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1
REVERSE OSMOSIS TREATMENT APPARATUS

Technical Field
[0001]

The present invention relates to a reverse osmosis treatment apparatus, in particular,
relates to the reverse osmosis treatment apparatus which recovers a back pressure generated

when performing pressure regulation.
Background
[0002]

A desalination apparatus having a reverse osmosis membrane (hereinafter, referred to as
a “RO membrane”) has a plurality of RO membrane elements 222 which are arranged in series
inside a pressure vessel 224 of a cylindrical shape to use reverse osmosis pressure, as shown in
FIG. 12, and each RO membrane element 222 is connected to a water collection pipe 234 which
is located in the center of the RO membrane elements 222. Feedwater is supplied from one side
of the desalination apparatus by a high pressure pump, and the inside of the pressure vessel 224
is pressurized in accordance with an open degree of a valve provided on the side of concentrated
water. When the applied pressure exceeds the osmotic pressure of the feedwater, desalinated
water (permeated water) flows into the central water collection pipe 234 through the RO

membranes.

[0003]

The feedwater supplied into the pressure vessel 224 has higher salt concentration as the
feedwater moves toward the concentrated water side from the feedwater side, so that the
pressure applied to the pressure vessel 224 can be eventually determined by a salt concentration,
an amount of the permeated water, and a flow rate of the feedwater on the membrane surface in
the final stage. Therefore, the amount of the permeated water increases on the feedwater side in
the pressure vessel 224, because the pressure more than necessary is applied thereto. For
example, FIG. 13 shows a relationship between “element position” of the RO membrane and
“relative flux”, when seven RO membrane elements 222 are arranged in series. As shown in
FIG. 13, the permeated water volume decreases as the element position moves from the
feedwater side to the concentrated water side. This is because the salt concentration of an

untreated water increases as the element position moves from the feedwater side to the
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concentrated water side, and a pressure higher than the pressure on the feedwater side is
required on the concentrated water side. However, the pressure applied on the feedwater side is
the same with that on the concentrated water side, so that more permeated water can be
produced on the feedwater side than on the concentrated water side. Since the amount of the
permeated water is not uniform in the pressure vessel 224 as shown in FIG. 13, a required power

is increased and the RO membrane elements on the feedwater side is contaminated.
[0004]

To solve such a problem, for example, a seawater desalination apparatus which includes
a plug for blocking the water collection pipe on a connection portion of the RO membrane
element in the middle of the pressure vessel, and permeated water lines through which the
permeated water separated back and forth by the plug is respectively discharged to the outside of
the pressure vessel, is described in Japanese Patent Application Publication No. 2010-179264. It
is further described that the seawater desalination apparatus has an energy recovery apparatus
which regulates an amount of front-side permeated water separated by the plug in the pressure

vessel to recover the back pressure.
[0005] [INTENTIONALLY LEFT BLANK]
[0006]

However, the seawater desalination apparatus described in Japanese Patent Application
Publication No. 2010-179264 has not been able to take full advantage of the back pressure of
the front-side permeated water in the pressure vessel, because a flow control valve is provided
between the energy recovery apparatus and the pressure vessel having the reverse osmosis

membrane.
[0007]

It is the object of the present invention to substantially overcome or at least ameliorate

one or more of the above disadvantages.

AH26(10536764_1):MSD



2012355017 23 Nov 2015

Summary
[0008]

A first aspect of the present invention provides a reverse osmosis treatment apparatus,
comprising a first pressure vessel for a primary treatment of untreated water, and a second
pressure vessel for a secondary treatment of the water treated by the primary treatment, wherein
a plurality of reverse osmosis membrane elements having a reverse osmosis membrane are
arranged in series along a water collection pipe through which permeated water flows, in the
first pressure vessel and the second pressure vessel, wherein the first pressure vessel comprises
an untreated water inlet pipe which supplies the untreated water on one end thereof, a first
concentrated water outlet pipe which discharges the water treated by the primary treatment on
the other end thereof, a first outlet pipe which discharges permeated water, and a permeated
water flow control valve which is connected to the first outlet pipe and regulates a pressure in
the first pressure vessel, wherein the number of the reverse osmosis membrane elements in the
first pressue vessel is two to three, and less than the number of the reverse osmosis membrane
elements in the second pressure vessel, wherein the second pressure vessel comprises a
primarily treated water inlet pipe which introduces the water treated by the primary treatment on
one end thereof, a second concentrated water outlet pipe which discharges the water treated by
the secondary treatment on the other end thereof, and a second outlet pipe which discharges the
permeated water, and wherein an energy recovery apparatus is provided between the first outlet

pipe and the permeated water flow control valve.
[0009]

In an embodiment, the energy recovery apparatus is provided between the first outlet
pipe and the permeated water flow control valve so that a back pressure inside the first pressure
vessel can be regulated by the permeated water flow control valve, and the back pressure can be
recovered by using the energy recovery apparatus. It is possible to save power of the reverse
osmosis treatment apparatus by using the energy of the back pressure as an operation power

thereof.
[0010]

The reverse osmosis treatment apparatus according to another embodiment includes the
energy recovery apparatus which is preferably a PX-type energy recovery apparatus or a

DWEER-type energy recovery apparatus.
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[0011]

The reverse osmosis treatment apparatus according to another embodiment can use the
energy as a pressure for supplying a liquid therein by using the PX-type energy recovery

apparatus or the DWEER-type energy recovery apparatus.
[0012]

The reverse osmosis treatment apparatus according to another embodiment includes the

energy recovery apparatus which is preferably a turbocharger-type energy recovery apparatus.
[0013]

