the concentration of the
compound having a metal salt structure of a carboxylic acid group in a main chain, a
side chain, or a main chain and a side chain, the compound having a metal salt
structure of a phosphonic acid group in a main chain, a side chain, or a main chain and
a side chain, or the compound having a metal salt structure of a carboxylic acid group
in a main chain, a side chain, or a main chain and a side chain and a metal salt structure
of a phosphonic acid group in a main chain, a side chain, or a main chain and a side
chain from the viewpoint of forming a chelate complex.

(Second Embodiment)

The second embodiment is common to the first embodiment except that an amino
acid having a metal salt structure of a carboxylic acid group is used instead of the
compound having a metal salt structure of a carboxylic acid group in a main chain, a
side chain, or a main chain and a side chain, the compound having a metal salt
structure of a phosphonic acid group in a main chain, a side chain, or a main chain and
a side chain, or the compound having a metal salt structure of a carboxylic acid group
in a main chain, a side chain, or a main chain and a side chain and a metal salt structure
of a phosphonic acid group in a main chain, a side chain, or a main chain and a side

chain of the first embodiment.
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An amino acid is a low molecule, thus the solute moves to the liquid to be treated A
side and the loss of solute is likely to be caused, but a complex is formed as an
inorganic salt is used concurrently. Accordingly, the embodiment has an advantage
that an amino acid hardly permeates through the osmosis membrane 12 even when
being used as the solute to induce osmotic pressure. A salt of an amino acid is in-
expensive, and the water treatment system of the embodiment having minor loss of
solute is thus effective for cutting down the running cost.

Examples of the amino acid having a metal salt structure of a carboxylic acid group
may include arginine. The concentration of the amino acid (solute) having a metal salt
structure of a carboxylic acid group in the working medium B is less than 1.0 mol/L.
The concentration of the amino acid (solute) having a metal salt structure of a
carboxylic acid group in the working medium B is preferably 0.05 mol/L or more and
0.4 mol/L or less and more preferably 0.05 mol/L. or more and 0.4 mol/L or less.

(Second Embodiment)

Next, a desalination system which is one example of a water treatment system will be
described with reference to the schematic diagram illustrated in Fig. 3. In the second
embodiment, the first chamber 13, the water to be treated A, the second chamber 14,
the working medium B, and the osmosis membrane 12 are common to those in the first
embodiment and the second embodiment. The water to be treated A is a salt water
(aqueous solution of sodium chloride) such as seawater. The working medium B to be
used in the second embodiment is the working medium B of the first embodiment or
the second embodiment. In Fig. 3 and subsequent figures, the reference numerals of
water to be treated, working medium, and water in the water treatment system are not
illustrated, but the reference numerals thereof are common to those in the water
treatment system in Fig. 1.

A desalination system 200 is equipped with an osmotic pressure generator 1, a
diluted working medium tank 2, a reverse osmosis membrane separator 3, and a con-
centrated working medium tank 4. The osmotic pressure generator 1, the diluted
working medium tank 2, the reverse osmosis membrane separator 3, and the con-
centrated working medium tank 4 are connected in this order to form a loop. The
working medium B (draw solution) which induces osmotic pressure circulates through
this loop. In other words, the working medium B circulates through the osmotic
pressure generator 1, the diluted working medium tank 2, the reverse osmosis
membrane separator 3, and the concentrated working medium tank 4 in this order. Inci-
dentally, the upper and the lower are the directions illustrated in the drawings, and for
example, the concentrated working medium tank 4 is on the upper side of the diluted
working medium tank 2, and the osmotic pressure generator 1 is on the left side of the

reverse osmosis membrane separator 3.
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A tank of water to be treated 15 is connected to the upper part of a treatment
container 10 in which the first chamber 13 is located through a pipeline 101a. A first
pump 16 is provided to the pipeline 101a. A pipeline 101b for discharging the con-
centrated water to be treated A is connected to the lower part of the first treatment
container 11 in which the first chamber 13 is located.

The reverse osmosis membrane separator 3 is equipped with, for example, an airtight
second treatment container 21. The second treatment container 21 is partitioned in, for
example, the horizontal direction by a reverse osmosis membrane (RO membrane) 22,
and a third chamber 23 is formed on the left side of the reverse osmosis membrane 22
and a fourth chamber 24 is formed on the right side thereof.

The diluted working medium tank 2 is connected to the lower part of the second
treatment container 21 in which the third chamber 23 is located through a pipeline
101e. A third pump 25 is provided to the pipeline 101e. The upper part of the second
treatment container 21 in which the third chamber 23 is located is connected to the
concentrated working medium tank 4 through a pipeline 101f. The lower part of the
second treatment container 21 in which the fourth chamber 24 is located is connected
to a pure water tank 26 through a pipeline 101g. In the pure water tank 26, the water
(fresh water) which has moved to the fourth chamber through the reverse osmosis
membrane 22 when concentrating the working medium B is accommodated. A pipeline
101h for delivering pure water in the pure water tank 26 to the outside and recovering
the pure water is connected to the pure water tank 26. An on-off valve 27 is provided
to the pipeline 101h. For example, the on-off valve 27 is opened when pure water in
the pure water tank 26 exceeds a certain amount.

The concentrated working medium tank 4 is connected to the upper part of the first
treatment container 11 in which the second chamber 14 is located through a pipeline
101c. A second pump 17 is provided to the pipeline 101a. The lower part of the
treatment container 10 in which the second chamber 14 is located is connected to the
diluted working medium tank 2 through a pipeline 101d.

Next, the operation of desalination by the desalination system 200 illustrated in Fig.
3 will be described.

