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DESCRIPTION

WATER TREATMENT APPARATUS AND WATER TREATMENT MEPHO

TECHNICAL FIELD
[0001] The present invention relates to a water tre
apparatus and a water treatment method for treating

target water using an electrical double layer capac

BACKGROUND ART

[0002] Electric desalination technology using an
electrical double layer capacitor is technology of
and removing ions contained in treatment target wat
sea water or contaminated water using a Coulomb for
thereby desalinating the treatment target water. |
example of conventional electric desalination, an e
double layer capacitor having a flat-plate shape is
configured such that activated carbon layers mainly
from activated carbon having a high specific surfac
provided on both sides of a separator formed from a
electrically-insulating porous liquid-permeable she
collector electrodes are provided on the outer side
activated carbon layers, and holder plates are prov
the outer sides of the collector electrodes. Then,
liquid containing an ionic substance is passed thro

electrical double layer capacitor, application of D
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voltage to the collector electrodes and short-circu it or
reverse connection between both collector electrode s are
repeated alternately (see, for example, Patent Docu ment 1).

As another example, in an electrical double layer

capacitor for performing desalination, ozone is gen erated
from treatment water before desalination, and treat ment
target water is sterilized by the ozone, thereby pr eventing
generation of biofilm on the surfaces of electrodes , and the
polarities of the electrodes are changed alternatel y during
operation, thereby decomposing and dissolving biofi Im and/or
scale that has been already generated on the surfac es of the
electrodes and thus removing the biofilm and/or sca le (see,

for example, Patent Document 2).

CITATION LIST

PATENT DOCUMENT

[0003] Patent Document 1: Japanese Patent No. 33024 43
Patent Document 2: Japanese Laid-Open Patent

Publication No. 2009-190016

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0004] However, merely alternately repeating applic ation
and short-circuit/reverse connection between both c ollector

electrodes as in Patent Document 1 cannot prevent r eduction
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in desalination efficiency due to biofilm or scale

the surfaces of the electrodes while desalination i
performed. In addition, performing only sterilizat
ozone and alternate change of the polarities of the
electrodes as in Patent Document 2 can remove biofi
scale to a certain extent, but cannot remove biofil
scale strongly adhered or fixed to the surfaces of
electrodes, and there is a possibility that such bi
and/or scale remains on the surfaces of the electro
[0005] The present invention has been made to solve
above problems, and an object of the present invent
obtain a water treatment apparatus and a water trea
method that are capable of more reliably removing b

and/or scale adhered to the surfaces of electrodes.

SOLUTION TO THE PROBLEMS

[0006] A water treatment apparatus according to the
present invention includes: a first electrode and a
electrode stored in a water treatment unit and prov

to be separated from each other by a separator; a p
supply unit which applies voltage between the first

and the second electrode so that ions contained in
target water supplied from one side of the water tr

unit are adsorbed to the first electrode and the se

electrode, thereby performing desalination and gene
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desalinated water; and a washing water supply pump
causes washing water to flow from the other side of
treatment unit to the one side of the water treatme
thereby washing the first electrode and the second
wherein the first electrode and the second electrod

include a plurality of flowable granular electrode

EFFECT OF THE INVENTION

[0007] In the present invention, the first electrod
the second electrode for adsorbing and removing ion
contained in treatment target water each include a
of flowable granular electrode members, and thus it
possible to further reliably remove biofilm and/or

adhered to the surfaces of the electrodes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] [FIG. 1] FIG. 1 is a configuration diagram

water treatment apparatus according to embodiment 1

present invention.

[FIG. 2] FIG. 2 is a flowchart showing a water

treatment method according to embodiment 1 of the p

invention.

[FIG. 3] FIG. 3 shows other examples of a water

treatment unit according to embodiment 1.

[FIG. 4] FIG. 4 is a configuration diagram of a
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water treatment apparatus according to embodiment 2
present invention.

[FIG. 5] FIG. 5 is a flowchart illustrating a
reverse washing step in a water treatment method ac
embodiment 2 of the present invention.

[FIG. 6] FIG. 6 is a configuration diagram of a
water treatment apparatus according to embodiment 3
present invention.

[FIG. 7] FIG. 7 is a configuration diagram of a
water treatment apparatus according to embodiment 4
present invention.

[FIG. 8] FIG. 8 is a configuration diagram of a
water treatment apparatus according to embodiment 5
present invention.

[FIG. 9] FIG. 9 is a configuration diagram of a
water treatment apparatus according to embodiment 6
present invention.

[FIG. 10] FIG. 10 is a configuration diagram of a
water treatment apparatus according to embodiment 7
present invention.

[FIG. 11] FIG. 11 is a configuration diagram of a
water treatment apparatus according to embodiment 8
present invention.

[FIG. 12] FIG. 12 is a configuration diagram of a

water treatment apparatus according to embodiment 9
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present invention.

[FIG. 13] FIG. 13 is a perspective view showing a

water treatment unit according to embodiment 16 of

present invention.

[FIG. 14] FIG. 14 is a top view showing the water

treatment unit according to embodiment 16 of the pr

invention.

[FIG. 15] FIG. 15 is a sectional view along P-P

line in FIG. 14.

[FIG. 16] FIG. 16 is a sectional view along Q-Q

line in FIG. 14.

[FIG. 17] FIG. 17 is a perspective view showing a

water treatment unit according to embodiment 17 of

present invention.

DESCRIPTION OF EMBODIMENTS

[0009] Hereinafter, with reference to the accompany
drawings, embodiments of a water treatment apparatu
water treatment method disclosed in the present app

will be described in detail. It is noted that the
embodiments shown below are merely examples and the
invention is not limited to these embodiments. It

that, hereinafter, “treatment target water” refers

water that has not undergone desalination yet, and

“desalinated water” refers to treatment target wate

the

esent

the

ing
sand a

lication

present

is noted

to raw

r that has



10

15

20

25

been desalinated.

Embodiment 1

FIG. 1 is a configuration diagram of a water

treatment apparatus according to embodiment 1 of th
invention. A water treatment apparatus 100 include
treatment unit 1 having an inlet port 1a through wh
treatment target water flows in, an outlet port 1b
which desalinated water flows out, and a washing wa
port 1c through which washing water or additive con
washing water flows in at the time of reverse washi
water treatment unit 1 being configured to perform
desalination for the treatment target water; a raw

2 which is connected to the water treatment unit 1
treatment target water measurement unit 11, a treat
target water supply valve 5, and then a treatment t
water supply pump 3, and which stores treatment tar
a treated water tank 15 which is connected to the w
treatment unit 1 via a desalinated water measuremen
and then a desalinated water sending valve 7 and wh
treatment target water that has been desalinated by
treatment unit 1; and a reverse washing water tank

is connected to the water treatment unit 1 via the
desalinated water measurement unit 12 and then a de
water sending valve 8 and which stores washing wate

reverse washing. In the water treatment unit 1, th
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port 1a is provided on one side of the water treatm
and the outlet port 1b and the washing water inlet

are provided on the other side of the water treatme
[0010] The reverse washing water tank 17 is connect
the water treatment unit 1 also through a route pas
washing water supply pump 4 for supplying washing w
the water treatment unit 1 at the time of reverse w
washing water supply valve 9, and then a washing wa
measurement unit 13. The reverse washing water tan
washing water supply pump 4, and the washing water
valve 9 are configured to be capable of supplying w
water to the water treatment unit 1 in a direction

to the flow direction of the treatment target water
embodiment 1, a combination of the reverse washing
17, the washing water supply pump 4, and the washin
supply valve 9 serves as a “supply unit”.

[0011] Washing water supplied to the water treatmen
1 can be drained from the water treatment unit 1 vi
treatment target water measurement unit 11 and then
valve 6. The reverse washing water tank 17 is conn
an additive storage tank 16 via an additive supply

and then an additive supply pump 37. The reverse w
water tank 17 is provided with a stirrer 36 for sti

mixing an additive and washing water when the addit

supplied. Washing water in the reverse washing wat

entunit 1,
port 1c
nt unit 1.
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can be drained via the drain valve 29. In embodime
combination of the additive storage tank 16, the ad
supply pump 37, and the additive supply valve 10 se
“additive supply unit”. The additive stored in the
storage tank 16 contains a substance such as an oxi
agent, an acid, or an alkali having a property of d
biofilm and/or scale.

[0012] In the water treatment unit 1, a pair of col
28a, 28b connected to a power supply unit 20 are pr
both ends, and between the collectors 28a, 28b, a f
granular electrode member 18, i.e., a first electro
second granular electrode member 19, i.e., a second
are provided so as to be opposed to each other and
from each other by a separator 21. The first granu
electrode member 18 and the second granular electro
19 each include a plurality of granular electrode m
The first granular electrode members 18 or the seco
granular electrode members 19 are in contact with e

but the first granular electrode member 18 and the

granular electrode member 19 are prevented from com

contact with each other, by the separator 21.

[0013] The pair of collectors 28a, 28b are provided

passing electricity throughout the first granular e

member 18 and the second granular electrode member

time of charging, and collecting electricity from t
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granular electrode member 18 and the second granula
electrode member 19 at the time of discharging, and
of collectors 28a, 28b are in contact with the firs
electrode member 18 and the second granular electro
19, respectively. The pair of collectors 28a, 28b

from a good electric conductor such as a graphite s
graphite plate, GRAFOIL (registered trademark), a t
plate, a stainless plate, or a copper plate.

[0014] The first granular electrode member 18 and t
second granular electrode member 19 serve to adsorb
the treatment target water when voltage is applied.
Therefore, the first granular electrode member 18 a
second granular electrode member 19 are made from a
carbon, porous carbon, porous conductive beads, por
or the like having a great conductivity and a great
surface area and having a great capacitance as a ca
The granular electrode members included in the firs
electrode member 18 and the second granular electro
19 in the present embodiment are not made into a sh
or the like, and are provided in the water treatmen

in a state in which the granules are not fixed to e

That is, the first granular electrode member 18 and
second granular electrode member 19 are each config
include a plurality of flowable granular electrode

[0015] The separator 21 is provided for preventing
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circuit between the first granular electrode member

the second granular electrode member 19, and is mad
filter paper, a porous film, nonwoven fabric, a foa
material, or the like through which a liquid easily

and which has an electric insulation property.

[0016] As the treatment target water measurement un
the desalinated water measurement unit 12, and the
water measurement unit 13 connected to the water tr
unit 1, for example, an electric conductivity meter

like that is capable of measuring the electric cond

or electric resistance of a liquid and capable of o

a result of the measurement as a signal, is used.
[0017] The treatment target water supply pump 3, th
washing water supply pump 4, the additive supply pu
treatment target water measurement unit 11, the des
water measurement unit 12, the washing water measur
13, the treatment target water supply valve 5, the
valves 6, 29, the desalinated water sending valves
washing water supply valve 9, the additive supply v
and the power supply unit 20 are connected to a con
14, and are controlled by the control unit 14 durin
execution of each processing step. As the control
programmable logic controller (PLC), a sequencer, a
control device, or the like for operating a device

accordance with a specified condition, is used.
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[0018] Next, operation will be described. In the w
treatment method according to the present embodimen
cycle of desalination of treatment target water in
treatment unit 1 and washing of the water treatment
repeated, desalination of the treatment target wate
sequentially performed, and as described later, was
the water treatment unit 1 includes two washing met
reverse washing and addition reverse washing.

FIG. 2 is a flowchart showing the water treatment
method according to embodiment 1. After the water
apparatus 100 is activated, a “desalination step” i
in which treatment target water is desalinated usin
water treatment unit 1, and the desalinated water i
into the reverse washing water tank 17 and the trea
tank 15 (step ST1). After the desalination step is
“washing method execution control” is performed for
determining whether to execute a “reverse washing s
performing reverse washing in which the water treat
1 is washed by injecting washing water into the wat
treatment unit 1 in the direction opposite to the t
target water flow-in direction, or an “addition rev
washing step” of washing the water treatment unit 1
injecting additive containing washing water or an a
into the water treatment unit 1 in the direction op

the treatment target water flow-in direction (step

ater
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a result of the washing method execution control in
if the reverse washing step is determined to be exe
process proceeds to step ST3, and if the addition r
washing step is determined to be executed, the proc
proceeds to step ST4.

After washing of the water treatment unit 1 in the
reverse washing step (step ST3) or washing of the w
treatment unit 1 in the addition reverse washing st
ST4) is finished, the process returns to step ST1 t
the desalination step. Thereafter, the same cycle
repeated. Hereinafter, the “desalination step”, th
washing step”, the “addition reverse washing step”,
“washing method execution control” will be describe
detail.
[0019] <Desalination step>

In the desalination step, first, the treatment
target water supply valve 5 is opened, and the drai
is closed. Next, the treatment target water supply
activated to send treatment target water in the raw
tank 2 so as to be supplied to the water treatment
The treatment target water is supplied through the
inlet port 1a of the water treatment unit 1 into th
treatment unit 1, and then flows downward. In addi
voltage is applied to the pair of collectors 28a, 2

power supply unit 20. As described above, the pair
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collectors 28a, 28b are in contact with the first g
electrode member 18 and the second granular electro
19, and therefore DC voltage is applied also betwee
first granular electrode member 18 and the second g
electrode member 19, and the first granular electro
18 and the second granular electrode member 19 are
by a Coulomb force so as to be in contact with the
collectors 28a, 28b, respectively, whereby the elec
connected state is maintained. In this way, during

of the desalination step, the state in which DC vol
applied to the first granular electrode member 18 a
second granular electrode member 19 is maintained,
contained in the treatment target water flowing in
treatment unit 1 are adsorbed and removed by a Coul
to the first granular electrode member 18 and the s
granular electrode member 19, whereby the treatment
water is desalinated. The desalinated treatment ta

is discharged as desalinated water through the lowe

port 1b of the water treatment unit 1.