The reverse osmosis treatment apparatus according to another embodiment can use the
energy as a pressure for supplying a liquid therein by using the turbocharger-type energy
recovery apparatus. In addition, the turbocharger-type energy recovery apparatus can be used
for a wide range of liquids, because the liquids are not required to be in contact with each other

when the pressure is transmitted.
[0014]

The reverse osmosis treatment apparatus according to another embodiment includes the

energy recovery apparatus which is preferably a turbine generator.
[0015]

The reverse osmosis treatment apparatus according to another embodiment can use the
back pressure in the first pressure vessel for the turbine generator to use a generated power for

the apparatus.
[0016]

In a second aspect, the present invention provides a reverse osmosis treatment apparatus,
comprising

a first pressure vessel for a primary treatment of untreated water,

a second pressure vessel for a secondary treatment of the water treated by the primary
treatment, and

a third pressure vessel having reverse osmosis membrane elements which are capable of
reverse osmosis treatment at low pressure, wherein

a reverse osmosis membrane element having a reverse osmosis membrane or the

plurality of reverse osmosis membrane elements are arranged in series along a water collection

AH26(10536764_1):MSD



2012355017 23 Nov 2015

5

pipe in the first pressure vessel and the second pressure vessel, wherein
the first pressure vessel comprises
an untreated water inlet pipe which supplies the untreated water on one end
thereof,
a first concentrated water outlet pipe which discharges the water treated by the
primary treatment on the other end thereof,
a first outlet pipe which discharges permeated water, and
a permeated water flow control valve which is connected to the first outlet pipe
and regulates a pressure in the first pressure vessel, wherein
the second pressure vessel comprises
a primarily treated water inlet pipe which introduces the water treated by the
primary treatment on one end thereof,
a second concentrated water outlet pipe which discharges the water treated by
the secondary treatment on the other end thereof, and
a second outlet pipe which discharges the permeated water, wherein
an energy recovery apparatus is provided between the first outlet pipe and the
permeated water flow control valve, wherein
the energy recovery apparatus converts a back pressure of the permeated water which is
discharged from the first pressure vessel, to the pressure applied to the permeated water which is
discharged from the second pressure vessel, and wherein
the permeated water having an increased pressure from the second pressure vessel is

treated in the third pressure vessel.
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[0017]

In an embodiment, the energy recovery apparatus converts the back pressure from the
first pressure vessel to the pressure applied to the permeated water from the second pressure
vessel. The permeated water from the second vessel is not sufficiently treated in some cases,
because the water which is supplied to the second pressure vessel is concentrated water which
has been treated by the first treatment. In this case, the reverse osmosis treatment can be further
performed with low pressure, because the water to be treated is the permeated water which has
already been treated. Therefore, the permeated water from the second vessel can be used as the
pressure to be sent to the third vessel. Even if the liquids to exchange the pressures have contact
with each other, the difference between the qualities of the liquids is so small and the contact

time between the liquids is so short that the qualities of the liquids are not particularly affected.
[0018]

The reverse osmosis treatment apparatus according to another embodiment includes a
high pressure pump which supplies the untreated water to the first pressure vessel, wherein an
energy which is recovered by the turbocharger-type energy recovery apparatus is preferably

used as a supply means which supplies an untreated liquid to the high pressure pump.
[0019]

The reverse osmosis treatment apparatus according to another embodiment uses the
back pressure from the first pressure vessel as the supply means which supplies the untreated
liquid to the high pressure pump. The untreated liquid can be supplied to the high pressure

pump with low pressure by using the back pressure from the first pressure vessel.
[0020]

The reverse osmosis treatment apparatus according to another embodiment includes a
pretreatment system which performs a pretreatment for the untreated water which is supplied to
the first pressure vessel, wherein the energy which is recovered by the turbocharger-type energy
recovery apparatus is preferably used as a supply means which supplies the untreated liquid to

the pretreatment system.
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[0021]

The reverse osmosis treatment apparatus according to another embodiment uses the
back pressure from the first pressure vessel as a supply means which supplies the untreated
liquid to the pretreatment system. The untreated liquid can be supplied to the pretreatment

system with low pressure by using the back pressure from the first pressure vessel.

[0021a]
In a third aspect, the present invention provides a reverse osmosis treatment method by
using a reverse osmosis treatment apparatus, comprising
a first pressure vessel for a primary treatment of untreated water, and
a second pressure vessel for a secondary treatment of the water treated by the primary
treatment, wherein
a reverse osmosis membrane element having a reverse osmosis membrane or the
plurality of reverse osmosis membrane elements are arranged in series along a water collection
pipe in the first pressure vessel and the second pressure vessel, wherein
the first pressure vessel comprises
an untreated water inlet pipe which supplies the untreated water on one end
thereof,
a first concentrated water outlet pipe which discharges the water treated by the
primary treatment on the other end thereof,
a first outlet pipe which discharges permeated water, and
a permeated water flow control valve which is connected to the first outlet pipe
and regulates a pressure in the first pressure vessel, wherein
the second pressure vessel comprises
a primarily treated water inlet pipe which introduces the water treated by the
primary treatment on one end thereof,
a second concentrated water outlet pipe which discharges the water treated by the
secondary treatment on the other end thereof, and
a second outlet pipe which discharges the permeated water, wherein
an energy recovery apparatus of a turbo charger type is provided between the first outlet
pipe and the permeated water flow control valve, and wherein
the energy recovered by the energy recovery apparatus of the turbo charger type is used
in the following order:

(1) a supply means that supplies an untreated liquid to a high pressure pump which
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supplies the untreated water to the first pressure vessel;

(2) a supply means that supplies the untreated liquid to a pretreatment system which
performs a pretreatment for the untreated water supplied to the first pressure vessel;
and

a supply means that supplies the water treated by the first treatment in the first pressure vessel to

the second pressure vessel.