The first pump 16 is driven to supply the water to be treated A (for example,
seawater) from the tank of water to be treated 15 into the first chamber 13 of the
osmotic pressure generator 1 through the pipeline 101a. Before and after the supply of
seawater, the second pump 17 is driven to supply the concentrated working medium B
from the concentrated working medium tank 4 into the second chamber 14 of the
osmotic pressure generator 1 through the pipeline 101c. At this time, the solute con-
centration of the concentrated working medium B supplied to the second chamber 14 is

higher than the salt concentration of the seawater supplied to the first chamber 13.
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Hence, an osmotic pressure difference is generated between the seawater in the first
chamber 13 and the concentrated working medium B in the second chamber 14, and
water in the seawater permeates through the osmosis membrane 12 and moves into the
second chamber 14. The concentrated working medium B in the second chamber 14 is
an aqueous solution containing the solute of the first embodiment or the second em-
bodiment and exhibits a high osmotic pressure inducing action. Hence, a high permeate
flux is generated when water in the seawater in the first chamber 13 permeates through
the osmosis membrane 12 and moves to the concentrated working medium B in the
second chamber 14. As a result, it is possible to move a large amount of water in the
seawater in the first chamber 13 to the concentrated working medium B in the second
chamber 14 and thus to perform a highly efficient desalination treatment for extracting
water (pure water) from a salt water.

In the osmotic pressure generator 1, the seawater is discharged as condensed
seawater from the first chamber 13 through the pipeline 101b and the concentrated
working medium B is diluted with the water moved as the water in the seawater moves
from the first chamber 13 to the concentrated working medium B in the second
chamber 14.

The diluted working medium B in the second chamber 14 is delivered to the diluted
working medium tank 2 through the pipeline 101d and stored therein. When the diluted
working medium B is stored in the diluted working medium tank 2 to a predetermined
water level, the third pump 25 is driven to supply the diluted working medium B in the
diluted working medium tank 2 to the third chamber 23 of the second treatment
container 21 of the reverse osmosis membrane separator 3 through the pipeline 101e at
a desired pressure. The water in the diluted working medium B supplied to the third
chamber 23 at a desired pressure forcibly permeates through the reverse osmosis
membrane (RO membrane) 22 and moves to the fourth chamber 24. The diluted
working medium B in the third chamber 23 is concentrated as water moves to the
fourth chamber 24. The concentrated working medium B is delivered from the third
chamber 23 to the concentrated working medium tank 4. The concentrated working
medium B in the concentrated working medium tank 4 is supplied into the second
chamber 14 of the osmotic pressure generator 1 as the second pump 17 is driven, and it
is utilized in the desalination treatment for extracting water (pure water) from a salt
water as described above.

Meanwhile, the water (pure water) moved to the fourth chamber 24 is delivered to
the pure water tank 26 through the pipeline 101g. When the amount of water in the
pure water tank 26 exceeds a certain amount, the on-off valve 27 is opened and the
water is delivered to the outside through the pipeline 101h and recovered.

Consequently, it is possible to provide a desalination system which can be operated
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at low cost and can efficiently perform a desalination treatment of seawater (recovery
of pure water).

Incidentally, in the desalination system 200 illustrated in Fig. 3, the first treatment
container 11 of the osmotic pressure generator is partitioned in the horizontal direction
by an osmosis membrane to form the first chamber 13 and the second chamber 14, but
the first treatment container may be partitioned into upper and lower parts by an
osmosis membrane to form the first chamber 13 and the second chamber 14.

It is preferable to add the solute to the concentrated working medium tank 4 and the
like when the solute concentration in the working medium B is decreased by the de-
salination treatment.

In the desalination system 200 illustrated in Fig. 3, the concentration of the diluted
working medium B is not only performed by using a reverse osmosis membrane
separator equipped with a reverse osmosis membrane (RO membrane) but also may be
performed by using any device as long as it can remove water in the diluted working
medium B.

(Fourth Embodiment)

Next, a concentration system 300 which is one example of a water treatment system
will be described with reference to the schematic diagram illustrated in Fig. 4. The
working medium B to be used in the fourth embodiment is the working medium B of
the first embodiment or the second embodiment.

A concentration system 300 is equipped with an osmotic pressure generator 31, a
diluted working medium tank 32, a membrane distillation and separation device 33,
and a concentrated working medium tank 34. The osmotic pressure generator 31, the
diluted working medium tank 32, the membrane distillation and separation device 33,
and the concentrated working medium tank 34 are connected in this order to form a
loop. The working medium B (draw solution) circulates through this loop. In other
words, the working medium B circulates through the osmotic pressure generator 31,
the diluted working medium tank 32, the membrane distillation and separation device
33, and the concentrated working medium tank 34 in this order.

The osmotic pressure generator 31 is equipped with, for example, an airtight first
treatment container 41. The first treatment container 41 is partitioned in, for example, a
horizontal direction by an osmosis membrane 42 (for example, a forward osmosis
membrane: FO membrane), and a first chamber 43 is formed on the left side of the
osmosis membrane 42 and a second chamber 44 is formed on the right side thereof. A
tank of water to be treated 45 containing water to be treated A, for example, a stock
solution such as industrial wastewater, is connected to the upper part of the first
treatment container 41 in which the first chamber 43 is located through a pipeline

201a. A first pump 46 is provided to the pipeline 201a. A pipeline 201b for discharging



14

WO 2018/173330 PCT/JP2017/033661

[0059]

[0060]

[0061]

[0062]

[0063]

the concentrated stock solution in the first chamber 43 to the outside is connected to
the lower part of the first treatment container 41 in which the first chamber 43 is
located.

The concentrated working medium tank 34 is connected to the upper part of the first
treatment container 41 in which the second chamber 44 is located through a pipeline
201c. A second pump 47 is provided to the pipeline 201c. The diluted working
medium tank 32 is connected to the lower part of the first treatment container 11 in
which the second chamber 44 is located through a pipeline 201d.