[0020] While the desalination is being performed as

described above, until a prescribed amount of the w
stored in the reverse washing water tank 17, the de
water sending valve 7 is closed and the desalinated
sending valve 8 is opened so that the treatment tar

that has undergone the desalination is sent and sto
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the reverse washing water tank 17. The desalinated
stored in the reverse washing water tank 17 is used
washing water in the reverse washing step or the ad
reverse washing step. When the prescribed amount o
water is stored in the reverse washing water tank 1
desalinated water sending valve 8 is closed and the
desalinated water sending valve 7 is opened so that
treatment target water that has undergone the desal
sent to the treated water tank 15. After a predete
time has elapsed since the start of the desalinatio
the treatment target water supply pump 3 is stopped
treatment target water supply valve 5 and the desal
water sending valve 7 are closed. In addition, app
of DC voltage by the power supply unit 20 is stoppe
the desalination step is finished. In the desalina

of the present embodiment, the inlet port 1a and th
port 1b are provided so that treatment target water
downward in the water treatment unit 1. However, t
port 1a and the outlet port 1b may be provided so t
treatment target water flows upward or in the horiz
direction in the water treatment unit 1.

[0021] The time period during which the desalinatio
is executed is 3 to 200 minutes, or desirably, 5 to
minutes. If the time period is shorter than 3 minu

frequency of switching between desalination and was
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increases and thus efficiency in the entire cycle i
On the other hand, if the time period is longer tha
minutes, ions are adsorbed into a deep part of each
electrode member and the ions are less likely to be
As a result, a time period taken for washing is pro
Therefore, 5 to 50 minutes are desirable from the p
of the frequency of switching between desalination
washing and ease of desorption of the adsorbed ions
[0022] <Washing method execution control>

After the desalination step is finished, the
control unit 14 executes execution control to deter
whether to execute the reverse washing step or the
reverse washing step, using an ion removal rate in
treatment unit 1 as a determination index. Here, t
removal rate” is a value obtained by dividing the d
between the electric conductivity of treatment targ
and the electric conductivity of desalinated water
electric conductivity of the treatment target water
converting the result into percentage, and thus ind
height of desalination efficiency in the water trea
1.

First, the control unit 14 acquires the electric
conductivity of the treatment target water and the
conductivity of the desalinated water from the trea

target water measurement unit 11 and the desalinate
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measurement unit 12, to calculate the present ion r
rate in the water treatment unit 1, and stores the
removal rate into a storage unit (not shown). Next
control unit 14 reads, from the storage unit (not s
greater one (hereinafter, referred to as “reference
removal rate”) of the ion removal rate at the time
first-time desalination step is finished after the
treatment apparatus 100 has been activated, and the
removal rate at the time when the first-time desali
step is finished after the previous addition revers
step has been executed, and compares the reference
removal rate with the present ion removal rate. If
present ion removal rate is smaller than 0.5 to 1.0
desirably, smaller than 0.7 to 0.9 times the refere
removal rate, the ion removal rate has been reduced
biofilm and/or scale, and therefore the control uni
determines to execute the addition reverse washing
the present ion removal rate is equal to or greater
times the reference ion removal rate, or desirably,
or greater than 0.9 times the reference ion removal
ion removal rate in the water treatment unit 1 has
reduced or has been slightly reduced and thus it is
necessary to execute the addition reverse washing.
the control unit 14 determines to execute the rever

step. If the present ion removal rate is smaller t

emoval
ion
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times the reference ion removal rate, or desirably,
than 0.7 times the reference ion removal rate, the
removal rate has been significantly reduced and the
control unit 14 determines that it is difficult to

the ion removal rate by the addition reverse washin
In such a case, for example, the control unit 14 ca
display unit (not shown) to display an alarm indica
notification that it is necessary to replace the fi
granular electrode member 18 and the second granula
electrode member 19, thereby prompting a user to re
first granular electrode member 18 and the second g
electrode member 19.

[0023] <Reverse washing step>

In the reverse washing step, first, in a state in

which the drain valve 6 and the washing water suppl
are opened and the treatment target water supply va
closed, the washing water supply pump 4 is activate
inject the washing water in the reverse washing wat
into the water treatment unit 1 in a direction from
washing water inlet port 1c to the upper inlet port
water treatment unit 1, i.e., the direction opposit

flow of the treatment target water. The washing wa
injected into the water treatment unit 1 flows upwa
flows out through the inlet port 1a to the upper si

water treatment unit 1, and thereafter, is drained
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the drain valve 6.

[0024] In the reverse washing step, DC voltage is n
applied to the pair of collectors 28a, 28b. Theref

first granular electrode member 18 and the second g
electrode member 19 are not attracted to the pair o
collectors 28a, 28b by a Coulomb force, and the res
granular electrode members are able to flow. In ad
since DC voltage is not applied to the first granul
electrode member 18 and the second granular electro
19, the first granular electrode member 18 and the
granular electrode member 19 do not adsorb ions in
washing water and therefore scale is not newly gene
addition, a phenomenon in which microorganisms and
in the washing water are attracted to newly generat
does not occur.

[0025] Biofilm and/or scale that has been already a
to the surfaces of the first granular electrode mem

the second granular electrode member are removed by
force acting on the surfaces of the granular electr
members owing to the flow of the washing water. In
cases, biofilm and/or scale is strongly adhered or

the surfaces of the granular electrode members, and
be difficult to remove the biofilm and/or scale mer
washing water flowing on the surfaces of the granul

electrode members. However, as described above, th
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granular electrode member 18 and the second granula
electrode member 19 in the present embodiment are p
the water treatment unit 1 such that the granules a
fixed to each other. Therefore, by the flow of the
water, the first granular electrode member 18 and t
granular electrode member 19 also flow. Thus, as t
water flows, contact or collision occurs between th
electrode members, whereby biofilm, scale, and the
are strongly adhered or fixed to the surfaces of th
electrode members can be removed by being torn off

physical force.

[0026] During execution of the reverse washing step

electric conductivity of the washing water before i

into the water treatment unit 1 is measured by the
water measurement unit 13 and the electric conducti
the washing water after passing through the water t
unit 1 is measured by the treatment target water me
unit 11, and then a result of the measurement by th
treatment target water measurement unit 11 is compa
result of the measurement by the washing water meas
unit 13. In the case where the result of measureme
treatment target water measurement unit 11 is 1 to

or desirably, 1 to 1.2 times the result of measurem
washing water measurement unit 13, it is considered

washing has been sufficiently performed, and theref
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washing water supply pump 4 is stopped and the wash
supply valve 9 is closed, to finish the reverse was

In the case where the result of measurement by the
target water measurement unit 11 is greater than 1.
the result of measurement by the washing water meas
unit 13, biofilm and/or scale still remains in the
treatment unit 1 and the washing is insufficient, a
therefore the reverse washing step is continued. |

that, in the reverse washing step, since DC voltage
applied to the pair of collectors 28a, 28b and the
granular electrode member 18 and the second granula
electrode member 19 by the power supply unit 20, a

in which ions contained in the washing water inject

the water treatment unit 1 are adsorbed and removed
first granular electrode member 18 and the second g
electrode member 19 and the electric conductivity o
washing water is reduced, does not occur. Therefor
result of measurement by the treatment target water
measurement unit 11 does not become smaller than 1
result of measurement by the washing water measurem

13.

[0027] As described above, the washing water used i

reverse washing step is water obtained by storing t
desalinated water generated in the desalination ste

the reverse washing water tank 17. Therefore, in t
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where the amount of necessary washing water is larg
prescribed amount of desalinated water to be stored
reverse washing water tank 17 also increases, and t
desalinated water stored into the treated water tan
decreases, leading to reduction in the recovery rat
desalinated water. On the other hand, if each elec
member expands and the surface area thereof increas
contact area thereof with the washing water increas
contact and collision between the electrode members
more likely to occur. Therefore, from the perspect
effective physical washing, it is desirable that a
degree of expansion occurs. Accordingly, from the
perspective of balance between the recovery rate fo
treated water and effective physical washing, the e
rate of the first granular electrode member 18 and
granular electrode member 19 in the reverse washing
set to 0 to 200%, or desirably, 20 to 50%. Here, t
“expansion rate” indicates the percentage by which
of the first granular electrode member 18 and the s
granular electrode member 19 in the washing step ha
increased as compared to the volume at the time of
desalination step. When expansion does not occur,
the volume does not differ from the volume at the t
desalination step, the expansion rate is 0%. The e

rate is determined by the flow rate of the washing
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therefore it is possible to set the expansion rate toa
desired value by the control unit 14 controlling th e flow
rate of the washing water.

[0028] <Addition reverse washing step>

In the addition reverse washing step, first, the

additive supply valve 10 is opened and the additive supply
pump 37 is activated to add a predetermined amount of
additive to the washing water in the reverse washin g water
tank 17 from the additive storage tank 16. Next, t he stirrer
36 stirs and mixes the additive and the washing wat erto
generate additive containing washing water. In the case
where the additive is hydrogen peroxide, the additi ve is
added to the reverse washing water tank 17 so that the
hydrogen peroxide concentration in the reverse wash ing water
tank 17 becomes 0.0001 to 5%, or desirably, 0.001 t 0 1%. If
the hydrogen peroxide concentration in the reverse washing
water tank 17 is smaller than 0.0001%, the hydrogen peroxide

concentration is too low so that, when the additive

containing washing water is injected into the water treatment
unit 1, the hydrogen peroxide is consumed before be ing
distributed over the entirety of the first granular electrode
member 18 and the second granular electrode member 19, and
therefore the washing effect is small. On the othe r hand, if
the hydrogen peroxide concentration is greater than 5%,

foaming by reaction with the first granular electro de member
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18 and the second granular electrode member 19 occu

vigorously, so that bubbles remain in pores of the
carbon. The bubbles remaining in pores of the acti
carbon hampers ion adsorption in the desalination s
deteriorating efficiency of the desalination.

[0029] Next, in a state in which the drain valve 6
washing water supply valve 9 are opened and the tre
target water supply valve 5 is closed, the washing
supply pump 4 is activated to inject the additive ¢
washing water in the reverse washing water tank 17
water treatment unit 1 in a direction from the lowe
water inlet port 1c to the upper inlet port 1a of t
treatment unit 1, i.e., the direction opposite to t

the treatment target water. The additive containin
water injected into the water treatment unit 1 flow

and flows out through the inlet port 1a to the uppe
the water treatment unit 1, and thereatfter, is drai
through the drain valve 6.

[0030] Also in the addition reverse washing step, a
the case of the reverse washing step, biofilm and/o
that has been already adhered to the surfaces of th
granular electrode member 18 and the second granula
electrode member 19 is removed by a shear force act
surfaces of the granular electrode members owing to

of the additive containing washing water. In addit

rs
activated
vated

tep, thus

and the
atment
water
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regarding the first granular electrode member 18 an
second granular electrode member 19 in the present
by the flow of the additive containing washing wate
first granular electrode member 18 and the second g
electrode member 19 also flow. Therefore, the addi
containing washing water spreads over the entirety
first granular electrode member 18 and the second g
electrode member 19, and thus biofilm, scale, and t
adhered to the surfaces of the granular electrode m
be uniformly removed.

[0031] In the addition reverse washing step, the fl
of the additive containing washing water is control
control unit 14 so that the expansion rate of the f
granular electrode member 18 and the second granula
electrode member 19 is 10 to 200%, or desirably, 10
If the expansion rate is greater than 200%, the amo
necessary washing water becomes too large, and the
amount of desalinated water to be stored into the r
washing water tank 17 in the desalination step incr

a result, the desalinated water stored into the tre
tank 15 decreases, leading to reduction in the reco
for the desalinated water. It is noted that, in th
washing step, a value of 0 to 10% is also possible
expansion rate, but in the addition reverse washing

the case where the expansion rate is smaller than 1
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expansion of the first granular electrode member 18
second granular electrode member 19 is small and th
physical washing of the surfaces of the granular el
members cannot be performed effectively.

[0032] After the additive containing washing water
amount of which is 2 to 10 times, or desirably, 3t

the volume of the first granular electrode member 1
second granular electrode member 19 is injected int
water treatment unit 1, the washing water supply pu
stopped and the washing water supply valve 9 is clo
the amount of the additive containing washing water
into the water treatment unit 1 is smaller than 2 t
volume of the first granular electrode member 18 an
second granular electrode member 19, the additive i
sufficiently distributed to the surfaces of the gra
electrode members and therefore biofilm and/or scal

to the surfaces of the granular electrode members i

completely decomposed and removed. On the other ha

amount of the additive containing washing water inj
the water treatment unit 1 is larger than 10 times

of the first granular electrode member 18 and the s
granular electrode member 19, the prescribed amount
desalinated water to be stored into the reverse was
tank 17 in the desalination step increases. As ar

desalinated water stored into the treated water tan

and the
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decreases, leading to reduction in the recovery rat
desalinated water.