[0021a]
In a fourth aspect, the present invention provides a reverse osmosis treatment
apparatus, comprising
a first pressure vessel for a primary treatment of untreated water, and
a second pressure vessel for a secondary treatment of the water treated by the primary
treatment, wherein
a plurality of reverse osmosis membrane elements having a reverse osmosis membrane
are arranged in series along a water collection pipe through which permeated water flows, in the
first pressure vessel and the second pressure vessel, wherein
the first pressure vessel comprises
an untreated water inlet pipe which supplies the untreated water on one end
thereof,
a first concentrated water outlet pipe which discharges the water treated by the
primary treatment on the other end thereof, and
a first outlet pipe which discharges permeated water, wherein
the number of the reverse osmosis membrane elements in the first pressure vessel is
two to three, and less than the number of the reverse osmosis membrane elements in the second
pressure vessel, wherein
the second pressure vessel comprises
a primarily treated water inlet pipe which introduces the water treated by the
primary treatment on one end thereof,
a second concentrated water outlet pipe which discharges the water treated by
the secondary treatment on the other end thereof, and
a second outlet pipe which discharges the permeated water, and wherein

an energy recovery apparatus is provided in the first outlet pipe.
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[0022]

According to at least a preferred embodiment, the reverse osmosis treatment apparatus
has the first pressure vessel and the second pressure vessel separately, respectively used for the
primary treatment of the untreated water and the secondary treatment of the water treated by the
primary treatment, so that a total amount of the permeated water by the reverse osmosis
treatment apparatus can be increased. In addition, the reverse osmosis treatment apparatus can
use the energy effectively by recovering the back pressure by the energy recovery system,
wherein the back pressure is generated by decreasing the amount of the permeated water in the

first vessel.

Brief Description of Drawings
[0022b]

Preferred embodiments of the invention will be described hereinafter by way of

examples only, with reference to the accompanying drawings:
[0023]

FIG. 1 is a block diagram of a desalination system which is provided with a reverse

osmosis treatment apparatus according to an embodiment of the present invention.
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FIG. 2 is a perspective view showing a configuration of an element of the reverse
osmosis treatment apparatus according to the embodiment of the presenf invention.

FIG. 3 is a front view of the element in a state before the RO membranes of the
element shown in FIG. 2 are wound,aroun’d.

FIG. 4 is a front view of the element shown in FIG. 2.

FIG. 5 is a cross-sectional view showing a schematic configuration of the reverse
osmosis treatment apparatus according to the embodiment of the present invention.

FIG. 6 is a graph showing a relationship between a “relative flux” of permeated

water and an “element position” of the RO membrane element of the reverse osmosis

treatment apparatus according to the embodiment of the present invention.

FIG. 7 is a cross-sectional view showing a schematic configuration of the reverse
osmosis treatment apparatus according to another embodiment of the present invention. .

FIG. 8 is a schematic diagram of the reverse osmosis treatment apparatus
including a PX/DWEER-type energy recovery apparatus.

FIG. 9 is a schematic diagram of the reverse osmosis treatment apparatus
including a turbocharger-type energy recovery apparatus.

FIG. 10 is a diagram illustrating an energy exchange destination used by the
turbocharger-type energy recovery apparatus.

FIG. 11 is a schematic diagram of the reverse osmosis treatment apparatus
including a turbine generator.

FIG. 12 is a cross-sectional view showing a schematic configuration of a
conventional reverse osmosis treatment apparatus.

FIG. 13 is a graph showing a relationship between a “relative flux” of permeated
water and an “element position” of the RO membrane element of the conventional reverse

osmosis treatment apparatus.
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{Description of Embodiments}
{0024}

Hereinafter, preferred embodiments of the present invention will be explained
with reference to the accompanying drawings. The present invention will be explained
with reference to the preferred embodiments below, however; the embodiments can be
modified by many methods without departing from the scope of the present invention, and
embodiments other than the present embodiment can be utilized. Therefore, all
modifications in the scope of the present invention are included in claims.

{0025}

FIG. 1 is a block diagram of a desalination system 20 which is assembled with a
reverse osmosis treatment apparatus 10 according to an embodiment of the present
invention. It should be noted that the reverse osmosis treatment apparatus according to
the present invention can be used for the desalination system which is utilized for
wastewater reuse, pure water production, brine desalination, and seawater desalination, for
example.

{0026}

The desalination system 20 shown in FIG. 1 is configured with the reverse
osmosis treatment apparatus 10, a high pressure pump 14, and a tank 12 which stores an
untreated water. The untreated water in the tank 12 is supplied to the reverse osmosis
treatment apparatus 10 with high pressure by the high pressure pump 14, and is treated
(desalinated) with reverse osmosis by respective RO membranes (treatment membranes) of
the reverse osmosis treatment apparatus 10, so that the untreated water can be separated
into permeated water (separated water) 16 and concentrated water (untreated water) 18
which is concentrated with salt. The permeated water 16 obtained in this manner is
discharged to the outside of the reverse osmosis treatment apparatus 10 through one outlet

-9-
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pipe, and the concentrated water 18 is also discharged to the outside of the reverse osmosis

treatment apparatus 10 through the other outlet pipe which is different from the outlet pipe

' through which the permeated water is discharged. The pressure in the reverse 0sSmosis

treatment apparatus 10 can be raised to a high pressure by the high pressure pump 14. In
addition, a valve is providéd on the outlet side of the reverse osmosis treatment apparatus
10, so that the pressure in the reverse osmosis treatment apparatus 10 can be regulated by
the opening degree of the valve.