The membrane distillation and separation device 33 is equipped with, for example,
an airtight second treatment container 51. The second treatment container 51 is par-
titioned in, for example, a horizontal direction by a dehydration membrane 52 formed
of, for example, a porous latex membrane, and a third chamber 53 is formed on the left
side of the dehydration membrane 52 and a fourth chamber 54 is formed on the right
side thereof.

The diluted working medium tank 32 is connected to the lower part of the second
treatment container 51 in which the third chamber 53 is located through a pipeline
201e. A first on-off valve 61, a heat exchanger 62, and a third pump 63 are provided to
the pipeline 201e along the flow direction of the working medium B in this order. The
heat exchanger 62 intersects, for example, a pipeline 201f of exhaust heat gas, and the
working medium B is heated by heat exchange between the working medium B
flowing through the pipeline 201e and the exhaust heat gas. The upper part of the
second treatment container 51 in which the third chamber 53 is located is connected to
the upper part of a circulation tank 64 through a pipeline 201g. The circulation tank 64
is connected to the portion of the pipeline 201e located between the first on-off valve
61 and the heat exchanger 62 through a pipeline 201h. A second on-off valve 65 is
provided to the pipeline 201h.

By such a configuration, a loop is formed by the third chamber 53 of the membrane
distillation and separation device 33, the circulation tank 64, and the pipelines 201e,
201g, and 201h which connect these members to each other. In other words, a diluted
working medium circulation system is formed that the diluted working medium B
which has been subjected to the dehydration treatment in the third chamber 53 to be
described later and stored in the circulation tank 64 is circulated through the pipeline
201h, the pipeline 201e, the third chamber 53, and the pipeline 201g by opening the
second on-off valve 65 and driving the third pump 63. Incidentally, in the circulation
of the diluted working medium B, the diluted working medium circulation system is
isolated from the diluted working medium tank 32 by closing the first on-off valve 61.

The circulation tank 64 is connected to the concentrated working medium tank 34

through a pipeline 201i. A fourth pump 66 is provided to the pipeline 201i.
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A first pure water tank 71 is connected to the upper part of the second treatment
container 51 in which the fourth chamber 54 is located through a pipeline 201j. The
second pure water tank 72 is connected to the lower part of the second treatment
container 51 in which the fourth chamber 54 is located through a pipeline 201k. A third
on-off valve 73 is provided to the pipeline 201k and closed when pure water is not
circulated to store the pure water in the fourth chamber 54. The second pure water tank
72 is connected to the first pure water tank 71 through a pipeline 201m. A fifth pump
74 is provided to the pipeline 201m. By such a configuration, a loop is formed by the
first pure water tank 71, the fourth chamber 54 of the membrane distillation and
separation device 33, the second pure water tank 72, and the pipelines 201j, 201k, and
201m which connect these members to each other. In other words, a pure water cir-
culation and cooling system is formed that the pure water in the second pure water tank
72 is circulated through the pipeline 201m, the first pure water tank 71, the pipeline
201j, the fourth chamber 54, and the pipeline 201k by opening the third on-off valve
73 and driving the fifth pump 74.

The second pure water tank 72 is connected to a pipeline 201n for delivering pure
water in the second pure water tank 72 to the outside and recovering the pure water. A
fourth on-off valve 75 is provided to the pipeline 201n. The fourth on-off valve 75 is
closed when pure water is circulated described above, and it is opened when the pure
water in the second pure water tank 72 exceeds a certain amount.

Next, the operation of concentration by the concentration system 300 illustrated in
Fig. 4 will be described.

The first pump 46 is driven to supply the stock solution of the water to be treated A
(for example, industrial wastewater) from the tank of water to be treated 45 into the
first chamber 43 of the osmotic pressure generator 31 through the pipeline 201a.
Before and after the supply of the stock solution, the second pump 47 is driven to
supply the concentrated working medium B from the concentrated working medium
tank 34 into the second chamber 44 of the osmotic pressure generator 31 through the
pipeline 201c. The concentrated working medium B supplied to the second chamber 44
has a higher concentration than the stock solution supplied to the first chamber 43.
Hence, an osmotic pressure difference is generated between the stock solution in the
first chamber 43 and the concentrated working medium B in the second chamber 44,
and water in the stock solution permeates through the osmosis membrane 42 and
moves into the second chamber 44. At this time, the concentrated working medium B
in the second chamber 44 is an aqueous solution containing the solute of the em-
bodiment and exhibits a high osmotic pressure inducing action. Hence, a high permeate
flux is generated when water in the stock solution in the first chamber 43 permeates

through the osmosis membrane 42 and moves into the working medium B in the
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second chamber 44. As a result, it is possible to move a large amount of water in the
stock solution in the first chamber 43 to the working medium B in the second chamber
44 and to highly efficiently perform the concentration treatment of the stock solution.

The stock solution is discharged from the first chamber 43 through the pipeline 201b
and recovered as a concentrated stock solution as the water in the stock solution moves
from the first chamber 43 to the concentrated working medium B in the second
chamber 44 in the osmotic pressure generator 31. The concentrated working medium B
is diluted with the water moved.

The diluted working medium B in the second chamber 44 is delivered to the diluted
working medium tank 32 through the pipeline 201d and stored therein. When the
diluted working medium B is stored in the diluted working medium tank 32 to a prede-
termined amount, the first on-off valve 61 provided to the pipeline 201e is opened, the
second on-off valve 65 provided to the pipeline 201h is closed, and the third pump 63
is driven. By this, the diluted working medium B in the diluted working medium tank
32 is supplied to the third chamber 53 of the second treatment container 51 of the
membrane distillation and separation device 33 through the pipeline 201e. While the
diluted working medium B is supplied to the third chamber 53, the diluted working
medium B flowing through the pipeline 201e is heated by heat exchange between the
diluted working medium B and the exhaust heat gas flowing through the pipeline 201f
in the heat exchanger 62 which intersects the pipeline 201f. In addition, by opening the
third on-off valve 73 and driving the fifth pump 74, the pure water in the second pure
water tank 72 is circulated through the pipeline 201m, the first pure water tank 71, the
pipeline 201j, the fourth chamber 54, and the pipeline 201k, and the dehydration
membrane 52 formed of a porous latex membrane of the membrane distillation and
separation device 33 is cooled with pure water on the fourth chamber 54 side. In other
words, the dehydration membrane 52 on the fourth chamber 54 side is cooled by the
pure water circulation and cooling system.