[0033] Next, in a state in which the desalinated wa
sending valve 7 is closed, the treatment target wat
valve 5, the desalinated water sending valve 8, and
valve 29 are opened, and the treatment target water
pump 3 is activated to send the treatment target wa
the raw water tank 2 to the water treatment unit 1,

the additive containing washing water remaining in
treatment unit 1 is caused to flow out and is drain

the reverse washing water tank 17 through the drain
After the flowing-out of the additive containing wa
water is finished, the treatment target water suppl

is stopped, and the treatment target water supply v
the drain valve 29 are closed, to finish the additi
washing step. The amount of treatment target water
causing the additive containing washing water to fl
from the water treatment unit 1 is 1 to 10 times, o
desirably, 2 to 5 times the volume of the first gra
electrode member 18 and the second granular electro
19. If the amount of treatment target water used f

the additive containing washing water to flow out i
than 1 times the volume of the first granular elect
member 18 and the second granular electrode member

impossible to cause the entire additive containing

e for the

ter
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water to flow out from the water treatment unit 1.
other hand, if the amount of treatment target water
than 10 times the volume of the first granular elec
member 18 and the second granular electrode member
amount of treatment target water used for causing t
additive containing washing water to flow out incre
that the recovery rate for the desalinated water is
In addition, a time period required for causing the
containing washing water to flow out is prolonged a
time period taken for the addition reverse washing
also prolonged, whereby efficiency of the entire cy
reduced.

It is noted that, in the case where, in light of
the property of the desalinated water, there is no
effect even if the additive remains in the water tr
unit 1, the operation of causing the additive conta
washing water to flow out from the water treatment
be omitted.

[0034] In FIG. 1, an example in which the inlet por
provided on one side of the water treatment unit 1,
outlet port 1b and the washing water inlet port 1c
provided on the other side of the water treatment u
been shown. However, the water treatment unit 1 ma
configured as shown in other examples in FIG. 3. |

example shown in FIG. 3(a), the inlet port 1a and t
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water inlet port 1c are provided on one side of the
treatment unit 1, and the outlet port 1b and a wash
outlet port 1d are provided on the other side of th
treatment unit 1. A second washing water measureme
131 for measuring the electric conductivity or the
washing water having flowed through the water treat
1, is provided to a pipe connected to the washing w
outlet port 1d. After the electric conductivity is

by the second washing water measurement unit 131, t
water is discharged to outside of the system. In t

in FIG. 3(a), in the reverse washing step and the a
reverse washing step, whether or not washing has be
sufficiently performed is determined through compar
between a result of measurement by the washing wate
measurement unit 13 and a result of measurement by
washing water measurement unit 131.

[0035] In the example in FIG. 3(a), the flow direct
the washing water in the reverse washing step and t
direction of the additive containing washing water
addition reverse washing step are the same as the f
direction of the treatment target water in the desa
step. In the case where the flow direction of the

water and the flow direction of the additive contai
washing water are opposite to the flow direction of

treatment target water, as described above, the exp

water

ing water
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rate of the first granular electrode member 18 and
granular electrode member 19 in the addition revers
step needs to be equal to or greater than 10%. How
the case where the flow direction of the washing wa
the flow direction of the additive containing washi

are the same as the flow direction of the treatment
water, the expansion rate of the first granular ele
member 18 and the second granular electrode member
addition reverse washing step may be 0%. Thus, the
advantage that the amounts of washing water and add
containing washing water needed for washing are dec
As shown in the example in FIG. 3(b), the washing w
outlet port 1d may be connected to the treatment ta
measurement unit 11, whereby the second washing wat
measurement unit 131 may be omitted. Although not
washing water outlet port 1d may be connected to th
desalinated water measurement unit 12, and also in
the second washing water measurement unit 131 may b
[0036] As shown in the examples in FIG. 3(c) and FI
the washing water inlet port 1¢ and the washing wat
port 1d may be provided to the collector 28a and th
collector 28b. Also in this case, as shown in the

FIG. 3(c), the second washing water measurement uni
be provided to a pipe connected to the washing wate

port 1d, or as shown in the example in FIG. 3(d), t

the second

e washing
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water outlet port 1d may be connected to the treatm
water measurement unit 11, whereby the second washi
measurement unit 131 may be omitted. Although not
washing water outlet port 1d may be connected to th
desalinated water measurement unit 12, and also in

the second washing water measurement unit 131 may b
Also in the example in FIG. 3(d), the expansion rat

first granular electrode member 18 and the second g
electrode member 19 in the addition reverse washing
be 0%.

The configurations of the water treatment units
shown in FIG. 3(a) to FIG. 3(d) are applicable also
embodiment 2 and the subsequent embodiments.
[0037] <Specific examples>

Hereinafter, the present invention will be further
described using examples. In the examples, water o
filtering urban sewage water having electric conduc
2 mS/cm and DOC of 10 mg/L was used as treatment ta
Granular activated carbon was used as the first gra
electrode member 18 and the second granular electro
19, and the amount of the activated carbon is 10 L.
speed of the treatment target water in the desalina
was 0.1 m/min, and the flow speeds of the washing w
the reverse washing step and the additive containin

water in the addition reverse washing step were 0.5

ent target
ng water
shown, the
e

this case,
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hydrogen peroxide solution was used as the additive , and the
hydrogen peroxide concentration in the additive con taining
washing water was 1%.

<Example 1>

Under the above condition of the treatment target

water, the activated carbon amount, and the flow sp eed, the
desalination step and the reverse washing step were executed
for eight cycles. In example 1, the addition rever se washing
step was not executed. As a result of inspection i n example

1, the following table 1 was obtained.

[Table 1]

First Second | Third Fourth Fifth Sixth Seventh Eighth
Cycle time time time time time time time time

lon removal rate (%)
when desalination step
was finished 70 66 61 60 58 56 53 52

Reduction width (%) of
ion removal rate from
when first-time - 4 9 10 12 14 1y 18
desalination step was
finished

<Example 2>

Under the above condition of the treatment target

water, the activated carbon amount, and the flow sp eed, the
desalination step and the reverse washing step or t he
addition reverse washing step were executed for eig ht cycles.
A condition for executing the addition reverse wash ing step
was as follows. In the case where the ion removal rate at
the time when the desalination step was finished ha d been
reduced by 5% or more as compared to the ion remova | rate at

the time when the first-time desalination step was finished
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after the water treatment apparatus 100 was activat ed or the
ion removal rate at the time when the first-time de salination
step was finished after the previous addition rever se washing
step was executed, the addition reverse washing ste p was
executed after the desalination step. In the case where the
above condition was not satisfied, the reverse wash ing step
was executed. On the basis of the above condition for
executing the addition reverse washing step, in exa mple 2,
the addition reverse washing step was executed afte r the
desalination step was finished for the third time a nd the
sixth time. As a result of inspection in example 2 , the
following table 2 was obtained.
[Table 2]
First Second | Third Fourth Fifth Sixth Seventh Eighth
Cycle time time time time time time time time
lon removal rate (%) when
desalination step was
finished 0 6 61 68 65 | 60 67 63
Reduction width (%) of
ion removal rate from
when first-time
desalination step was
finished or when first- - 4 9 - 8 - 4
time desalination step
was finished after
addition reverse washing
step
Whether or not addition
reverse washing step was No No Yes No No es No No
performed
<Comparative example 1>
Under the above condition of the treatment target
water, the activated carbon amount, and the flow sp eed, the
desalination step was executed for eight cycles, an d the
reverse washing step and the addition reverse washi ng step
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were not executed. As a result of inspection in co mparative
example 1, the following table 3 was obtained.
[Table 3]
Cvcle First Second | Third Fourth Fifth Sixth Seventh Eighth
Y time time time time time time time time
lon removal rate (%)
when desalination step 70 66 61 55 19 4 38 35
was finished

Reduction width (%) of

ion removal rate from

when first-time - 4 9 15 21 6 3R 35
desalination step was

finished

The above results of examples 1, 2 and comparative

example 1 are collectively shown in Table 4. As sh own in
table 4, in example 1 and comparative example 1, th eion
removal rate is reduced as the number of times of e xecution
increases, but in comparison between example 1 and

comparative example 1, the ion removal rate is shar ply
reduced in the fourth and subsequent cycles in comp arative
example 1, whereas the ion removal rate is maintain ed at high
level even in the fourth and subsequent cycles in e xample 1.
Thus, it is found that biofilm and/or scale which i s adhered
to the electrode members and hampers desalination i s removed
through execution of the reverse washing step of th e present
embodiment, whereby reduction in the ion removal ra teis
suppressed and thus the ion removal rate can be mai ntained at
high level. In addition, in example 2, the ion rem oval rate
is restored at regular intervals. Thus, it is foun d that
biofilm and/or scale that is more strongly adhered to the
electrode members and cannot be fully removed by on ly the
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reverse washing step can be uniformly removed throu gh
execution of the addition reverse washing step, whe reby the
ion removal rate can be stably maintained at furthe r high
level.
[Table 4]
Cyce ot | oo | e | ome | ame | e | Soee | e
lon removal rate (%) in 70 | 66 |61 |60 58 52
example 1
lon remo";l ;ﬁfglg/;) in 70 | e6 |61 |68 55 63
P U N IR O R o
[0038] In embodiment 1, since the plurality of gran ular
electrodes included in the first granular electrode member
and the second granular electrode member are each f lowable in
the reverse washing step and the addition reverse w ashing
step, washing of the granular electrode members is performed
while each granular electrode member is caused to f low by the
washing water or the additive containing washing wa ter
flowing therethrough. Thus, it is possible to more reliably
remove biofilm, scale, and the like strongly adhere d or fixed
to the electrode surfaces of the granular electrode members,
and uniformly wash the entire electrode members.
[0039] In addition, by performing reverse washing u sing
additive containing washing water in which an addit ive having
a property of decomposing biofilm and/or scale is ¢ ontained
in washing water, it is possible to more reliably r emove
biofilm and/or scale that cannot be fully removed b y only the

reverse washing step.
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[0040] In addition, the control unit compares the p
ion removal rate with a reference ion removal rate

the greater one of the ion removal rate at the time
first-time desalination step is finished and the io

rate at the time when the first-time desalination s
finished after the previous addition reverse washin
been executed. Then, in the case where the present
removal rate is smaller than 0.5 to 1.0 times the r

ion removal rate, the control unit performs control
execute reverse washing using washing water to whic
additive is added. Thus, it becomes possible to ef
and effectively execute washing and desalination, w
desalination can be performed stably and continuous
[0041] In addition, since desalinated water is used
washing water, it is not necessary to introduce was
from outside or provide equipment for washing water
the equipment can be simplified and the drain amoun
washing water can be reduced, and also, the amount
contaminated water can be reduced.

[0042] Embodiment 2

Hereinafter, embodiment 2 of the present invention

will be described on the basis of FIG. 4 and FIG. 5
that are the same as or correspond to those in FIG.
denoted by the same reference characters, and the d

thereof is omitted. Embodiment 2 is different from

resent
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when the
n removal
tepis
g step has
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eference
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embodiment 1 in that washing water or additive cont
washing water is allowed to circulate. FIG. 4 is a
configuration diagram of a water treatment apparatu
according to embodiment 2 of the present invention.
treatment apparatus 200 includes: the water treatme
which performs desalination for treatment target wa
raw water tank 2 which is connected to the water tr
unit 1 via the treatment target water measurement u
three-way valve 22, and then the treatment target w
supply pump 3, and which stores treatment target wa
treated water tank 15 which is connected to the wat
treatment unit 1 via the desalinated water measurem
12 and then the desalinated water sending valve 7 a
stores treatment target water that has been desalin
the water treatment unit 1; and the reverse washing
tank 17 which is connected to the water treatment u
the desalinated water measurement unit 12 and then
way valve 24 and which stores washing water for rev
washing. Washing water supplied to the water treat
1 can be drained from the water treatment unit 1 vi
treatment target water measurement unit 11 and then
way valve 23, and also, can circulate via the treat
target water measurement unit 11, the three-way val

three-way valve 23, the three-way valve 24, the was

supply pump 4, and then the washing water measureme

aining
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In circulation of washing water, the washing water
pump 4 serves as a circulation pump. The three-way
the three-way valve 23, and the three-way valve 24
connected to the control unit 14, and are controlle

control unit 14 during execution of each step.

The other configurations are the same as in

embodiment 1 and therefore the description thereof

[0043] Next, operation will be described. The oper

is the same as in embodiment 1 in that desalination
treatment target water is sequentially performed wh
cycle of desalination of treatment target water in
treatment unit 1 and washing of the water treatment
repeated. Hereinafter, the “desalination step”, th
washing step”, and the “addition reverse washing st
be described in detail. The “washing method execut
control” is the same as in embodiment 1 and therefo
description thereof is omitted.