{0027}

The untreated water in thev tank 12 can be used as a raw water, but the water which
has been treated to remove turbid components and the like contained in the raw water by a
pretreatment is preferably used as the untreated water. As the pretreatment, there are
treatments such as use of filters, and sterilizing microorganisms as well as removing
precipitated particles in the raw water by introducing the raw water to a sedimentation tank
and adding fungicides such as chlorine. The untreated water which has been treated to
remove by filtration the turbid components aggregated by adding aggregating agent such as
iron chlorides to the raw water, can be also used.A
{0028}

The reverse osmosis treatment apparatus 10 is configured with a single unit which
includes a first module 84 and a second module 86 shown in FIG. 5, or is configured with
the plurality of single units connected in parallel with one another. The first module 84
and the second module 86 are assembled by filling up an element 22 shown in FIG. 2,
respectively, into a cylindrical first vessel 80 and a cylindrical second vessel 82 shown in
FIG. 5, or by filling up the plurality of eiements 22 which are connected in series,
respectively, into the cylindrical first vessel 80 and the cylindrical second vessel 82 shown

in FIG. 5.

-10-
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{0029}

As shown in FIG. 2, the elément 22 is conﬁgured by arranging a membrane unit
32 including RO membranes 28 and an outlet pipe 30 arbund a water collection pipe 34.
The niembrane unit 32 is configured by connecting four bag-body shaped RO membranes
28 radially to the outer periphery of the water collection pipe .34 as shown in FIG. 3, and
further by winding the RO membranes 28 spirally around the water collection pipe 34 as
shown in FIG. 4. The bag-body shaped RO membrane 28 has an open end to be
connected to the ’vs’/at’e’r colléction pipe 34 so that the open end can be in communication
With’ through holés 36 of the Water collection pipe 34 shown in FIG. 3. The untreated
water flows on théouter surface o‘f the RO membrahes 28, and is desalinated by being
permeated through the RO membranes 28. The permeated water after desalihation
through the RO membranes 28 is collected in the water collection pipe 34 from inside the
RO membranes 28 through the opening of the RO membranes 28 and the through holes 36
of the water collection pipe 34, and is discharged from the element 22 through the water
collection pipe 34 and the outlet pipe 30. Reference numerals 38 in FIG. 3 denote mesh

spacers which are arranged inside the RO membranes 28. Inner spaces of the RO

‘membranes 28 are kept not to be collapsed by the mesh spacers 38, even if the RO

membranes 28 are spirally wound around the water collection pipe 34.  Further, reference
numerals 40 denote mesh spacers whiéh are arranged between the adjacent RO membranes
28. The mesh spacers 40 are also connected radially to the periphery of the water
collection pipe 34 in the same manner as the RO membranes 28.
{0030}' |

| FIG 5 is a cross-sectional view of the reverse osmosis treatmeht apparatus 10
according to the embodiment of the present invention. In the present embodiment, the
first module 84 for the first treatment has two elements 22 connected in series in the first

-11-
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vessel 80, and the second module 86 for the second treatment has five elements 22

~ connected in series in the second vessel 82. The first vessel 80 has one opening through

which the untreated watef is introduced therein on one end portion'therebﬂ and has the
other opening through which a first concéntrated water (water treated by the first
treatment) which remains untreated in the first vessel 80 is discharged therefrom on the
other end portion thereof. The second vessel 82 has alsQ, one opening through which the
untreated water is introduced therein on one end portion thereof, and has the other opening
through which a second concentrated water (water treated by the second treatrhent) which
reméins untreated in the second vessel 82 is dischérged therefrom on the other end portion
thereof. The opening on the introduction side of the first vessel 80 is subjected to a
predetermined operation pressure by the high pressure pump 14. In addition, the first
vessel 80 and the second vessel 82 can be made of an FRP or the like, so that they can '
withstand a high pressure (not less than 5 MPa). In addition, the first vessel 80 and the
second vessel 82 are preferably connected with each other by a pipe which is made of
material capable of withstanding the high pressure.

{0031}

As shown in FIG. 5,. the first vessel 80 has an untreated water inlet pipe 56 through
which the untreated water is introduced in the first vessel 80, and has a first concentrated
water outlet pipe 62 Fhrough which the first concentrated water remaining as the untreated
water which was not permeated into the water collection pipe 34 is discharged. The
permeated water collected in the water collection pipe 34 through the RO membranes 28 is
discharged from the first vessel 80 through a first outlet pipe 58 which is provided.on the
side of the first concentrated water outlet pipe 62. An energy recovery apparatus 150, a
measuring instrument 66, and a permeated water ﬂow control valve 64 are provided on the
outlet of the first outlet pipe 58. The pressure in the first vessel 80 is adjusted to regulate

-12-
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an amount of the permeated water fromthe vessel 80 by applying a back pressure which is

regulated by the permeated water flow control valve 64. The operatlon power of the

reverse osmosis treatment apparatus 10 can be reduced by recovering the back pressure by
the energy recovery apparatus 150 and by using the back pressure therefor.
{0032} ’

, The second vessel 82 has a primary treated water inlet pipe 68 through which the
first concentrated water discharged frorn,’ the first vessel 80 is introduced in the second
vessel 82, and has a second concentrated water 'outlet' pipe 70through which the second
concentrated water remaining as the untreated water whrch was not permeated into the
water collection pipe 34 is d1scharged A concentrated water outlet valve 74 which
regulates the pressure in the second vessel 82 is provided on the outlet of the second
concentrated water outlet pipe 70. The permeated water collected in the water collection
pipe 34 through the RO membranes 28 is ’discharged from the second vessel 82 through the
second outlet pipe 72 which is provided on the side of the second concentrated water outlet
pipe 70. A measuring instrument 76 is provided on the outlet of the second outlet pipe
72.