By cooling the dehydration membrane 52 of the membrane distillation and separation
device 33 with circulating pure water in the fourth chamber 54 while supplying the
diluted working medium B thus heated to the third chamber 53 of the membrane dis-
tillation and separation device 33 through the pipeline 201e, the water in the diluted
working medium B evaporates in the third chamber 53 and the vapor permeates
through the dehydration membrane 52 formed of a porous latex membrane, moves to
the fourth chamber 54, and is cooled and condensed with circulating pure water to be
incorporated into the pure water. In other words, the diluted working medium B is
subjected to the dehydration treatment in the third chamber 53. The diluted working
medium B subjected to the dehydration treatment in the third chamber 53 is delivered

to the circulation tank 64 through the pipeline 201g and stored therein. The diluted
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working medium B stored in the circulation tank 64 is concentrated to a certain con-
centration by the dehydration treatment.

However, the working medium B has a low concentration by the concentration to
such an extent, and the working medium B is not suitable for use as the concentrated
working medium B described above. Hence, when the diluted working medium B
subjected to the dehydration treatment is stored in the circulation tank 64 in a certain
amount, the second on-off valve 65 is opened and the diluted working medium B
subjected to the dehydration treatment in the tank 64 is allowed to flow out to the
pipeline 201h. At the same time, the first on-off valve 61 is closed to isolate the diluted
working medium circulation system including the circulation tank 64, the pipeline
201h, the pipeline 201e, the third chamber 53, and the pipeline 201g from the diluted
working medium tank 32.

In such a diluted working medium circulation system and the pure water circulation
and cooling system, the diluted working medium B is concentrated so as to be used as
the concentrated working medium B by repeatedly performing the dehydration
treatment including the evaporation of water in the diluted working medium B in the
third chamber 53, the permeation of the vapor through the dehydration membrane 52,
the movement of the vapor to the fourth chamber 54, and the cooling and condensation
of the vapor with the circulating pure water on the fourth chamber 54 side plural times.
After such circulation and dehydration of the diluted working medium B, the second
on-off valve 65 is closed to store the concentrated working medium B in the circulation
tank 64. The water (pure water) moved to the fourth chamber 54 is delivered to the
second pure water tank 72 together with the circulating pure water through the pipeline
201k.

After the concentrated working medium B at a concentration capable of being used
as the concentrated working medium B is stored in the circulation tank 64, driving of
the fifth pump 74 is stopped, circulation of pure water to the fourth chamber 54 is
stopped, and the third on-off valve 73 is then closed. Incidentally, when the amount of
pure water in the second pure water tank 72 exceeds a certain amount, the first on-off
valve 61 is opened, and the pure water is delivered to the outside through the pipeline
201n and recovered.

The fourth pump 66 is driven to deliver the concentrated working medium B in the
circulation tank 64 to the concentrated working medium tank 34 through the pipeline
201i. The concentrated working medium B in the concentrated working medium tank
34 is supplied into the second chamber 44 of the osmotic pressure generator 31 by
driving the second pump 47, and it is utilized in the concentration treatment of the
stock solution as described above.

Accordingly, in the osmotic pressure generator 31, the stock solution is supplied to
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the first chamber 43, the concentrated working medium B is supplied to the second
chamber 44, the water in the stock solution is moved from the first chamber 43 to the
concentrated working medium B in the second chamber 44 to concentrate the stock
solution, and the stock solution is discharged from the first chamber 43 through the
pipeline 201b and recovered. The concentrated working medium B is diluted with the
water moved, and the diluted working medium B is delivered to the diluted working
medium tank 32 and stored therein.

During the operation of stock solution concentration by the osmotic pressure
generator 31, the diluted working medium B stored in the diluted working medium
tank 32 is subjected to the operation of concentration by the diluted working medium
circulation system including the third chamber 53 of the membrane distillation and
separation device 33 and the pure water circulation and cooling system including the
fourth chamber 54 of the membrane distillation and separation device 33 and delivered
to the concentrated working medium tank 34 and the water (pure water) moved to the
fourth chamber 54 is delivered from the second pure water tank 72 and recovered. In
other words, it is possible to continuously perform the operation of stock solution con-
centration by the osmotic pressure generator 31 and the concentration of the diluted
working medium B by the membrane distillation and separation device 33.

Consequently, it is possible to provide the concentration system 300 which can be
operated at low cost and can efficiently perform the concentration treatment of a stock
solution (water to be treated A) such as industrial wastewater and the recovery of
water.

Incidentally, in the concentration system 300 illustrated in Fig. 4, the first treatment
container 41 of the osmotic pressure generator is partitioned in the horizontal direction
by an osmosis membrane to form the first chamber 43 and the second chamber 44, but
the first treatment container may be partitioned into upper and lower parts by an
osmosis membrane to form the first chamber 43 and the second chamber 44.

In the concentration system 300 illustrated in Fig. 4, the concentrated water to be
treated A (for example, stock solution) in the first chamber 43 of the osmotic pressure
generator 31 is delivered to the outside through the pipeline 201b, but the pipeline
201b may be connected to the tank of water to be treated 45 to form a loop by the tank
of water to be treated 45, the pipeline 201a, the first chamber 43 of the osmotic
pressure generator 31, and the pipeline 201b in the case of obtaining a stock solution
concentrated to a higher concentration. In this case, it is desirable to determine the con-
centration degree of the stock solution in consideration of the osmotic pressure
difference generated between the concentrated stock solution and the concentrated
working medium B in the osmotic pressure generator 31.