[0044] <Desalination step>

In the desalination step, first, the three-way

valve 22 is opened in a direction from the raw wate
to the water treatment unit 1, and the three-way va
closed. Next, the treatment target water supply pu
activated to send the treatment target water in the
tank 2 so as to be supplied to the water treatment

The treatment target water is supplied through the

supply
valve 22,
are

d by the

is omitted.
ation
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ilea

the water
unit 1 is

e “reverse
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inlet port 1a of the water treatment unit 1 into th
treatment unit 1, and then flows downward. In addi
voltage is applied to the first granular electrode

and the second granular electrode member 19 via the
collectors 28a, 28b by the power supply unit 20, an
contained in the treatment target water are adsorbe
removed by a Coulomb force to the first granular el
member 18 and the second granular electrode member

whereby the treatment target water is desalinated.

The other matters are the same as in embodiment 1.

[0045] <Reverse washing step>

In the reverse washing step, first, in a state in
which the three-way valve 24 is opened in a directi
the reverse washing water tank 17 to the washing wa
pump 4, the washing water measurement unit 13, and
treatment unit 1, and the three-way valve 22 is ope
direction from the water treatment unit 1 to the th
valve 23, the washing water supply pump 4 is activa
inject washing water in the reverse washing water t
into the water treatment unit 1 in a direction from
washing water inlet port 1c to the upper inlet port
water treatment unit 1, i.e., the direction opposit
flow of the treatment target water. At this time,

predetermined amount of the washing water is stored

water treatment unit 1, the three-way valve 23 is 0
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pair of
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direction from the three-way valve 22 to the drain
that the washing water flowing out from the inlet p

drained.

After the predetermined amount of washing water is

stored in the water treatment unit 1, the three-way

is opened in a direction from the three-way valve 2
three-way valve 24, and the three-way valve 24 is o
direction from the three-way valve 23 to the washin
measurement unit 13 and the water treatment unit 1.
circulation path for the washing water is formed, a
washing water circulates by a driving force from th
water supply pump 4.

[0046] Washing of the water treatment unit 1 by
circulation of the washing water is performed as fo

FIG. 5 is a flowchart illustrating the reverse wash

in the water treatment method according to embodime

shows a processing flow after circulation of washin

started.

While the washing water is circulated, the electri

conductivity of the washing water before injection
water treatment unit 1 is measured by the washing w
measurement unit 13 and the electric conductivity o

washing water after passing through the water treat

1 is measured by the treatment target water measure

11, and then a result of the measurement by the tre

side so
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target water measurement unit 11 is compared with a
the measurement by the washing water measurement un
the time of injection of the washing water. As a r
the comparison, if the result of the measurement by
treatment target water measurement unit 11 exceeds
predetermined multiple in a range of 1 to 5 times,
desirably, 1 to 3 times with respect to the result
measurement by the washing water measurement unit 1
process proceeds to step ST03, and on the other han
condition is not satisfied, the process proceeds to
to continue the circulation (step STO01).
If the condition is not satisfied in step STO1,

that is, if the result of the measurement by the tr
target water measurement unit 11 does not exceed th
predetermined multiple of the result of the measure
the washing water measurement unit 13, the washing
circulated as it is, to continue the reverse washin
STO02).

If the condition is satisfied in step STO1, that i
if the result of the measurement by the treatment t
water measurement unit 11 is greater than the prede
multiple of the result of the measurement by the wa
water measurement unit 13 at the time of injection
washing water, the three-way valve 23 is switched t

opened in a direction from the three-way valve 22 t
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drain side, to drain the circulating washing water

ST03).

When voltage or current is not applied, the first

granular electrode member 18 and the second granula
electrode member 19 do not adsorb ions. Therefore,
STO01, the result of the measurement by the treatmen
water measurement unit 11 does not become smaller t
times the result of the measurement by the washing
measurement unit 13. On the other hand, if the res
measurement by the treatment target water measureme
is greater than 5 times the result of the measureme
washing water measurement unit 13, the ion concentr
the washing water is close to saturation, so that t
adsorbed to the first granular electrode member 18
second granular electrode member 19 are less likely
desorbed into the washing water and thus it is cons
that washing efficiency has been reduced. If such
water is circulated, the first granular electrode m

the second granular electrode member 19, and the se
might be contaminated again by pollution in the was
[0047] If the reverse washing in which the washing
is circulated has been executed a predetermined num
times in a range of 1 to 10 times, or desirably, 1
washing of the water treatment unit 1 by circulatio

washing water is finished and the process proceeds
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STO05, and on the other hand, if this condition is n
satisfied, the process returns to step ST02 to cont
reverse washing by circulation (step ST04). Itis
regarding the number of times of the reverse washin
washing water is circulated, operation from the sta
circulation of the washing water to draining in ste
counted as one time. In addition, the predetermine
in step STO1 may be set per number of times in step

If the condition is satisfied in step ST04, the
three-way valve 23 is kept being opened in a direct
the three-way valve 22 to the drain side and the th
valve 24 is switched to be opened in a direction fr
reverse washing water tank 17 to the washing water
measurement unit 13 and the water treatment unit 1,
inject the washing water in the reverse washing wat
into the water treatment unit 1 (step ST05). Itis
that, if the number of times of the washing by circ
step STO04 is larger than 10, the amount of necessar
water becomes too large, leading to reduction in th
rate for the desalinated water.
[0048] While the washing water is being injected in
water treatment unit 1, the electric conductivity o
washing water before injection into the water treat
1 is measured by the washing water measurement unit

the electric conductivity of the washing water afte
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through the water treatment unit 1 is measured by t
treatment target water measurement unit 11, and the
of the measurement by the treatment target water me
unit 11 is compared with the result of the measurem
washing water measurement unit 13. As a result of
comparison, if the result of the measurement by the
target water measurement unit 11 is 1 to 1.5 times,
desirably, 1 to 1.2 times the result of the measure

the washing water measurement unit 13, it is consid
the washing has been sufficiently performed, and th
washing water supply pump 4 is stopped and the wash
supply valve 9 is closed, whereby the reverse washi
finished. If this condition is not satisfied, the
proceeds to step STO7 (step ST06).

If the condition in step STO6 is not satisfied,
that is, if the result of the measurement by the tr
target water measurement unit 11 is greater than 1.
the result of the measurement by the washing water
measurement unit 13, biofilm and/or scale still rem
the water treatment unit 1 and thus the washing is
insufficient. Therefore, the washing water is inje
the water treatment unit 1 to continue the reverse
step (step STO7), and then the process returns to s
whereby the injection of the washing water is conti

the condition is satisfied.
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[0049] In the reverse washing step in embodiment 2,
flow rate of the washing water is controlled by the

unit 14 so that the expansion rate of the first gra
electrode member 18 and the second granular electro
19 is 0 to 200%, or desirably, 0 to 100%. As in em

if the expansion rate of the first granular electro

18 and the second granular electrode member 19 is g
than 200%, the amount of necessary washing water be
large, leading to reduction in the recovery rate fo
desalinated water. It is noted that, in embodiment
certain degree of expansion is desirable from the p

of effective physical washing, but in embodiment 2,
efficiency of physical washing is ensured by circul
washing water, and therefore the first granular ele
member 18 and the second granular electrode member

be expanded.

The other matters are the same as in embodiment 1.

[0050] <Addition reverse washing step>

In the addition reverse washing step, as in
embodiment 1, first, the additive supply valve 10 i
and the additive supply pump 37 is activated to add
predetermined amount of additive to the washing wat
reverse washing water tank 17 from the additive sto
16. Next, the stirrer 36 stirs and mixes the addit

the washing water to generate additive containing w
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water. In the case where the additive is hydrogen
the additive is added to the reverse washing water
that the hydrogen peroxide concentration in the rev
washing water tank 17 becomes 0.0001 to 5%, or desi
0.001 to 1%. Next, in a state in which the three-w
24 is opened in a direction from the reverse washin
tank 17 to the washing water measurement unit 13 an
water treatment unit 1, and the three-way valve 22
in a direction from the water treatment unit 1 to t
way valve 23, the washing water supply pump 4 is ac
inject the additive containing washing water in the
washing water tank 17 into the water treatment unit
direction from the lower washing water inlet port 1
upper inlet port 1a of the water treatment unit 1,
direction opposite to the flow of the treatment tar
At this time, until a predetermined amount of the a
containing washing water is stored in the water tre
unit 1, the three-way valve 23 is opened in a direc
the three-way valve 22 to the drain side so that th
containing washing water flowing out from the inlet
is drained.

After the predetermined amount of additive
containing washing water is stored in the water tre
unit 1, the three-way valve 23 is opened in a direc

the three-way valve 22 to the three-way valve 24, a

peroxide,
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three-way valve 24 is opened in a direction from th

way valve 23 to the washing water measurement unit
water treatment unit 1. Thus, a circulation path f
additive containing washing water is formed, and th
containing washing water circulates by a driving fo

the washing water supply pump 4.

[0051] In washing of the water treatment unit 1 by
circulation of the additive containing washing wate

the case of the reverse washing step described abov
the additive containing washing water is circulated
electric conductivity of the additive containing wa

water before injection into the water treatment uni
measured by the washing water measurement unit 13 a
electric conductivity of the additive containing wa

water after passing through the water treatment uni
measured by the treatment target water measurement
and then a result of the measurement by the treatme
water measurement unit 11 is compared with a result
measurement by the washing water measurement unit 1
time of injection of the additive containing washin

As a result of the comparison, if the result of the
measurement by the treatment target water measureme
exceeds a predetermined multiple in a range of 1 to

or desirably, 1 to 3 times with respect to the resu

measurement by the washing water measurement unit 1
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three-way valve 23 is switched to be opened in a di
from the three-way valve 22 to the drain side, to d
circulating additive containing washing water. If

of the measurement by the treatment target water me
unit 11 does not exceed the predetermined multiple
result of the measurement by the washing water meas
unit 13, the additive containing washing water is c

as it is, to continue the washing.

[0052] After the additive containing washing water
amount of which is 2 to 10 times, or desirably, 3 t

the volume of the first granular electrode member 1
second granular electrode member 19 is injected int
water treatment unit 1, the washing water supply pu
stopped and the three-way valve 24 is closed. Ther

in embodiment 1, the operation of causing the addit
containing washing water to flow out from the water
unit 1 is executed, and thus the addition reverse w
step is finished.

[0053] In embodiment 2, the same effects as in embo
1 can be obtained.

[0054] In addition, since the washing water in the
washing step and the additive containing washing wa
addition reverse washing step can be used to be cir
the washing water can be efficiently used and the a

water needed for washing is decreased, whereby the
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rate for the desalinated water can be increased.

[0055] Embodiment 3

Hereinafter, embodiment 3 of the present invention

will be described with reference to FIG. 6. Parts

the same as or correspond to those in FIG. 4 are de
the same reference characters, and the description
omitted. Embodiment 3 is different from embodiment
plural types of additives are provided. FIG. 6 is
configuration diagram of a water treatment apparatu
according to embodiment 3 of the present invention.
water treatment apparatus 300, as in embodiment 2,
treatment unit 1 is connected to the treated water
via the desalinated water measurement unit 12 and t
desalinated water sending valve 7. On the other ha
embodiment 2, the water treatment unit 1 is not con
the reverse washing water tank 17 via the desalinat
measurement unit 12 and then the desalinated water
valve 8. The water treatment unit 1 is connected t
reverse washing water tank 17 via the treated water
which is connected to the reverse washing water tan
desalinated water sending pump 26 and then the desa
water sending valve 8. The water treatment unit 1

of drainage via a drain valve 30.

[0056] The reverse washing water tank 17 is connect

three additive storage tanks 16a, 16b, 16c via the

that are
noted by
thereof is
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supply pump 37 and a four-way valve 25. The additi
tanks 16a, 16b, 16c store different types of additi
(hereinafter, referred to as additive A, additive B

C). The four-way valve 25 allows the reverse washi
tank 17 to be connected to one of the three additiv
tanks 16a, 16b, 16¢ in accordance with an additive
The additive supply pump 37 and the four-way valve
connected to the control unit 14, and are controlle

control unit 14 during execution of each processing

The other configurations are the same as in

embodiment 2 and therefore the description thereof
[0057] Next, operation will be described. The oper
is the same as in embodiment 2 in that desalination
treatment target water is sequentially performed wh
cycle of desalination of treatment target water in
treatment unit 1 and washing of the water treatment
repeated. In addition, the “reverse washing step”
“washing method execution control” in embodiment 3
same as in embodiment 2 and therefore the descripti
is omitted. The “desalination step” and the “addit

reverse washing step” will be described in detail.