{0033}

‘According to the reverse osmosis treatment apparatus 10, the untreated water
supplied from the tank 12 in FIG. 1 through the untreated water inlet pipe 56 is introduced
sequentrally into elements 22 through a flow passage 57, and is collected in the water
collectron pipe 34 after being permeated through the RO membranes 28 of the elements 22,
In the present embodiment, the reverse osmosis treatment is performed by two steps of the
first vessel 80 and the second vessel 82, and the permeated water which is treated in the
first vessel 80 is discharged from the first vessel 80 through the first outlet pipe 58. The
first concentrated water which remains not permeated into the water collection pipe 34 is

-13-
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discharged from the first concentrated outlet pipe 62, and is supplied to the second vessel
82 through the primary treafed water inlet pipe 68 to be introduced sequentially into
elements 22 through a flow passage 69, and is collected in the water collectidn pipe 34
after being permeated by the RO membranes 28. The permeated water treated in the
second vessel 82 is discharged from the second vessel 82 through the second outlet pipe 72.
The second concentrated water which remains not permeated into the water collection pipe
34 1is discharged’ from the second concentrated water outlet pipe 70.

{0034}

FIG. 6 is a graph showing a relationship between a “relative flux” of permeated
water and an “element position” of the RO membrane element of the reverse osmosis
treatment apparatus according to the embodiment of the present invention. Here, the data
of the present invention are obtained by experiments using two elements (“element
positions” No. 1 and No. 2 on the horizontal axis in FIG. 6) installed in the first vessel and
five elements (“elément positions” No. 3 to No. 7 on the horizontal axis in FIG. 6) installed
in the second vessel. As for conventional reverse osmosis treatment apparatuses, much.
permeated water is produced from the feedwater side, and the amount of the permeated
water decreases as the element position moves to the concentrated water side. This is
because the pressure applied to the vessel is determined by the pressure applied to the
element of the final stage. On the other hand, as for the present invention, the pressure in
the first vessel 80 can be regulated by the permeated water flow control valve 64, so that
the “relative flux” can be set to the desired value as shown in FIG. 6, and the amount of the
permeated water can be decreaéed. The salt concentration of thé first concentrated water
can be reduced by decreasing the amount of the permeated water in the first vessel 80, so
that the amount of the permeated water in the second vessel 82 can be increased as shown
by the “element positions” No. 3 to No. 7 in FIG. 6. Therefore, the ununiformity of the

-14-
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amount of the permeated water from each RO membrane element can be eliminated, and
thereby the amount of the permeated water from the reverse osmosis treatment apparatus

can be increascd as a whole,

{0035}

The flow rate of the permeated water in the first vessel 80 can be regulated by

adjusting the opening degree of the permeated water flow control valve 64 in accordance
with the value measured by the measuring instrument 66, and the flow rate of the

permeated water in the second vessel 82 can be regulated by adjusting the opening degree

of the concentrated water dischargc valve 74 in accordance With the value measured by the
measuring instrument 76. The flow rate of the permeated water can be also controlled by
providing a pressure gauge between the high pressure pump 14 and the reverse osmosis
treatment apparatus 10 to adjust the pressure pump 14 in accordance with the value of the
pressure gauge. As measuring instruments 66, 76, a flow rate meter, the pressure gauge,
and a cocductivity meter can be used. Since the conductivity is varied depending on the
salt concentration, the amount of the permeated water can be confirmed by measuring the
ccnductivity to Iﬁonitor the salt concentration. By adjusting the flow rate of the
permeated water in the first vessel 80 by the opening degree of the permeated water flow
control valve 64, the pressure of 1 to 2 MPa is applied to inside the first vessel 80.

{0036}

Although two elements 22 are installed in the first vessel 80 and five elements are
installed in the'second vessel 82 in FIG. 5, the number of the elements is not limited to this.
However, the number of the ,eléments 22 in the first vessel 80 is preferably equal to or less
than the number of the elements 22 in the second vessel 82. The permeated watercan be
produced effectively from the reverse osmosis treatment apparatus as a whole by changing
the elements 22 in the first vessel, because the elements 22 on the feedwater side are easily
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contaminated. The elements 22 in the first vessel 80 can be replaced easily by reducing
the number bf the elements 22 in the first vessel 80. Taking into consideration that the
permeated water is discharged from the first vessel 80, it’i‘s preferred to use two elements
22 in the first vessel 80 according to FIG. 6, however, it is enough to use one élement 22
from the view point of the contamination. The number of the elements 22 in the first
vessel 80 is preferably 1 to 4, and more preférably 2 to 3.