In the concentration system 300 illustrated in Fig. 4, the dehydration membrane 52 of
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the membrane distillation and separation device 33 is not limited to a porous latex
membrane, and any membrane may be used as long as it has the function of
permeating vapor.

In the concentration system 300 illustrated in Fig. 4, the concentration of the diluted
working medium B is not only performed by the membrane distillation and separation
device 33 equipped with the dehydration membrane 52 but also may be performed by
using any device as long as it can remove water from the diluted working medium B.

(Fourth Embodiment)

Next, a circulating osmotic power generation system 400 which is one example of a
water treatment system according to the fourth embodiment will be described with
reference to the schematic diagram illustrated in Fig. 5. Incidentally, in Fig. 5, the
same members as those in Fig. 4 are denoted by the same reference numerals, and the
description thereon is omitted. The working medium to be used in the fourth em-
bodiment is the working medium B of the first embodiment or the second embodiment.

The water treatment system according to the fifth embodiment is a circulating
osmotic power generation system. The circulating osmotic power generation system
400 is equipped with an osmotic pressure generator 31 for generating a water flow and
a body of rotation 82 for generating electricity by the water flow generated by the
osmotic pressure generator 31.

The circulating osmotic power generation system 400 is equipped with the first
chamber 43 for accommodating water, the second chamber 44 for accommodating the
working medium B (draw solution) which induces osmotic pressure, the osmosis
membrane 42 for partitioning the first chamber and the second chamber, a pressure
exchanger 81 connected to the second chamber 44, and the body of rotation 82
connected to the pressure exchanger 81. According to such a water treatment system,
by the osmotic pressure difference generated between the water in the first chamber 43
and the working medium B in the second chamber 44, the water in the first chamber 43
permeates through the osmosis membrane 42 and moves to the working medium B in
the second chamber 44. The body of rotation 82 is rotated by the water flow ac-
companying the movement of water to the working medium B to generate electricity.

In the fifth embodiment, the working medium B is an aqueous solution containing
the solute of the embodiment and exhibits a high osmotic pressure inducing action.
Hence, it is possible to generate a high permeate flux when the water in the first
chamber 43 permeates through the osmosis membrane 42 and moves to the working
medium B in the second chamber 44. As a result, the working medium B containing
water thus moved forms a water flow having a high pressure, and it is thus possible to
rotate the body of rotation 82 at a higher speed to generate electricity. Consequently, it

is possible to provide a water treatment system which can be operated at low cost and



20

WO 2018/173330 PCT/JP2017/033661

[0086]
[0087]

[0088]

[0089]

can efficiently rotate the body of rotation 82 to generate electricity.

As the body of rotation 82, for example, a turbine or a water wheel can be used.

In the circulating osmotic power generation system 400, the pressure exchanger 81
and the body of rotation 82 are provided to the pipeline 201b connected to the lower
part (the exit side of the working medium B) of the first treatment container 41 in
which the second chamber 44 of the osmotic pressure generator 31 is located along the
flow direction of the working medium B in this order. In addition, in the pipeline 201c
which connects the concentrated working medium tank 34 with the upper part of the
first treatment container 41 in which the second chamber 44 is located, the portion of
the pipeline 201c on the downstream side in the flowing direction of the working
medium B of the second pump 47 is connected to the upper part of the first treatment
container 41 in which the second chamber 44 is located via the pressure exchanger 81.
In other words, in the osmotic pressure generator 31, the diluted working medium B
having a flux generated when water has moved from the first chamber 43 to the second
chamber 44 through the osmosis membrane 42 is allowed to flow out from the lower
part of the first treatment container 41 in which the second chamber 44 is located
through the pipeline 201b provided with the pressure exchanger 81. During this time,
the pipeline 201c through which the concentrated working medium B flowed out from
the concentrated working medium tank 34 flows passes through the pressure exchanger
81. Hence, the pressure of the diluted working medium B is lowered and the pressure
of the concentrated working medium B is raised by pressure exchange between the
concentrated working medium B and the diluted working medium B flowed out from
the second chamber 44 in the pressure exchanger 81.

Incidentally, in the circulating osmotic power generation system 400, water is ac-
commodated in the tank of water to be treated 45.

Next, the operation of power generation by the circulating osmotic power generation
system 400 illustrated in Fig. 5 will be described. The first pump 46 is driven to supply
water from the tank of water to be treated 45 into the first chamber 43 of the osmotic
pressure generator 31 through the pipeline 201a. Before and after the supply of water,
the second pump 47 is driven to supply the concentrated working medium B from the
concentrated working medium tank 34 into the second chamber 44 of the osmotic
pressure generator 31 through the pipeline 201c. The concentrated working medium B
supplied to the second chamber 44 has a sufficiently higher concentration compared to
the water only of the solvent supplied to the first chamber 43. Hence, the osmotic
pressure difference is generated between the water in the first chamber 43 and the con-
centrated working medium B in the second chamber 44, and the water permeates
through the osmosis membrane 42 and moves into the second chamber 44. At this

time, the working medium B in the second chamber 44 is an aqueous solution
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[0092]

containing the solute of the embodiment and exhibits a high osmotic pressure inducing
action. Hence, a high permeate flux is generated when water in the first chamber 43
permeates through the osmosis membrane 42 and moves to the working medium B in
the second chamber 44. As a result, a large amount of water in the first chamber 43 can
move to the concentrated working medium B in the second chamber 44 and a diluted
working medium B which has a high pressure and is diluted with water is produced.
Incidentally, the water in the first chamber 43 is discharged through the pipeline 201b.

The diluted working medium B having a high pressure in the second chamber 44 is
delivered to the diluted working medium tank 32 through the pipeline 201d and stored
therein. The pressure exchanger 81 and the body of rotation 82 are provided to the
pipeline 201d along the flow direction of the working medium B in this order.