In the addition reverse washing step, reverse

washing by washing water in which the additive A, B
in each additive storage tank 16a, 16b, 16c¢ is adde

defined as first reverse washing, second reverse wa

ve storage
ves
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ng water
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to be used.
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third reverse washing, respectively, and the case o
performing the addition reverse washing step in ord
first reverse washing, the second reverse washing,
the third reverse washing will be described.
[0058] <Desalination step>

In the desalination step, as in embodiment 2, firs
the three-way valve 22 is opened in a direction fro
water tank 2 to the water treatment unit 1, and the
valve 23 is closed. Also, the desalinated water se
valve 7 is opened. Next, the treatment target wate
pump 3 is activated to send the treatment target wa
raw water tank 2 so as to be supplied to the water
unit 1. The treatment target water is supplied thr
upper inlet port 1a of the water treatment unit 1 i
water treatment unit 1, and then flows downward. |
DC voltage is applied to the first granular electro
18 and the second granular electrode member 19 via
of collectors 28a, 28b by the power supply unit 20,
ions contained in the treatment target water are ad
removed by a Coulomb force to the first granular el
member 18 and the second granular electrode member
thus the treatment target water is desalinated. Th
desalinated treatment target water is discharged as
desalinated water through the lower outlet port 1b

water treatment unit 1 and flows through the desali

f
er of the

and then

m the raw
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water measurement unit 12 and the desalinated water
valve 7 to the treated water tank 15. When a prede
amount of the desalinated water has been supplied t
treated water tank 15, the desalinated water sendin

is opened and the desalinated water sending pump 26
activated to send the desalinated water from the tr
water tank 15 to the reverse washing water tank 17

amount thereof reaches a prescribed amount.

The other matters are the same as in embodiment 1.

[0059] <Addition reverse washing step>

In the first reverse washing, first, the four-way

valve 25 is opened in a direction from the additive
tank 16a to the reverse washing water tank 17 and t
additive supply pump 37 is activated to add a prede
amount of additive A to the washing water in the re
washing water tank 17 from the additive storage tan
Next, the stirrer 36 stirs and mixes the additive A
washing water to generate additive-A containing was
Next, in a state in which the three-way valve 24 is

a direction from the reverse washing water tank 17
washing water measurement unit 13 and the water tre
unit 1, and the three-way valve 22 is opened in a d
from the water treatment unit 1 to the three-way va
the washing water supply pump 4 is activated to inj

additive-A containing washing water in the reverse
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water tank 17 into the water treatment unit 1 in a
from the lower washing water inlet port 1c to the u
port 1a of the water treatment unit 1, i.e., the di
opposite to the flow of the treatment target water.
time, until a predetermined amount of the washing w
stored in the water treatment unit 1, the three-way

is opened in a direction from the three-way valve 2
drain side so that the washing water flowing out fr

inlet port 1a is drained.

After the predetermined amount of additive-A

containing washing water is stored in the water tre
unit 1, the three-way valve 23 is opened in a direc
the three-way valve 22 to the three-way valve 24, a
three-way valve 24 is opened in a direction from th
way valve 23 to the washing water measurement unit
water treatment unit 1. Thus, a circulation path f
additive-A containing washing water is formed, and
additive containing washing water is circulated by
force from the washing water supply pump 4. Washin
water treatment unit 1 by the additive-A containing
water is the same as the reverse washing in the add
reverse washing step in embodiment 2.

[0060] After the first reverse washing is finished,
drain valve 29 is opened so that the additive-A con

washing water is drained from the reverse washing w

direction
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17. After the additive-A containing washing water
the desalinated water sending valve 8 is opened and
desalinated water sending pump 26 is activated to s
desalinated water from the treated water tank 15 to
reverse washing water tank 17. When a predetermine
of the desalinated water has been sent to the rever
water tank 17, the desalinated water sending pump 2
stopped and the desalinated water sending valve 8 i
The four-way valve 25 is opened in a direction fro
the additive storage tank 16b to the reverse washin
tank 17, and the additive supply pump 37 is activat
a predetermined amount of additive B to the washing
the reverse washing water tank 17 from the additive
tank 16b. Next, the stirrer 36 stirs and mixes the
B and the washing water to generate additive-B cont
washing water. Thereafter, the second reverse wash
additive-B containing washing water is executed in
manner as in case of the first reverse washing. Af
second reverse washing is finished, similarly, the
is switched from the additive B to the additive C a
third reverse washing is executed.
[0061] After the third reverse washing is finished,
washing water supply pump 4 is stopped, the desalin
sending valve 7 is closed, and the drain valve 30 i

The three-way valve 22 is opened in a direction fro
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the

end the
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d amount
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water tank 2 to the water treatment unit 1, and the
target water supply pump 3 is activated to send the
target water to the water treatment unit 1, so that
additive-C containing washing water remaining in th
treatment unit 1 is caused to flow out and is drain
the drain valve 30. After the flowing-out of the a
containing washing water is finished, the treatment
water supply pump 3 is stopped, and the treatment t
water supply valve 5 and the drain valve 30 are clo
finish the addition reverse washing step. The amou
treatment target water to be used for causing the a
containing washing water to flow out from the water

unit 1 is the same as that in embodiment 1.

It is noted that, in the case where, in light of

the property of the desalinated water, there is no
effect even if the additive C remains in the water

unit 1, the operation of causing the additive-C con
washing water to flow out may be omitted.

[0062] Regarding the respective additives, the addi
used for the first reverse washing is an oxidizing
having a property of removing biofilm, and the addi
used for the second reverse washing is an acid for
scale such as calcium carbonate which ionizes under
condition. In addition, the additive C used for th

reverse washing is an alkali for removing scale suc

treatment
treatment
the
e water
ed through
dditive-C
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arget
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silica which ionizes under basic condition. Desira
preferable to use hydrogen peroxide, ozone, hypochl
or the like as the oxidizing agent, and use sulfuri
hydrochloric acid, or the like as the acid. In add

is preferable to use sodium hydroxide, sodium carbo
sodium sesquicarbonate, sodium bicarbonate, or the
the alkali.

[0063] In embodiment 3, the same effects as in embo
2 can be obtained.

[0064] In addition, a plurality of additive storage
storing different types of additives are provided,
removed by the first reverse washing using the oxid
agent, scale such as calcium carbonate which ionize
acidic condition is removed by the second reverse w
using the acid, and scale such as silica which ioni
basic condition is removed by the third reverse was
the alkali. In this way, the reverse washing is ex
using the washing waters to which different additiv
added, whereby biofilm and/or scale accumulated in
treatment unit 1 can be removed efficiently and eff

[0065] Embodiment 4

Hereinafter, embodiment 4 of the present invention

will be described with reference to FIG. 7. Parts
the same as or correspond to those in FIG. 4 are de

the same reference characters, and the description
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omitted. Embodiment 4 is different from embodiment
an additive is directly injected into the water tre

unit 1. FIG. 7 is a configuration diagram of a wat
treatment apparatus according to embodiment 4 of th
invention. In a water treatment apparatus 400, the

treatment unit 1 is connected to the treated water

via the washing water supply pump 4, the washing wa

measurement unit 13, and the four-way valve 25. Th
treatment unit 1 is capable of drainage via the dra
30. The water treatment apparatus 400 does not inc
reverse washing water tank 17, and also, does not i

stirrer 36 and the drain valve 29.

[0066] The treated water tank 15 is connected to an

additive generation unit 27 via the desalinated wat
valve 8 and the desalinated water sending pump 26.
additive generation unit 27 is for generating an ad
injecting the additive into the water treatment uni
corresponds to the additive supply unit in embodime
additive generation unit 27 is connected to an addi
injection port 1e of the water treatment unit 1 via
additive measurement unit 31 for measuring the addi
concentration and the additive supply valve 10. Th
generation unit 27 and the additive measurement uni
connected to the control unit 14, and are controlle

control unit 14 during execution of each processing
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the additive generation unit 27, an electrolyzer or

that generates hypochlorous acid, hypochlorite, 0zo
hydrogen peroxide through electrolysis of desalinat
e.g., an ozonizer for generating ozone from the air
gas supplied from outside, is used. Alternatively,
exchange resin, ion-exchange membrane, or the like
used as the additive generation unit 27. In this ¢
possible to generate an acid or alkali from desalin
Although not shown, the additive generation unit 27
connected to the raw water tank 2, whereby an addit
generated from the treatment target water.

[0067] The four-way valve 25 is connected also to t
desalinated water measurement unit 12 and the three
23 as well as the washing water measurement unit 13
treated water tank 15, so that the desalinated wate
out from the water treatment unit 1 can circulate v
desalinated water measurement unit 12, the four-way
the three-way valve 23, the three-way valve 22, and
treatment target water measurement unit 11.

The other configurations are the same as in
embodiment 2 and therefore the description thereof
[0068] Next, operation will be described. The oper
is the same as in embodiment 1 in that desalination
treatment target water is sequentially performed wh

cycle of desalination of treatment target water in

the like
ne, or
ed water,
or oxygen
ion-
may be
ase, itis
ated water.
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treatment unit 1 and washing of the water treatment
repeated. Hereinafter, the “desalination step”, th
washing step”, and the “addition reverse washing st
be described in detail. The “washing method execut
control” is the same as in embodiment 1 and therefo
description thereof is omitted.

[0069] <Desalination step>

In the desalination step, first, the three-way

valve 22 is opened in a direction from the raw wate

to the water treatment unit 1, and the three-way va
closed. In addition, the four-way valve 25 is open
direction from the desalinated water measurement un
the treated water tank 15. Next, the treatment tar
supply pump 3 is activated to send the treatment ta

in the raw water tank 2 so as to be supplied to the
treatment unit 1. The treatment target water is su
through the upper inlet port 1a of the water treatm
into the water treatment unit 1, and then flows dow
addition, DC voltage is applied to the first granul
electrode member 18 and the second granular electro
19 via the pair of collectors 28a, 28b by the power
unit 20, whereby ions contained in the treatment ta
are adsorbed and removed by a Coulomb force to the
granular electrode member 18 and the second granula

electrode member 19, and thus the treatment target

unit1is
e “reverse
ep” will
ion

re the
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desalinated. The desalinated treatment target wate
discharged as desalinated water through the lower o
1b of the water treatment unit 1 and flows through
desalinated water measurement unit 12 and the four-

25 to the treated water tank 15.

The other matters are the same as in embodiment 2.

[0070] <Reverse washing step>

In the reverse washing step, first, in a state in
which the four-way valve 25 is opened in a directio
treated water tank 15 to the washing water measurem
13 and the water treatment unit 1, and the three-wa
is opened in a direction from the water treatment u
the three-way valve 23, the washing water supply pu
activated to inject, as washing water, the desalina
in the treated water tank 15 into the water treatme
in a direction from the lower washing water inlet p
the upper inlet port 1a of the water treatment unit
the direction opposite to the flow of the treatment
water. At this time, until a predetermined amount
washing water is stored in the water treatment unit
three-way valve 23 is opened in a direction from th
way valve 22 to the drain side so that the washing
flowing out from the inlet port 1a is drained.

After the predetermined amount of desalinated wate

as washing water is stored in the water treatment u
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three-way valve 23 is opened in a direction from th
way valve 22 to the four-way valve 25, and the four

25 is opened in a direction from the three-way valv

the washing water measurement unit 13 and the water
unit 1. Thus, a circulation path for the desalinat

as the washing water is formed, and the desalinated
circulates by a driving force from the washing wate
pump 4.

[0071] While the desalinated water as washing water
circulated, the electric conductivity of the desali

water before injection into the water treatment uni
measured by the washing water measurement unit 13 a
electric conductivity of the desalinated water afte
through the water treatment unit 1 is measured by t
treatment target water measurement unit 11, and the
of measurement by the treatment target water measur
11 is compared with a result of measurement by the
water measurement unit 13. As a result of comparis
result of the measurement by the treatment target w
measurement unit 11 is 0 to 5 times, or desirably,
times the result of the measurement by the washing
measurement unit 13, the three-way valve 23 is swit
opened in a direction from the three-way valve 22 t
drain side, to drain the circulating desalinated wa

After the reverse washing in which the desalinated
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circulated has been executed 1 to 10 times, or desi
to 5 times, the four-way valve 25 is opened in a di
from the treated water tank 15 to the washing water
measurement unit 13 and the water treatment unit 1,
the reverse washing by circulation is finished.

[0072] After the reverse washing by circulation is
finished, while the desalinated water as washing wa
being injected into the water treatment unit 1 from
treated water tank 15, the electric conductivity of
desalinated water before injection into the water t
unit 1 is measured by the washing water measurement
and the electric conductivity of the desalinated wa
passing through the water treatment unit 1 is measu
treatment target water measurement unit 11, and the
of the measurement by the treatment target water me
unit 11 is compared with a result of the measuremen
washing water measurement unit 13. As a result of
comparison, if the result of the measurement by the
target water measurement unit 11 is 1 to 1.5 times,
desirably, 1 to 1.2 times the result of the measure
the washing water measurement unit 13, it is consid
the washing has been sufficiently performed, and th
washing water supply pump 4 is stopped and the wash
supply valve 9 is closed, whereby the reverse washi

finished. If this condition is not satisfied, that

rably, 1
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the result of the measurement by the treatment targ
measurement unit 11 is greater than 1.5 times the r
the measurement by the washing water measurement un
is considered that biofilm and/or scale still remai
water treatment unit 1 and thus the washing is insu
Therefore, the desalinated water is injected into t
treatment unit 1 and the reverse washing step is co
until the condition is satisfied.