{0037}

FIG. 7 is a cross—séctional view of the reverse osmosis treatment apparatus 110
according to another embodiment of the present invention. The reverse 0sSmosis
treatment apparatus 110 shown in FIG. 7 is different ffom the reverse osmosis treatment
apparatus 10 shown in FIG. 5 in thét two first vessels 80a, 80b are installed. The reverse
osmosis treatment apparatus 110 shown in FIG. 7 includes end-port vessels which have
outlets of the concentrated water at the end portions of the first vessels 80a, 80b and the
second vessel 82 in the flow direction of the untreated water. On the other hand, FIG. 5
shovx.ls the side-port vessels which have the outlets of the concentrated water on the side
surfaces of the vessels. The amount of the permeated water which is treated in the first.
vessels 80a, 80b is increased, and the amount of the first concentrated water which remains
not treated in the first vessels 80a, 80b, is decreased. By supplying the first concentrated
water to the second vessel 82 from the plurality of first vessels 80a, 80b as shown in FIG. 7,
the treatment is performed effectively. In the reverse osmosis treatment apparatus 110
shown in FIG. 7, the permeated water which is discharged from the outlet pipes 58a, 58b of
the respective first vessels 80a, 80b, is mixed by the pipe 88 and discharged to the outside
of the first vessels. The energy recovery apparatus 150, the measuring instrument 66, and
the permeated water flow control valve 64 are provided on the pipe 88, and the amount of
the permeated water can be regulated by adjusting the pressure in the first vessels 80a, 80b
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by the permeated water flow control valve 64.
{0038}

Next, a specific usage of the energy recovery apparatus will be explained with
reference to FIGS. 8 to 11.

{0039}

FIG. 8 is a schematic diagram of the reverse osmosis treatment apparatus when
using a PX (Pressure Exchange)-type energy recovery apparatus or a DWEER (Dual Work
Energy Exchanger)-type energy recovery apparatus. As shown in FIG. 8, the energy
recovery system 150 is provided between a first outlet pipe 58 (see FIG. 7) and the
permeated water flow control valve 64. By providing the energy recovery system 150
between the first outlet pipe 58 and the permeated water flow control valve 64, the back
pressure which is caused by regulating the flow rate by the permeated water flow control
valve 64 can be recovered by the energy recovery apparatus 150. By providing the
energy recovery system 150 between the permeated water flow control valve 64 and the
first vessel 80, the pressure which is applied to the first vessel 80 can be recovered
effectively. As the energy recovery apparatus, the PX-type energy recovery apparatus or
the DWEER-type energy recovery apparatus can be used. As the PX-type energy
recovery apparatus or the DWEER-type energy recovery apparatus, known ones can be
used. By using the PX-type energy recovery apparatus or the DWEER-type energy
recovery apparatus, the energy of about 95 % can be recovered.

{0040}

The PX-type energy recovery apparatus or the DWEER-type energy recovery
apparatus transmits the pressure of the permeated water (referred to as “permeated water
1) which is discharged from the first vessel 80 and has the high pressure of 1 to 2 MPa, to
the permeated water (referred to as “permeated water 2”) which is discharged from the
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second vessel 82. The permeated water 2 having the exchanged high pressure is treated
by a low pressure RO module 152 Which can perform the reverse osmosis treatment with
low pressure, so that the salt concentration of thé permeated water 2 can be further reduced.
The untreated water which is supplied to the second vessel 82 has high salt concentration,
because the untreated water has been subjected to the primary treatment in the first Vessel
80. = Therefore, fhe permeation water 2 which is discharged from the second vessel 82 has
the salt concentration higher than that of the permeated water which is discharged from the
first vessel 80. The permeated water 2 having the lower salt concentration can be
obtained by treating the permeated water 2 which is discharged from the second vessel 82
by the low pressure RO module 152. By using the back pressure applied to the first
vessel 80 for the pressure feed to the low pressure RO module 152, the energy can be used
effectively. In addition, since the pressure of the permeated water from the first vessel 80
is varied according to the operation conditions, a booster pump 154 can be provided
considering a case where the pressure cannot be sufficiently applied to the permeated water
2. If the back pressure from the first vessel 80 is not sufficient, the pressure of the
permeated water 2 can be raised by the booster pump 154.
{0041}

The PX-type energy recovery apparatus has a plurality of cylindrical rotating
bodies of revolver-shape, in which a pressure of a piston flow of the permeated water 1
from the first vessel 80 in one direction is transmitted to a pressure of a piston flow of the
permeated water 2 from the second vessel 82 in the other direction.
{0042}

The DWEER-type energy recovery apparatus has a plurality of cylindrical
pressure vessels, in which the permeated water 1 from the first vessel 80 and the permeated
water 2 from the second vessel 82 are divided by a partiﬁon wall in each cylinder, and
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switches thé flow direction alfemat¢ly to transmit a préssure in one direction to a pressure
in the other direction. |
{0043} |

Although the pressure transmission is performed Betweeh the permeated water 1
and the permeated water 2 in FIG. 8, it is not particularly limited to this if the pressure
tran'smission"can: be performed betweeﬁ ’liquids. However, each of the ’liquids is in

contact with each other in each 'ehergy recovery apparatus, the PX-type energy recovery

‘apparatus or the DWEER-type energy recovery apparatus. If there is a difference

between the salt concentrations of the used liquids (for example, the sea water and the
perfneated water), the concentration changes are caused when the pressure transmission is
performed. Therefore, it is preferred that the difference between the salt concentrations of
the liquids which exchange the pressures with each other is small, the permeated water 1
from the vessel 80 and the permeated water 2 from the vessel 82 are preferably used as
shown in FIG. 8. .

{0044}

It is also preferred that the flow ratio of the permeated water 1 'fronli the vessel 80
and the permeated water 2 from the vessel 82 is 1 to 1, because a volume ratio of an
exchange destination and an exchange origination is approximatély 1 to 1 in the PX-type
energy recovery ’apparatus and the DWEER—type energy recovery apparatus. However,
there are cases where either of the volumes of the exchange’ destination and the exchange
origination increases depending on the operyation’ conditions. When the volume of the
permeated water 2 from the second vessel is larger than that of the permeated water 1 from
the first vessel, the pressure can be increased by the booster pump 154, and when the
volume of the permeated water 1 from the first vessel is larger than that of the permeated
water 2 from the second vessel, the surplus energy can be merely discarded without any
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- pi‘oblems’.