Hence, the pressure of the diluted working medium B is lowered and the pressure of
the concentrated working medium B is raised by pressure exchange between the con-
centrated working medium B which flows from the concentrated working medium tank
34 through the pipeline 201c and the diluted working medium B which has a high
pressure and flows from the second chamber 44 (through the body of rotation §82)
through the pipeline 201d in the pressure exchanger 81 as described above. The diluted
working medium B having an appropriate pressure by pressure exchange flows to the
body of rotation 82 and efficiently rotates it to generate electricity. In addition, the con-
centrated working medium B having an appropriate pressure by pressure exchange is
supplied to the second chamber 44.

The diluted working medium B stored in the diluted working medium tank 32 is con-
centrated by the diluted working medium circulation system including the third
chamber 53 of the membrane distillation and separation device 33 and the pure water
circulation and cooling system including the fourth chamber 54 of the membrane dis-
tillation and separation device 33 in the same manner as the concentration system 300
illustrated in Fig. 4 described above. In other words, the diluted working medium B is
stored in the circulation tank 64 as a working medium B (concentrated working
medium B) at a concentration capable of being used as the concentrated working
medium B by repeatedly performing the dehydration treatment including the
evaporation of water in the diluted working medium B in the third chamber 53, the
permeation of the vapor through the dehydration membrane 52, the movement of the
vapor to the fourth chamber 54, and the cooling and condensation of the vapor with the
circulating pure water on the fourth chamber 54 side plural times, and the concentrated
working medium B is returned to the concentrated working medium tank 34. The con-
centrated working medium B in the concentrated working medium tank 34 is supplied
into the second chamber 44 of the osmotic pressure generator 31 by driving the second

pump 47 in order to rotate the body of rotation 82 and thus to generate electricity as
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[0093]

[0094]

[0095]

[0096]

[0097]

[0098]
[0099]

described above.

Consequently, it is possible to continuously perform the operation of power
generation by the rotation of the body of rotation 82 using the osmotic pressure
generator 31 and the concentration of the diluted working medium B using the
membrane distillation and separation device 33. Hence, it is possible to provide the cir-
culating osmotic power generation system 400 which can be operated at low cost and
can efficiently rotate the body of rotation 82 such as a turbine to generate electricity.

Incidentally, in the circulating osmotic power generation system 400 illustrated in
Fig. 5, the first treatment container of the osmotic pressure generator is partitioned in
the horizontal direction by an osmosis membrane to form the first chamber 43 and the
second chamber 44, but the first treatment container may be partitioned into upper and
lower parts by an osmosis membrane to form the first chamber 43 and the second
chamber 44.

In the circulating osmotic power generation system 400 illustrated in Fig. 5, the
water in the first chamber 43 of the osmotic pressure generator 31 is delivered to the
outside through the pipeline 201b, but the pipeline 201b may be connected to the tank
of water to be treated 45 to form a loop by the tank of water to be treated 45, the
pipeline 201a, the first chamber 43 of the osmotic pressure generator 31, and the
pipeline 201b.

In the circulating osmotic power generation system 400 illustrated in Fig. 5, the de-
hydration membrane 52 of the membrane distillation and separation device 33 is not
limited to a porous latex membrane, and any membrane may be used as long as it has
the function of permeating vapor.

In the circulating osmotic power generation system 400 illustrated in Fig. 5, the con-
centration of the diluted working medium B is not only performed by using the
membrane distillation and separation device 33 equipped with the dehydration
membrane 52 but also may be performed by using any device as long as it can remove
water from the diluted working medium B.

Hereinafter, Examples will be described.

A forward osmosis test was performed as follows. The CTA-ES membrane manu-
factured by HTI Corporation was set in a FO cell, pure water was placed on the active
face side of the membrane as water to be treated, and the working medium was then
placed on the support layer side. The time when the working medium was completely
placed was counted as 0 minute, and this state was left to stand for 20 minutes. After
the test, the weight of the liquid on the active face side was measured, and the
permeate flux (Jw) was calculated from the difference before and after the test by
taking the specific gravity of the liquid as 1. In addition, the total organic carbon con-

centration in the liquid on the active face side after the test was measured by using a
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total organic carbon meter and the cation concentration was measured by ion chro-
matography to calculate the loss of solute (Js). The solute contained in the working
medium and the concentration thereof and the experimental results are presented in
Table 1.

[0100] [Table 1]

Solule Jde e JsAdw
e sonesnat
norganic IvY - o of L e p
sait mfirag;g.m Compound compoundne] WO h Liwh mnodL
mad L d
Comparstive - - o -
Faamole 1 BrYeA 0.4 1.8 1.5 014
Comparat fve _ ~ A .
Examoie 2 BIPA 0.8 4.8 125 0.3
Comparative - . . < . 4
Exanple 3 BIPs i1 8.6 172 0. 97
Compar ot ive oy . . - ‘
Feampie 4 Mall, 0.4 1.1 5.1 L8
Comparative ~ . R
Exsinis 5 Bebly 1.0 8.7 4.7 8.80
Comparative .y . N ,
Exanple 6 MeCly 2.4 12.3 15,6 0.79
Conparative - - E 14 IREY;
Frampie T Kety 2.3 14.9 4.9 £.00
Comparative ’ . Ba p
Erameis § L 3.7 7.3 182 .22
Gomparative gy .
Examsie 9 Badly 2.5 2.5 6.7 0.37
Cosparative e 8 ! ;
Eranpie 10 HH 804 2.5 13. ¢ 13.8 0,83
Exampiae 1 Helly Q.4 BiPA 6.4 .7 1.0 9. 1%
Exampie 2 BeCly 1.0 HEEE) 0.4 1.5 13.3 R
Exampie 3 Relit, 2.5 RS .4 8. & 07 827
Exampia 4 el 0.4 DIPA G.6 17 13§ 913
Exaimpie 5 Ketil, 1.0 DIPA 0.8 i.% 14.0 & 14
Exampie 8 Raliy 25 Hra 0.8 ¢. 8 17.0 0. 04
Exampie 7 Bgliy 2.4 Iies 6.5 40 15,4 0.26
txampie 8 Heiis 3.7 &rginine 1 6.5 i7.8 {32
Exanpie § Regiy 37 Argining 8.1 5.7 17.4 O 33
Exampie 10 Bati, 37 Argining €.3 5.4 181 1002
Example 11 Hally 3.9 Arginine 0.4 12.2 13. 4 361
Exampie 12 Hehi, 1.8 DYPRE D2 8.8 18.2 044
Exanmple 13 Refdy 25 27 0.5 1.1 73 8,23
Exampia 14 RH.SG, 2.5 DTPA 0.5 45 12,2 3. 64