The other matters are the same as in embodiment 2.
[0073] <Addition reverse washing step>

In the addition reverse washing step, first, in a
state in which the four-way valve 25 is opened in a
from the treated water tank 15 to the washing water
measurement unit 13 and the water treatment unit 1,
three-way valve 22 is opened in a direction from th
treatment unit 1 to the three-way valve 23, the was
supply pump 4 is activated to inject, as washing wa
desalinated water in the treated water tank 15 into
treatment unit 1 in a direction from the lower wash
inlet port 1c to the upper inlet port 1a of the wat
treatment unit 1, i.e., the direction opposite to t
the treatment target water. At this time, until a
predetermined amount of the washing water is stored
water treatment unit 1, the three-way valve 23 is 0
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that the washing water flowing out from the inlet p
drained.
After the predetermined amount of desalinated wate
as washing water is stored in the water treatment u
three-way valve 23 is opened in a direction from th
way valve 22 to the four-way valve 25, and the four
25 is opened in a direction from the three-way valv
the washing water measurement unit 13 and the water
unit 1. Thus, a circulation path for the desalinat
as the washing water is formed, and the desalinated
circulates by a driving force from the washing wate
pump 4.
[0074] While the desalinated water is circulated as
described above, the additive supply valve 10 is op
the additive generated by the additive generation u
injected through the additive injection port 1e int
water treatment unit 1. If the additive is used in
state, the desalinated water sending valve 8 is ope
the desalinated water sending pump 26 is activated
the desalinated water in the treated water tank 15
additive generation unit 27, whereby the additive i
by the desalinated water and the diluted additive i
into the water treatment unit 1.
It is noted that the water treatment apparatus 400

does not include the drain valve 29 and therefore,

ort lais

nit 1, the
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e23to
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the flowing-out of the additive containing washing
which is performed at the end of the addition rever
step, the additive containing washing water is drai

through the drain valve 30.

The other matters are the same as in embodiment 2.

[0075] In embodiment 4, the same effects as in embo

2 can be obtained.

[0076] In addition, since the additive is directly
injected into the water treatment unit from the add
generation unit, the reverse washing water tank for
additive with the washing water to generate additiv
containing washing water can be omitted. In additi
time period for generating the additive containing
water can be omitted and thus the time period of th
reverse washing step is shortened, whereby the desa
can be efficiently performed.

[0077] It is noted that, since, in embodiment 4, pl
types of additives can be generated by the additive
generation unit, it is possible to execute the addi
reverse washing step while switching the type of th
for the first washing, the second washing, and the
washing as in embodiment 3.

[0078] Embodiment 5

Hereinafter, embodiment 5 of the present invention

will be described with reference to FIG. 8. Parts
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the same as or correspond to those in FIG. 1 are de
the same reference characters, and the description
omitted. Embodiment 5 is different from embodiment
a plurality of water treatment units are provided a
connected in series. Hereinafter, one of the water
units is defined as an A-system, the other one is d

a B-system, and the components in the A-system are
adding “A” to the ends of their reference character
components in the B-system are denoted by adding “B
ends of their reference characters.

[0079] FIG. 1 is a configuration diagram of a water
treatment apparatus according to embodiment 5 of th
invention. A water treatment apparatus 500 include
treatment unit 1A and a water treatment unit 1B. T
treatment unit 1A has an inlet port 1aA through whi
treatment target water flows in, an outlet port 1bA
which desalinated water flows out, and a washing wa
port 1cA through which washing water or additive co
washing water flows in at the time of reverse washi
the water treatment unit 1A is connected via a trea
target water measurement unit 11A, the treatment ta
supply valve 5, and then the treatment target water
pump 3 to the raw water tank 2 for storing the trea
target water, and performs desalination for the tre

target water supplied from the raw water tank 2. T

noted by
thereof is
1in that
nd
treatment
efined as
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treatment unit 1B has an inlet port 1aB through whi
treatment target water flows in, an outlet port 1bB
which desalinated water flows out, and a washing wa
port 1cB through which washing water or additive co
washing water flows in at the time of reverse washi
the water treatment unit 1B is connected via a desa
water measurement unit 12A, a treatment target wate
valve 5B, and then a treatment target water measure
11B to the water treatment unit 1A, and performs fu
desalination for the treatment target water that ha
undergone desalination by the water treatment unit
water treatment unit 1B is connected via a desalina
measurement unit 12B and then the desalinated water
valve 7 to the treated water tank 15 for storing th
treatment target water that has undergone further
desalination by the water treatment unit 1B, and al
water treatment unit 1B is connected via the desali
water measurement unit 12B and then the desalinated
sending valve 8 to the reverse washing water tank 1
storing washing water for reverse washing.

[0080] The reverse washing water tank 17 is shared
water treatment unit 1A and the water treatment uni
reverse washing water tank 17 is connected to the w
treatment unit 1B also through a route passing a wa

water supply pump 4B for supplying washing water to
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treatment unit 1B at the time of reverse washing, a
water supply valve 9B, and then a washing water mea
unit 13B, and is connected to the water treatment u

a washing water supply pump 4A for supplying washin
the water treatment unit 1A, a washing water supply
and then a washing water measurement unit 13A.
[0081] Washing water supplied to the water treatmen
1A and washing water supplied to the water treatmen
can be drained via the treatment target water measu
unit 11A and the treatment target water measurement
and then the drain valve 6A and the drain valve 6B,
respectively, from the water treatment unit 1A and
treatment unit 1B. In addition, the reverse washin
tank 17 is connected to the additive storage tank 1
additive supply valve 10 and then the additive supp
and the reverse washing water tank 17 is provided w
stirrer 36 for stirring and mixing an additive and

water when the additive is supplied. Washing water
reverse washing water tank 17 can be drained via th
valve 29.

[0082] In the water treatment unit 1A, a pair of
collectors 28aA, 28bA connected to the power supply
are provided at both ends, and between the pair of
28aA, 28bA, a first granular electrode member 18A a

second granular electrode member 19A are provided s

washing

surement
nit 1A via
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opposed to each other and separated from each other
separator 21A. A plurality of the first granular e
members 18A and a plurality of the second granular
members 19A are provided. The first granular elect
members 18A or the second granular electrode member
in contact with each other, but the first granular
member 18A and the second granular electrode member
prevented from coming into contact with each other,
separator 21A.

Similarly, in the water treatment unit 1B, a pair
of collectors 28aB, 28bB connected to the power sup
20 are provided at both ends, and between the pair
collectors 28aB, 28bB, a first granular electrode m
and a second granular electrode member 19B are prov
to be opposed to each other and separated from each
a separator 21B. A plurality of the first granular
members 18B and a plurality of the second granular
members 19B are provided. The first granular elect
members 18B or the second granular electrode member
in contact with each other, but the first granular
member 18B and the second granular electrode member
prevented from coming into contact with each other,
separator 21B.

The materials and functions of the collectors 28aA

28bA, 28aB, 28bB, the first granular electrode memb
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18B, the second granular electrode members 19A, 19B
separators 21A, 21B are the same as those of the co
28a, 28b, the first granular electrode members 18,
granular electrode members 19, and the separator 21

in embodiment 1.

[0083] The treatment target water measurement unit
the treatment target water measurement unit 11B, th
desalinated water measurement unit 12A and the desa
water measurement unit 12B, and the washing water m
unit 13A and the washing water measurement unit 13B
are respectively connected to the water treatment u

the water treatment unit 1B, are the same as the tr
target water measurement unit 11, the desalinated w
measurement unit 12, and the washing water measurem

13 of embodiment 1.

The valves, the pumps, and the measurement units

are connected to the control unit 14 as in embodime
are controlled by the control unit 14 during execut

each processing step.

Although two water treatment units are provided in

embodiment 5, the number thereof is not limited the
three or more water treatment units may be provided
[0084] Next, operation will be described. The oper
is the same as in embodiment 1 in that desalination

treatment target water is sequentially performed wh
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cycle of desalination of treatment target water in
treatment unit 1A and the water treatment unit 1B a
of the water treatment unit 1A and the water treatm
1B is repeated. Hereinafter, the “desalination ste
“reverse washing step”, and the “addition reverse w
step” will be described in detail.
[0085] <Desalination step>

In the desalination step, first, the treatment
target water supply valve 5A and the treatment targ
supply valve 5B are opened, and the drain valve 6A
drain valve 6B are closed. Next, the treatment tar
supply pump 3 is activated to send the treatment ta
in the raw water tank 2 so as to be supplied to the
treatment unit 1A. The treatment target water is s
through the upper inlet port 1aA of the water treat
1A into the water treatment unit 1A, and then flows
In addition, DC voltage is applied to the first gra
electrode members 18A and the second granular elect
members 19A via the pair of collectors 28aA, 28bA b
power supply unit 20, and ions contained in the tre
target water are adsorbed and removed by a Coulomb
the first granular electrode members 18A and the se
granular electrode members 19A, whereby the treatme
water is desalinated. The desalinated treatment ta

is discharged as desalinated water through the lowe
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port 1bA of the water treatment unit 1A, and passes
the desalinated water measurement unit 12A, the tre
target water supply valve 5B, and then the treatmen
water measurement unit 11B so as to be supplied to
treatment unit 1B through the inlet port 1aB. Also
water treatment unit 1B, similarly, ions contained
treatment target water that has undergone desalinat
water treatment unit 1A are adsorbed and removed to
granular electrode members 18B and the second granu
electrode members 19B, whereby further desalination
performed. The treatment target water that has und
further desalination by the water treatment unit 1B
discharged through the lower outlet port 1bB of the
treatment unit 1B. Then, as in embodiment 1, the d
water is sent to the reverse washing water tank 17
prescribed amount of the water is stored, and after
prescribed amount is reached, the discharged water
the treated water tank 15. After a predetermined t
elapsed since the start of the desalination step, t
treatment target water supply pump 3 is stopped, an
treatment target water supply valve 5A, the treatme
water supply valve 5B, and the desalinated water se
valve 7 are closed. In addition, application of DC

by the power supply unit 20 is stopped, whereby the

desalination step is finished.
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The other matters are the same as in embodiment 1.

[0086] <Washing method execution control>

After the desalination step is finished, the
control unit 14 executes execution control to deter
whether to execute the reverse washing step or the
reverse washing step, using the ion removal rate in
treatment unit 1 as a determination index. Since t
treatment apparatus 500 of embodiment 5 includes tw
treatment units 1A and 1B, the washing method execu
control is performed for each of the water treatmen
and the water treatment unit 1B. The washing metho
execution control for each water treatment unit is
using the ion removal rate as a determination index
embodiment 1.

[0087] <Reverse washing step>

In the reverse washing step, first, in a state in

which the drain valve 6A and the washing water supp
9A are opened and the treatment target water supply
is closed, the washing water supply pump 4A is acti
inject the washing water in the reverse washing wat
into the water treatment unit 1A in a direction fro
lower washing water inlet port 1cA to the upper inl
1aA of the water treatment unit 1A, i.e., the direc
opposite to the flow of the treatment target water.
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washing water supply valve 9B are opened and the tr
target water supply valve 5B is closed, the washing
supply pump 4B is activated to inject the washing w
the reverse washing water tank 17 into the water tr
unit 1B in the direction opposite to the flow of th
treatment target water. The washing water injected
water treatment unit 1A flows upward in the drawing
out through the inlet port 1aA to the upper side of
treatment unit 1A, and thereafter, is drained throu
drain valve 6A. The washing water injected into th
treatment unit 1B flows upward in the drawing and f
through the inlet port 1aB to the upper side of the
treatment unit 1B, and thereafter, is drained throu
drain valve 6B.

[0088] During execution of the reverse washing step
embodiment 1, the electric conductivities of the wa
water before and after injection into the water tre

unit are measured and compared, whereby whether or
reverse washing step can be finished is determined.
embodiment 5, the determination is performed for ea
water treatment unit 1A and the water treatment uni
unless the reverse washing step is finished in both
system and the B-system, the process does not proce

desalination step.

The other matters are the same as in embodiment 1.
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Also in embodiment 5, as in embodiments 2 to 4, a

circulation path may be formed to execute reverse w
which washing water is circulated.

[0089] <Addition reverse washing step>

In the addition reverse washing step, first, the

additive supply valve 10 is opened and the additive
pump 37 is activated to add a predetermined amount
additive to the washing water in the reverse washin
tank 17 from the additive storage tank 16. Next, t

36 stirs and mixes the additive and the washing wat
generate additive containing washing water. Therea
the same manner as in the above reverse washing ste
additive containing washing water is injected into

the water treatment unit 1A and the water treatment
[0090] After the additive containing washing water
amount of which is 2 to 10 times, or desirably, 3 t

the volume of the first granular electrode members
the second granular electrode members 19A is inject
the water treatment unit 1A, the washing water supp
is stopped and the washing water supply valve 9A is
In addition, after the additive containing washing
amount of which is 2 to 10 times, or desirably, 3 t

the volume of the first granular electrode members
the second granular electrode members 19B is inject

the water treatment unit 1B, the washing water supp

ashing in
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is stopped and the washing water supply valve 9B is
After the washing water supply pump 4A and the
washing water supply pump 4B are stopped, in a stat
the desalinated water sending valve 7 is closed, th
treatment target water supply valve 5A, the treatme
water supply valve 5B, the desalinated water sendin
and the drain valve 29 are opened, and the treatmen
water supply pump 3 is activated to send the treatm
water from the raw water tank 2 to the water treatm
1A and then the water treatment unit 1B, thereby ca
additive containing washing water remaining in the
treatment unit 1A and the water treatment unit 1B t
and be drained from the reverse washing water tank
the drain valve 29. After the flowing-out of the a
containing washing water is finished, the treatment
water supply pump 3 is stopped and the treatment ta
supply valve 5A, the treatment target water supply
and the drain valve 29 are closed, whereby the addi

reverse washing step is finished.