{0045}
FIG. 9 shows a schematic diagram of the reverse 0smosis treatment apparatus
when the turboycharger-type' energy recovery apparatus is used as the energy recover

apparatus. The turbocharger-type energy recovery apparatus converts the back 'pressure

from the first Vessel 80 into the rotya’ti,Onkp(V)Wer of the turbine, aﬁd uses the rotation energy

to inéreasé the lyiq’uid ,’pI‘CVSSU,VIV‘C of the‘eXChange destination. It is possible to recover the
energy of about 90% By'using thé turbOCharger;type energy récbVery apparatus.
{0046} .

When the turbocharger-type energy recovery apparatus is used, all water in the |
reverse osmosis treatment apparétus can utilize the back pressure, because the liquids

exchanging energies with each other are ,nyot in contact with each other.

{0047

The pressures of liquids whichr are supplied on the positions shown in FIG. 10 can
be boosted by utilizing the back pressures. The energy recovery apparatus 150 which is
described in FIG. 10 can be provided on respective positions “160-1” to “160-6” in FIG. 10,
and can supply the liquids by performing the energy exchanges. More specifically, the
energy recovery apparatus 150 is’pr’ovided on the respective positions as described below.

The position “160-1” shows an alternative or auxiliary feed pump for the high pressure

~ pump 14 which supplies the untfeated water to the first vessels 80. The position “160-2”

shows a feed pump Which supplies the untreaféd liquid to a pretreatment sYstem 162 which
can treat the unt’reated’ liquid at low pressure, for example,' by sand filtration, MF
(Micfoﬁltration) membranes, and UF (Ultrafiltration) membraﬁes. The position “160-3”
shows a feed pump which supplies waste water from a tank 164 fo the feed pump on the
position “160-2”, and which can be used at the pressure lower than that of the pretreatment

20-
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system 162, The posrtlon “160- 4” shows a feed pump whlch supphes the permeated
water from the second vessels 82 to the low pressure RO module 152. The position

“160-5” shows an auxiliary pump Whlch boosts the hlgh pressure pump 14. The position

 “160-6” shoWs a pump which boosts 'the primary conCentrated water discharged from the

10

15

f 20

. 25

ﬁrst vessel 80 and can be used to 1ncrease the recovery rate and the amount of water

fproductlon at the second vessel 82 Slnce the hqurds utrhze the back pressure from the

first vessel 80 to be boosted it is preferred that the hqu1ds are used at the low pressure

portion and used in the order of the positions descrlbed above.

(0048}

FIG. 11 is a schematlc dlagram of the reverse osmosrs treatment apparatus when a

~ turbine generator is s used as the energy recovery ‘apparatus 150 In FIG 11, the turbine

generator can generate power by utilizing the back pressure from the first vessel 80 to

~ rotate a turblne The operatlon power for the reverse osmosis treatment apparatus can be

decreased by usmg the power generated by the turbine generator for the power of the
reverse osmosis treatment apparatus.

{Reference Signs List}

{0049}

10, 110: rever’se osmosis treatment apparatus

12, 164: tank

k‘14: : hlgh pressure pump ,,

16: perrneated water ,

18: concentrated water :

20: desalination system

’22: ~ clement (reverse 0sSmosis membrane element)

28: RO membrane

; o -21*
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30:

32:

34:

36:

38, 40:
56
57, 60:

58:

62:
64:
66, 76:
68:
70:
72:
74:

80:

82:

84:

86:

88:

150:
152:
154:

162:

_ Client Ref. No. PM110058-PCT1-AUL

| outlet pipé

membrane unit
water collection pipe
through hole

spacer

'treatment watér yinl'ety'pyipe .

flow passage

first outlct pipe

first concentrated water outlet pipe

permeated Water flow control valve
measuring equipment

primary treyate'(xi water inlet pipey
secondary concentrated water outlet pipe
secondary ouflet pipe

concentrated water outlet valve

first vessel (first pressure vessel)
second vessel (second pressure vessel)
first module

second module

pipe ’

energy recovery apparatus

low pressure RO module

booster pump

pretreatment system
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CLAIMS

1. A reverse osmosis treatment apparatus, comprising
a first pressure vessel for a primary treatment of untreated water, and
a second pressure vessel for a secondary treatment of the water treated by the primary
treatment, wherein
a plurality of reverse osmosis membrane elements having a reverse osmosis membrane
are arranged in series along a water collection pipe through which permeated water flows, in the
first pressure vessel and the second pressure vessel, wherein
the first pressure vessel comprises
an untreated water inlet pipe which supplies the untreated water on one end
thereof,
a first concentrated water outlet pipe which discharges the water treated by the
primary treatment on the other end thereof,
a first outlet pipe which discharges permeated water, and
a permeated water flow control valve which is connected to the first outlet pipe
and regulates a pressure in the first pressure vessel, wherein
the number of the reverse osmosis membrane elements in the first pressure vessel is two
to three, and less than the number of the reverse osmosis membrane elements in the second
pressure vessel, wherein
the second pressure vessel comprises
a primarily treated water inlet pipe which introduces the water treated by the
primary treatment on one end thereof,
a second concentrated water outlet pipe which discharges the water treated by the
secondary treatment on the other end thereof, and
a second outlet pipe which discharges the permeated water, and wherein
an energy recovery apparatus is provided between the first outlet pipe and the permeated

water flow control valve.