DTPA: diethylenetriaminepentaacetic acid SNa salt
DTPMP: diethylenetriaminepenta(methylenephosphonic acid) 7Na salt
[0101]  Asis apparent from Table 1, in Examples 1 to 7 in which a compound containing

plural phosphonic acid groups is used as a draw solution, the loss of solute of an
inorganic salt to be generally used is significantly minor. In addition, Comparative
Examples in which a sodium salt having a carboxylic acid group is used as a solute is
inferior to Examples in Js/Jw. It is possible to cut down the running cost of the water
treatment system utilizing the osmotic pressure by using a working medium having
such properties. In addition, it is possible to generate electricity at low cost by using
the water flow generated by the osmotic pressure inducing action of these to generate

electricity.
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[0102]

[0103]

Here, some elements are expressed only by element symbols thereof.
While certain embodiments have been described, these embodiments have been

presented by way of example only, and are not intended to limit the scope of the in-
ventions. Indeed, the novel embodiments described herein may be embodied in a
variety of other forms; furthermore, various omissions, substitutions and changes in the
form of the embodiments described herein may be made without departing from the
spirit of the inventions. The accompanying claims and their equivalents are intended to
cover such forms or modifications as would fall within the scope and spirit of the in-
ventions.
Reference Signs List

A Water to be treated,

B Working medium,

C Water

1, 31 Osmotic pressure generator,

2, 32 Diluted working medium tank,

3 Reverse osmosis membrane separator,

4, 34 Concentrated working medium tank,

11, 41 First treatment container,

12, 42 Osmosis membrane,

13, 43 First chamber,

14, 44 Second chamber,

15, 45 Tank of water to be treated,

16 First pump,

17 Second pump,

21, 51 Second treatment container,

22 Reverse osmosis membrane (RO membrane),

23, 53 Third chamber,

24, 54 Fourth chamber,

25 Third pump,

26 Pure water tank,

27 On-off valve,

33 Membrane distillation and separation device,

52 Dehydration membrane,

61 First on-off valve,

62 Heat exchanger,

64 Circulation tank,

65 Second on-off valve,
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66 Fourth pump,

71 First pure water tank,

72 Second pure water tank,
73 Third on-off valve,

74 Fifth pump,

75 Fourth on-off valve,

81 Pressure exchanger,

82 Body of rotation,

100 Water treatment system,
101 Pipeline,

200 Desalination system,
201 Pipeline,

300 Concentration system, and

400 Circulating osmotic power generation system
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Claims

A water treatment system comprising:

a first treatment container having an osmosis membrane to partition a
first chamber for accommodating water to be treated and a second
chamber for accommodating a working medium to induce osmotic
pressure, wherein

the working medium is an aqueous solution containing a compound
having a metal salt structure of a carboxylic acid group in a main chain,
a side chain, or a main chain and a side chain, a compound having a
metal salt structure of a phosphonic acid group in a main chain, a side
chain, or a main chain and a side chain, or a compound having a metal
salt structure of a carboxylic acid group in a main chain, a side chain,
or a main chain and a side chain and a metal salt structure of a
phosphonic acid group in a main chain, a side chain, or a main chain
and a side chain and an inorganic salt as a solute.

The system according to claim 1, wherein a concentration of the
compound having a metal salt structure of a carboxylic acid group in a
main chain, a side chain, or a main chain and a side chain, the
compound having a metal salt structure of a phosphonic acid group in a
main chain, a side chain, or a main chain and a side chain, or the
compound having a metal salt structure of a carboxylic acid group in a
main chain, a side chain, or a main chain and a side chain and a metal
salt structure of a phosphonic acid group in a main chain, a side chain,
or a main chain and a side chain in the working medium is 0.05 mol/L.
or more and 1.0 mol/L or less.

The system according to claim 1 or 2, wherein the compound having a
metal salt structure of a carboxylic acid group in a main chain, a side
chain, or a main chain and a side chain, the compound having a metal
salt structure of a phosphonic acid group in a main chain, a side chain,
or a main chain and a side chain, or the compound having a metal salt
structure of a carboxylic acid group in a main chain, a side chain, or a
main chain and a side chain and a metal salt structure of a phosphonic
acid group in a main chain, a side chain, or a main chain and a side
chain is expressed by C,H,P,0,NM,, wherein

M is an alkali metal and x, y, z, w, s, and t satisfy 2 <(being less than or
equal to) x <(being less than or equal to) 20, 8 <(being less than or
equal to) y <(being less than or equal to) 30, 1 <(being less than or
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equal to) z <(being less than or equal to) 6, 3 <(being less than or equal
to) w =(being less than or equal to) 18, 0 <(being less than or equal to)
s <(being less than or equal to) 3, and 2 <(being less than or equal to) t
<(being less than or equal to) 10.