The other matters are the same as in embodiment 1.

However, as in the reverse washing step, in embodim
determination is performed for each of the water tr
unit 1A and the water treatment unit 1B, and unless
addition reverse washing step is finished in both o

system and the B-system, the process does not proce
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desalination step.

Also in embodiment 5, as in embodiments 2 to 4, a

circulation path may be formed to execute reverse w

which additive containing washing water is circulat

[0091] In embodiment 5, the same effects as in embo

1 can be obtained.

[0092] In addition, since a plurality of water trea
units are connected in series, the treatment target

be desalinated to a further decreased ion concentra
[0093] In addition, since the reverse washing water
is shared among the plurality of water treatment un
reverse washing water tank is enough and the entire
can be made compact.

[0094] Embodiment 6

Hereinafter, embodiment 6 of the present invention

will be described with reference to FIG. 9. Parts

the same as or correspond to those in FIG. 7 are de
the same reference characters, and the description
omitted. Embodiment 6 is different from embodiment
additive injection ports 1e for injecting an additi
provided at a plurality of locations. FIG. 9 is a
configuration diagram of a water treatment apparatu
according to embodiment 6 of the present invention.
water treatment apparatus 600, a plurality of addit

injection ports 1e for injecting an additive from t
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additive generation unit 27 are provided at the low er part in
the drawing, of the water treatment unit 1. In add ition,
additive injection ports le are provided also to th e pair of

collectors 28a, 28b.
The other matters are the same as in embodiment 4,
and therefore the description thereof is omitted.
[0095] In embodiment 6, the same effects as in embo diment

4 can be obtained.

[0096] In addition, since the additive injection po rts are
provided at a plurality of locations of the water t reatment
unit, the additive is injected through the pluralit y of
locations, whereby the additive containing washing water
spreads faster over the entire granular electrode m embers,
and thus the granular electrode members can be wash ed within

a short time in the addition reverse washing step.
[0097] Embodiment 7

Hereinafter, embodiment 7 of the present invention

will be described with reference to FIG. 10. Parts that are
the same as or correspond to those in FIG. 1 are de noted by
the same reference characters, and the description thereof is
omitted. Embodiment 7 is different from embodiment 1in that
washing water and an additive can be mixed in a pip e
connecting the water treatment unit and the treated water
tank. FIG. 10 is a configuration diagram of a wate r

treatment apparatus according to embodiment 7 of th e present
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invention. In a water treatment apparatus 700, the
treatment unit 1 which performs desalination for tr
target water is connected to the treated water tank

the desalinated water sending valve 7 and then the
desalinated water measurement unit 12, and is conne
the treated water tank 15 also through a route pass
washing water supply valve 9, the washing water mea
unit 13, and the washing water supply pump 4. The
treatment unit 1 is capable of drainage via the dra

30.

[0098] The additive storage tank 16 is connected vi
additive supply pump 37 and then the additive suppl

to an additive injection portion 38 provided to a p
connecting the washing water measurement unit 13 an
washing water supply pump 4. The water treatment a
700 does not include the reverse washing water tank
also, does not include the desalinated water sendin

the stirrer 36, and the drain valve 29.

The other matters are the same as in embodiment 1,

and therefore the description thereof is omitted.
[0099] Next, operation will be described. The oper
is the same as in embodiment 1 in that desalination
treatment target water is sequentially performed wh
cycle of desalination of treatment target water in

treatment unit 1 and washing of the water treatment
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repeated. Hereinafter, the “desalination step”, th
washing step”, and the “addition reverse washing st
be described in detail. The “washing method execut
control” is the same as in embodiment 1, and theref
description thereof is omitted.
[0100] <Desalination step>

In the desalination step, first, the treatment
target water supply valve 5 is opened and the drain
is closed. In addition, the desalinated water send
7 is opened. Next, the treatment target water supp
is activated to send the treatment target water in
water tank 2 so as to be supplied to the water trea
1. The treatment target water is supplied through
inlet port 1a of the water treatment unit 1 into th
treatment unit 1, and then flows downward. In addi
voltage is applied to the first granular electrode
and the second granular electrode member 19 via the
collectors 28a, 28b by the power supply unit 20, an
contained in the treatment target water are adsorbe
removed by a Coulomb force to the first granular el
member 18 and the second granular electrode member
whereby the treatment target water is desalinated.
desalinated treatment target water is discharged as
desalinated water through the lower outlet port 1b

water treatment unit 1, and flows through the desal
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water sending valve 7 and the desalinated water mea surement
unit 12 to the treated water tank 15.

The other matters are the same as in embodiment 1.
[0101] <Reverse washing step>

In the reverse washing step, first, in a state in

which the drain valve 6 and the washing water suppl y valve 9
are opened and the treatment target water supply va lve 5 is
closed, the washing water supply pump 4 is activate dto
inject, as washing water, the desalinated water in the
treated water tank 15 into the water treatment unit lina
direction from the lower washing water inlet port 1 c to the
upper inlet port 1a of the water treatment unit 1, i.e., the
direction opposite to the flow of the treatment tar get water.

The other matters are the same as in embodiment 1.
[0102] <Addition reverse washing step>

In the addition reverse washing step, first, the

additive supply valve 10 is opened and the additive supply
pump 37 is activated to send the additive from the additive
storage tank 16 to the additive injection portion 3 8 and

inject the additive into the pipe connecting the wa shing
water measurement unit 13 and the washing water sup ply pump 4.
The desalinated water as the washing water flowing through

the pipe is mixed with the additive while flowing t o the

water treatment unit 1, whereby additive containing washing

water is generated. The generated additive contain ing
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washing water is injected into the water treatment

through the washing water inlet port 1c. Thereafte

additive containing washing water flows upward and

to the upper side of the water treatment unit 1 thr

inlet port 1a, and then is drained through the drai

It is noted that the water treatment apparatus 700

does not include the drain valve 29 and therefore,

the flowing-out of the additive containing washing

which is performed at the end of the addition rever

step, the additive containing washing water is drai

through the drain valve 30.

The other matters are the same as in embodiment 1.

[0103] In embodiment 7, the same effects as in embo
1 can be obtained.

[0104] In addition, since the additive is injected

the additive generation unit into the pipe connecti

water treatment unit and the treated water tank and
additive containing washing water is generated in t

the reverse washing water tank can be omitted and t
entire apparatus can be simplified.

In addition, since the additive is injected and
mixed only to the desalinated water flowing from th
water tank to the water treatment unit to generate
additive containing washing water, surplus additive

containing washing water as in the case of mixing t
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additive to the washing water stored in the reverse
water tank is not generated, and thus the generatio
of the additive containing washing water can be sup
the minimum necessary amount. As a result, the amo
desalinated water that can be recovered increases,
the recovery rate for desalinated water can be incr

[0105] Embodiment 8

Hereinafter, embodiment 8 of the present invention

will be described with reference to FIG. 11. Parts
the same as or correspond to those in FIG. 1 are de
the same reference characters, and the description
omitted. Embodiment 8 is different from embodiment
air is injected into the water treatment unit in th
washing step and the addition reverse washing step.
is a configuration diagram of a water treatment app
according to embodiment 8 of the present invention.
treatment apparatus 800 includes an air pump 39 for
air into the water treatment unit 1 from the lower

the water treatment unit 1. The air pump 39 is con
the control unit 14, and is controlled by the contr

during execution of each processing step.

The other matters are the same as in embodiment 1,

and therefore the description thereof is omitted.

[0106] Next, operation will be described. The oper

is the same as in embodiment 1 in that desalination
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treatment target water is sequentially performed wh
cycle of desalination of treatment target water in
treatment unit 1 and washing of the water treatment
repeated. Hereinafter, the “reverse washing step”
“addition reverse washing step” will be described i
The “desalination step” and the “washing method exe
control” are the same as in embodiment 1, and there
description thereof is omitted.

[0107] <Reverse washing step>

In the reverse washing step, first, in a state in

which the drain valve 6 and the washing water suppl
are opened and the treatment target water supply va
closed, the washing water supply pump 4 is activate
inject the washing water in the reverse washing wat
into the water treatment unit 1 in a direction from
washing water inlet port 1c to the upper inlet port
water treatment unit 1, i.e., the direction opposit
flow of the treatment target water. After the wash

is injected into the water treatment unit 1 through
washing water inlet port 1c, the washing water flow
and flows out to the upper side of the water treatm
through the inlet port 1a, and then is drained thro
drain valve 6. At this time, the air pump 39 injec

into the water treatment unit 1 in a direction from

side to the upper side of the water treatment unit
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the direction opposite to the flow of the treatment
water.

[0108] The air injected by the air pump 39 flows in
water treatment unit 1 together with the washing wa
the flow of the air, a shear force acts on the surf

the first granular electrode member 18 and the seco
granular electrode member 19, thereby removing biof
scale adhered to the surfaces of the granular elect
members. The flow speed of the air injected by the
39is 0.5 to 1.5 m/min, or desirably, 0.7 to 0.9 m/

the air injection time is 1 to 10 minutes, or desir

5 minutes. If the flow speed is too high, the shea
acting on the surfaces of the granular electrode me
becomes excessive and thus the surfaces are worn ou
the specific surface area is reduced, leading to de
capacitor. On the other hand, if the flow speed is

the effect of washing by air is reduced. In additi
injection time is too long, a time is taken for was
leading to reduction of desalination efficiency. O
other hand, if the injection time is too short, the

washing by air is reduced.

The other matters are the same as in embodiment 1.

[0109] <Addition reverse washing step>

In the addition reverse washing step, first, the

additive supply valve 10 is opened and the additive

target
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pump 37 is activated to add a predetermined amount
additive to the washing water in the reverse washin
tank 17 from the additive storage tank 16. Next, t

36 stirs and mixes the additive and the washing wat
generate additive containing washing water.

[0110] Next, in a state in which the drain valve 6
washing water supply valve 9 are opened and the tre
target water supply valve 5 is closed, the washing
supply pump 4 is activated to inject the additive ¢
washing water in the reverse washing water tank 17
water treatment unit 1 in a direction from the lowe
water inlet port 1c to the upper inlet port 1a of t
treatment unit 1, i.e., the direction opposite to t

the treatment target water. After the additive con
washing water is injected into the water treatment
through the washing water inlet port 1c, the additi
containing washing water flows upward and flows out
upper side of the water treatment unit 1 through th
port 1a, and then is drained through the drain valv
this time, the air pump 39 injects air into the wat
treatment unit 1 in a direction from the lower side
upper side in the drawing, i.e., the direction oppo

the flow of the treatment target water. The air in

the air pump 39 flows in the water treatment unit 1

with the additive containing washing water. By the

of
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the air, a shear force acts on the surfaces of the first
granular electrode member 18 and the second granula r
electrode member 19, thereby removing and injecting biofilm
and/or scale adhered to the surfaces of the granula r
electrode members. The flow speed and the injectio n time for

the air are the same as in the reverse washing step
The other matters are the same as in embodiment 1.
[0111] In embodiment 8, the same effects as in embo diment

1 can be obtained.

[0112] In addition, air is injected into the water

treatment unit in the reverse washing step and the addition
reverse washing step, and by the flow of the air, a shear
force acts on the surfaces of the granular electrod e members,
whereby a high washing effect can be obtained. In addition,

a shear force applied between the granules of the g ranular
electrode members increases, whereby a further incr eased

washing effect can be obtained.
[0113] Embodiment 9

Hereinafter, embodiment 9 of the present invention

will be described with reference to FIG. 12. Parts that are
the same as or correspond to those in FIG. 1 are de noted by
the same reference characters, and the description thereof is
omitted. Embodiment 9 is different from embodiment 1in that
temporal change in the electric conductivity of the treatment

target water during desalination is used as a finis h
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determination index for the desalination step. FIG
configuration diagram of a water treatment apparatu
according to embodiment 9 of the present invention.
water treatment apparatus 900, the water treatment
provided with a water treatment unit state measurem
40 for measuring the state in the water treatment u
embodiment 9, the water treatment unit state measur
40 is an electric conductivity meter for measuring
electric conductivity of the treatment target water
desalination in the water treatment unit 1. The wa
treatment unit state measurement unit 40 is connect
control unit 14, and is controlled by the control u

during execution of each processing step.