2. The reverse osmosis treatment apparatus as set forth in claim 1, wherein the energy
recovery apparatus is a PX-type energy recovery apparatus or a DWEER-type energy recovery

apparatus.

3. The reverse osmosis treatment apparatus as set forth in claim 1, wherein the energy

recovery apparatus is a turbocharger-type energy recovery apparatus.

AH26(10536764_1):MSD
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4. The reverse osmosis treatment apparatus as set forth in claim 1, wherein the energy

recovery apparatus is a turbine generator.

5. A reverse osmosis treatment apparatus, comprising
a first pressure vessel for a primary treatment of untreated water,
a second pressure vessel for a secondary treatment of the water treated by the primary
treatment, and
a third pressure vessel having reverse osmosis membrane elements which are capable of
reverse osmosis treatment at low pressure, wherein
a reverse osmosis membrane element having a reverse osmosis membrane or the plurality
of reverse osmosis membrane elements are arranged in series along a water collection pipe in the
first pressure vessel and the second pressure vessel, wherein
the first pressure vessel comprises
an untreated water inlet pipe which supplies the untreated water on one end
thereof,
a first concentrated water outlet pipe which discharges the water treated by the
primary treatment on the other end thereof,
a first outlet pipe which discharges permeated water, and
a permeated water flow control valve which is connected to the first outlet pipe
and regulates a pressure in the first pressure vessel, wherein
the second pressure vessel comprises
a primarily treated water inlet pipe which introduces the water treated by the
primary treatment on one end thereof,
a second concentrated water outlet pipe which discharges the water treated by
the secondary treatment on the other end thereof, and
a second outlet pipe which discharges the permeated water, wherein
an energy recovery apparatus is provided between the first outlet pipe and the permeated
water flow control valve, wherein
the energy recovery apparatus converts a back pressure of the permeated water which is
discharged from the first pressure vessel, to the pressure applied to the permeated water which is
discharged from the second pressure vessel, and wherein
the permeated water having an increased pressure from the second pressure vessel is

treated in the third pressure vessel.
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2012355017 23 Nov 2015

25

6. The reverse osmosis treatment apparatus as set forth in claim 3, further comprising

a high pressure pump which supplies the untreated water to the first pressure vessel,
wherein

an energy which is recovered by the turbocharger-type energy recovery apparatus is used

as a supply means which supplies an untreated liquid to the high pressure pump.

7. The reverse osmosis treatment apparatus as set forth in claim 3, further comprising

a pretreatment system which performs a pretreatment for the untreated water which is
supplied to the first pressure vessel, wherein

the energy which is recovered by the turbocharger-type energy recovery apparatus is used

as a supply means which supplies the untreated liquid to the pretreatment system.

8. A reverse osmosis treatment method by using a reverse osmosis treatment apparatus,
comprising
a first pressure vessel for a primary treatment of untreated water, and
a second pressure vessel for a secondary treatment of the water treated by the primary
treatment, wherein
a reverse osmosis membrane element having a reverse osmosis membrane or the plurality
of reverse osmosis membrane elements are arranged in series along a water collection pipe in the
first pressure vessel and the second pressure vessel, wherein
the first pressure vessel comprises
an untreated water inlet pipe which supplies the untreated water on one end
thereof,
a first concentrated water outlet pipe which discharges the water treated by the
primary treatment on the other end thereof,
a first outlet pipe which discharges permeated water, and
a permeated water flow control valve which is connected to the first outlet pipe
and regulates a pressure in the first pressure vessel, wherein
the second pressure vessel comprises
a primarily treated water inlet pipe which introduces the water treated by the
primary treatment on one end thereof,
a second concentrated water outlet pipe which discharges the water treated by the
secondary treatment on the other end thereof, and
a second outlet pipe which discharges the permeated water, wherein

an energy recovery apparatus of a turbo charger type is provided between the first outlet
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pipe and the permeated water flow control valve, and wherein
the energy recovered by the energy recovery apparatus of the turbo charger type is used
in the following order:

(1) a supply means that supplies an untreated liquid to a high pressure pump which
supplies the untreated water to the first pressure vessel;

(2) a supply means that supplies the untreated liquid to a pretreatment system which
performs a pretreatment for the untreated water supplied to the first pressure vessel;
and

(3) a supply means that supplies the water treated by the first treatment in the first

pressure vessel to the second pressure vessel.

9. A reverse osmosis treatment apparatus, comprising
a first pressure vessel for a primary treatment of untreated water, and
a second pressure vessel for a secondary treatment of the water treated by the primary
treatment, wherein
a plurality of reverse osmosis membrane elements having a reverse osmosis membrane
are arranged in series along a water collection pipe through which permeated water flows, in the
first pressure vessel and the second pressure vessel, wherein
the first pressure vessel comprises
an untreated water inlet pipe which supplies the untreated water on one end
thereof,
a first concentrated water outlet pipe which discharges the water treated by the
primary treatment on the other end thereof, and
a first outlet pipe which discharges permeated water, wherein
the number of the reverse osmosis membrane elements in the first pressure vessel is two
to three, and less than the number of the reverse osmosis membrane elements in the second

pressure vessel, wherein

AH26(10536764_1):MSD
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the second pressure vessel comprises

a primarily treated water inlet pipe which introduces the water treated by the
primary treatment on one end thereof,

a second concentrated water outlet pipe which discharges the water treated by
the secondary treatment on the other end thereof, and

a second outlet pipe which discharges the permeated water, and wherein

an energy recovery apparatus is provided in the first outlet pipe.

Hitachi, Ltd.
Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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