The system according to any one of claims 1 to 3, wherein the
compound having a metal salt structure of a carboxylic acid group in a
main chain, a side chain, or a main chain and a side chain, the
compound having a metal salt structure of a phosphonic acid group in a
main chain, a side chain, or a main chain and a side chain, or the
compound having a metal salt structure of a carboxylic acid group in a
main chain, a side chain, or a main chain and a side chain and a metal
salt structure of a phosphonic acid group in a main chain, a side chain,
or a main chain and a side chain is a compound in which a carboxylic
acid group, a phosphonic acid group, or a carboxylic acid group and a
phosphonic acid group of a compound having a structure expressed by
Formula (1), (2), (3), (4), or (5) have a metal salt structure, wherein

R to R in Formula (1) are an alkyl chain of C,;H,, (nl is any integer
from O to 2), X!! to X' are each any one selected from the group
consisting of -COOH, -P(OH),, and OH, and at least two X in one
molecule are -COOH or -P(OH),

R?! to R? in Formula (2) are an alkyl chain of C,H,,, (n2 is any integer
from O to 2), X! to X?7 are each any one selected from the group
consisting of H, -COOH, -P(OH),, and OH, at least two X in one
molecule are -COOH or -P(OH),, and at least three X in one molecule
are a functional group other than H,

R3! to R* in Formula (3) are an alkyl chain of C;H,,; (n3 is any integer
from O to 3), R* to R* in Formula (3) optionally contain a carboxylic
acid group, X3! to X** in Formula (3) are each any one selected from the
group consisting of H, -COOH, -P(OH),, and OH, at least two X in one
molecule are -COOH or -P(OH),, and at least three X in one molecule
are a functional group other than H,

R*! to R* in Formula (4) are an alkyl chain of C 4H,,4 (n4 is any integer
from O to 2), X*' to X* in Formula (4) are each any one selected from
the group consisting of H, -COOH, -P(OH),, and OH, at least two X in
one molecule are -COOH or -P(OH),, and at least three X in one
molecule are a functional group other than H,

R3! to R** in Formula (5) are an alkyl chain of C,sH,,s (n5 is any integer

from O to 2), X3! to X3 in Formula (5) are each any one selected from
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the group consisting of H, -COOH, -P(OH),, and OH, at least two X in
one molecule are -COOH or -P(OH),, and at least three X in one

molecule are a functional group other than H:

[Chem.1]
ER - xi 1
){13_,,;{‘}? R ’ i1}
~~ R“_.._ xi:&‘

W25 pd? 24 w21

o S R Ty

X24__R25/‘ iy ~. R2J__ XAE
Rz;‘.

WA R3S\NM iy Rt
Xﬁ_q)’-l,.f ! L Rﬁ’_ y?“ 2!
L o3 S i
X4S~R4‘S/N R ??} R MR N,\ RT3 42 {4}
344 R 32
}l(é-"“ )3{43

X54
L
pid
Rﬁ?.
N
){gx‘

The system according to any one of claims 1 to 4, wherein the
compound having a metal salt structure of a carboxylic acid group in a
main chain, a side chain, or a main chain and a side chain, the
compound having a metal salt structure of a phosphonic acid group in a
main chain, a side chain, or a main chain and a side chain, or the
compound having a metal salt structure of a carboxylic acid group in a
main chain, a side chain, or a main chain and a side chain and a metal
salt structure of a phosphonic acid group in a main chain, a side chain,
or a main chain and a side chain is at least one kinds selected from the
group consisting of nitrilotriacetic acid 2Na salt, N-
(2-hydroxyethyl)iminodiacetic acid 2Na salt, ni-
trilotris(methylenephosphonic acid) 5Na salt, diethylenetriaminepen-
taacetic acid 3Na salt, diethylenetriaminepentaacetic acid 5Na salt, di-

ethylenetriaminepenta(methylenephosphonic acid) 7Na salt, N-
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(2-hydroxyethyl)ethylenediamine-N,N',N'-triacetic acid 3Na salt,
1,3-propanediaminetetraacetic acid 4Na salt,
1,3-diamino-2-propanol-N,N,N',N'-tetraacetic acid 2Na salt, glycol
ether diaminetetraacetic acid 4Na salt, ethylenediaminedisuccinic acid
3Na salt, ethylenediaminetetramethylenephosphonic acid 5Na salt, and
3-carboxy-3-phosphonohexanedioic acid 5SNa salt.

The system according to any one of claims 1 to 5, wherein a total
number of a carboxylic acid group and a phosphonic acid group
contained in the compound having a metal salt structure of a carboxylic
acid group in a main chain, a side chain, or a main chain and a side
chain, the compound having a metal salt structure of a phosphonic acid
group in a main chain, a side chain, or a main chain and a side chain, or
the compound having a metal salt structure of a carboxylic acid group
in a main chain, a side chain, or a main chain and a side chain and a
metal salt structure of a phosphonic acid group in a main chain, a side
chain, or a main chain and a side chain is 5 or more.

The system according to claim 1 or 3, wherein the compound having a
metal salt structure of a carboxylic acid group in a main chain, a side
chain, or a main chain and a side chain is an amino acid.

The system according to any one of claims 1 to 3 and 7, wherein the
compound having a metal salt structure of a carboxylic acid group in a
main chain, a side chain, or a main chain and a side chain is arginine.
The system according to any one of claims 1 to 8, further comprising a
body of rotation, wherein

a water flow is generated by the induction of osmotic pressure, and

the body of rotation is rotated by the water flow to generate electricity.
A working medium to be used in the water treatment system according
to any one of claims 1 to 9.

A working medium of an aqueous solution containing a compound
having a metal salt structure of a carboxylic acid group in a main chain,
a side chain, or a main chain and a side chain, a compound having a
metal salt structure of a phosphonic acid group in a main chain, a side
chain, or a main chain and a side chain, or a compound having a metal
salt structure of a carboxylic acid group in a main chain, a side chain,
or a main chain and a side chain and a metal salt structure of a
phosphonic acid group in a main chain, a side chain, or a main chain

and a side chain and an inorganic salt as a solute.
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[Fig. 5]
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