The other matters are the same as in embodiment 1,

and therefore the description thereof is omitted.
[0114] Next, operation will be described. The oper
is the same as in embodiment 1 in that desalination
treatment target water is sequentially performed wh
cycle of desalination of treatment target water in
treatment unit 1 and washing of the water treatment
repeated. Hereinafter, the “desalination step” wil
described in detail. The “reverse washing step”, t
“addition reverse washing step”, and the “washing m
execution control” are the same as in embodiment 1,

therefore the description thereof is omitted.
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[0115] <Desalination step>

Control of the valves and the like and the flows o
the treatment target water and the desalinated wate
desalination step are the same as in embodiment 1.
treatment unit state measurement unit 40 measures t
electric conductivity of treatment target water tha
subjected to desalination in the water treatment un
predetermined time intervals, during execution of t
desalination step. A result of the measurement aft
elapsed since the start of the desalination step is
as A(x), and a result of the measurement after (x +
elapsed is defined as A(x +y). When A(x +y) has
to 1.0 times, or desirably, 0.95 to 1.0 times A(X),
desalination step is finished. If the desalination
finished when A(x +y) is smaller than 0.8 times A(
desalination step is finished in a state in which t
desalination still can be performed, and thus the
desalination is insufficient. On the other hand, i
desalination step is finished when A(x +y) is grea
1.0 times A(x), ions have been adsorbed to a deep p
each granular electrode member and thus a time is r
for washing. Therefore, the time periods of the wa
and the addition reverse washing step are prolonged
desalination efficiency is reduced. In addition, d

water needed for washing increases, and thus the re

rin the
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he

tis being
it 1, at

he

er x has
defined
y) has

become 0.8
the
step is
X), the

he

f the

ter than
art of
equired
shing step
, SO that
esalinated

covery



10

15

20

25

90

amount of the desalinated water decreases. Itis n

X is an optional value, and y is 1 to 15 minutes, o
desirably, 1 to 10 minutes. If y is too great, the
period of the desalination step is prolonged, so th
are adsorbed to a deep part of each granular electr
and a time is required for washing. Thus, the time
of the washing step and the addition reverse washin
prolonged and desalination efficiency is reduced.
addition, the amount of desalinated water needed fo
increases, and thus the recovery amount of the desa
water decreases. On the other hand, if y is too sm
desalination step is finished even though the elect
conductivity temporarily decreases, leading to insu
desalination.

[0116] In embodiment 9, the same effects as in embo
1 can be obtained.

[0117] In addition, since the electric conductivity
treatment target water during desalination is used
finish determination index for the desalination ste
determination as to finish of the desalination step
performed while the ion concentration in the treatm
water is reflected therein. Since the ion concentr
the treatment target water directly relates to desa
performance of the water treatment unit, it is poss

perform more effective and efficient desalination w

oted that

r

time

at ions
ode member
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maximally using the desalination performance of the
treatment unit.
[0118] Although not shown, the configuration in whi
temporal change in the electric conductivity of the
target water during desalination is used as a finis
determination index for the desalination step as in
embodiment 9, is also applicable to embodiments 2 t
[0119] Embodiment 10

Hereinafter, embodiment 10 of the present inventio
will be described with reference to FIG. 1. Embodi
different from embodiment 1 in that an execution pe
used as a finish determination index for the revers
step and the addition reverse washing step. The ot
matters are the same as in embodiment 1, and theref
description thereof is omitted. The “reverse washi
and the “addition reverse washing step” will be des
detalil.
[0120] <Reverse washing step>

Control of the valves and the like and the flow of
washing water in the reverse washing step are the s
embodiment 1. When the execution period of the rev
washing has reached 1 to 60 minutes, or desirably,
minutes since the start of the reverse washing, the
washing step is finished. If the execution period

reverse washing step is too long, a time is taken f

water

ch
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washing, so that the amount of desalinated water th
recovered is decreased, leading to reduction in des
efficiency. On the other hand, if the execution pe
the reverse washing step is too short, each granula
electrode member is not sufficiently washed, leadin
reduction in the ion removal rate, and thus desalin
efficiency in the next desalination step is reduced
[0121] <Addition reverse washing step>

Control of the valves and the like and the flows o
the additive and the additive containing washing wa
addition reverse washing step are the same as in em
When the execution period of the reverse washing ha
1 to 60 minutes, or desirably, 3 to 30 minutes sinc
start of the reverse washing using additive contain
washing water, the reverse washing using additive ¢
washing water is finished. If the time period of t
washing using additive containing washing water is
a time is taken for the washing and the amount of d
water that is recovered decreases, leading to reduc
desalination efficiency. On the other hand, the ti
of the reverse washing using additive containing wa
water is too short, each granular electrode member
sufficiently washed and materials adhered to the el
members remain, leading to reduction in the ion rem

and thus desalination efficiency in the next desali
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step is reduced.

[0122] After the reverse washing using the additive
containing washing water, flowing-out of the additi
containing washing water from the water treatment u
the treatment target water is started, and then, wh
execution period of the flowing-out has reached 1t
minutes, or desirably, 1 to 15 minutes since the st
flowing-out, the flowing-out of the additive contai
washing water is finished. If the time period of t
flowing-out of the additive containing washing wate
short, the additive containing washing water cannot
to sufficiently flow out from the water treatment u
the other hand, if the time period of the flowing-o
additive containing washing water is too long, the
target water needed for causing the additive contai
washing water to flow out from the water treatment
increases, leading to reduction in the recovery rat
desalinated water. In addition, if the time period

for causing the additive containing washing water t
from the water treatment unit 1 is prolonged, the t
of the addition reverse washing step is prolonged,
the number of times of the desalination step decrea
leading to reduction in the recovery rate for the d
water.

[0123] In embodiment 10, the same effects as in emb
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1 can be obtained.
[0124] In addition, since the execution period is u
a finish determination index in the reverse washing
the addition reverse washing, all of the desalinati
the reverse washing step, and the addition reverse
step can be controlled on the basis of time, whereb
operation of the water treatment apparatus can be s
[0125] The configuration in which the execution per
used as a finish determination index in the reverse
step and the addition reverse washing as in embodim
also applicable to embodiments 2 to 9.
[0126] Embodiment 11

Hereinafter, embodiment 11 of the present inventio
will be described with reference to FIG. 1. Embodi
different from embodiment 1 in that the ion concent
the removal target ion is used as a determination i
the washing method execution control. In embodimen
desalinated water ion concentration measurement uni
shown) for measuring the ion concentration of the r
target ion in the desalinated water is connected to
treatment unit 1. As the desalinated water ion con
measurement unit (not shown), an absorption photome
measuring the ultraviolet absorbance or an ion sele
electrode is used. Examples of the removal target

include chloride ion, sodium ion, calcium ion, magn

sed as
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potassium ion, sulfuric acid ion, and nitrate ion.

The other matters are the same as in embodiment 1,

and therefore the description thereof is omitted.
“washing method execution control” will be describe
detalil.

[0127] <Washing method execution control>

First, the control unit 14 acquires the removal

target ion concentration in the desalinated water f
desalinated water ion concentration measurement uni
shown) and stores the removal target ion concentrat
the storage unit (not shown). Next, the control un
reads, from the storage unit (not shown), the great
(hereinafter, referred to as “reference removal tar
concentration”) of the removal target ion concentra
the time when the first-time desalination step is f
after the water treatment apparatus 100 has been ac
and the removal target ion concentration at the tim
first-time desalination step is finished after the
addition reverse washing step has been executed, an
the reference removal target ion concentration with
present removal target ion concentration. If the p
removal target ion concentration is 1 to 2 times, 0
desirably, 1 to 1.5 times the reference removal tar
concentration, the desalination performance of the

treatment unit 1 has been reduced, and therefore th
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unit 14 determines to execute the addition reverse
step. If the present removal target ion concentrat
smaller than 1 times the reference removal target i
concentration, the desalination performance of the
treatment unit 1 has not been reduced and it is not
to execute the addition reverse washing. Therefore
control unit 14 determines to execute the reverse w
step. If the present removal target ion concentrat
greater than 2 times, or desirably, 1.5 times the r
removal target ion concentration, the desalination
performance has been significantly reduced and ther
control unit 14 determines that it is difficult to

the desalination performance by the addition revers
step. In such a case, for example, the control uni
causes a display unit (not shown) to display an ala
indication for notification that it is necessary to

the first granular electrode member 18 and the seco
granular electrode member 19, thereby prompting a u
replace the first granular electrode member 18 and
granular electrode member 19.

[0128] In embodiment 11, the same effects as in emb
1 can be obtained.

[0129] In addition, by using the ion concentration
removal target ion as a determination index in the

method execution control, it is possible to determi
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to execute the reverse washing step or the addition
washing in accordance with the ion concentration of
that is a main removal target. Therefore, a specif
be removed efficiently.
[0130] The configuration in which the ion concentra
the removal target ion is used as a determination i
the washing method execution control as in embodime
also applicable to embodiments 2 to 10.
[0131] Embodiment 12
Hereinafter, embodiment 12 of the present inventio
will be described with reference to FIG. 1. Embodi
different from embodiment 1 in that hardness is use
determination index in the washing method execution
In embodiment 12, a desalinated water hardness meas
unit (not shown) for measuring the hardness of desa
water is connected to the water treatment unit 1.
desalinated water hardness measurement unit (not sh
hardness meter or a hardness sensor is used.
The other matters are the same as in embodiment 1,
and therefore the description thereof is omitted.
“washing method execution control” will be describe
detalil.
[0132] <Washing method execution control>
First, the control unit 14 acquires the hardness o

desalinated water from the desalinated water hardne
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measurement unit (not shown) and stores the hardnes
storage unit (not shown). Next, the control unit 1
from the storage unit (not shown), the greater one
(hereinafter, referred to as “reference hardness”)
hardness of desalinated water at the time when the
desalination step is finished after the water treat
apparatus 100 has been activated, and the hardness
desalinated water at the time when the first-time
desalination step is finished after the previous ad
reverse washing step has been executed, and compare
reference hardness with the present hardness of the
desalinated water. If the present hardness of the
desalinated water is 1 to 2 times, or desirably, 1
times the reference hardness, the desalination perf
the water treatment unit 1 has been reduced, and th
the control unit 14 determines to execute the addit
reverse washing step. If the present hardness of t
desalinated water is smaller than 1 times the refer
hardness, the desalination performance of the water
unit 1 has not been reduced and it is not necessary
execute the addition reverse washing. Therefore, t
unit 14 determines to execute the reverse washing s
the present hardness of the desalinated water is gr

2 times, or desirably, 1.5 times the reference hard

desalination performance has been significantly red
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therefore the control unit 14 determines that it is

to restore the desalination performance by the addi
reverse washing step. In such a case, for example,
control unit 14 causes a display unit (not shown) t

an alarm indication for notification that it is nec
replace the first granular electrode member 18 and
granular electrode member 19, thereby prompting a u
replace the first granular electrode member 18 and
granular electrode member 19.

[0133] In embodiment 12, the same effects as in emb
1 can be obtained.

[0134] In addition, by using the hardness as a
determination index in the washing method execution
it is possible to measure the ion concentration of

ion, magnesium ion, or the like which is a cause of
generation of scale which hampers stable desalinati
Therefore, while the possibility of adhesion of sca
grasped, the addition reverse washing step can be e
an effective timing.

[0135] The configuration in which the hardness is u
a determination index in the washing method executi
as in embodiment 12, is also applicable to embodime
10.
[0136] Embodiment 13

Hereinafter, embodiment 13 of the present inventio
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will be described with reference to FIG. 12. Embod

is different from embodiment 9 in that the current
current flowing through the water treatment unit du
execution of the desalination step is used as a det
index in the washing method execution control. Emb
uses a phenomenon in which, in electric desalinatio
technology using electrical double layer capacitor
desalination performance is reduced when the capaci
the first granular electrode member and the second
electrode member in the water treatment unit are re
to adhesion of scale and/or biofilm, and the reduct
capacitances is detected on the basis of measuremen
current flowing through the water treatment unit du
desalination. In embodiment 13, the water treatmen
state measurement unit 40 is a current meter for me
the value of current flowing through the water trea

1.

The other matters are the same as in embodiment 1,

and therefore the description thereof is omitted.
“desalination step” and the “washing method executi
will be described in detail.

[0137] <Desalination step>

The control unit 14 acquires the current value of

current flowing through the water treatment unit 1
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state measurement unit 40 which is a current meter,
stores the current value into the storage unit (not
Control of the valves and the like and the flows of
target water and desalinated water are the same as
embodiment 1.

[0138] <Washing method execution control>

The control unit 14 reads, from the storage unit

(not shown), the greater one (hereinafter, referred
“reference current value”) of the current value of
flowing through the water treatment unit at the tim
first-time desalination step is finished after the
treatment apparatus 900 has been activated, and the
value at the time when the first-time desalination
finished after the previous addition reverse washin
been executed, and compares the reference current v
the present current value. If the present current
smaller than 0.5 to 1.0 times, or desirably, 0.7 to

the reference current value, the current flowing th
water treatment unit 1 has been reduced and thus de
performance of the water treatment unit 1 has been
Therefore, the control unit 14 determines to execut
addition reverse washing step. If the present curr

is equal to or greater than 1.0 times, or desirably
times the reference current value, the ion removal

the water treatment unit 1 has not been reduced or

and
shown).
treatment

in

to as
current
e when the
water
current
step is
g step has
alue with
value is
0.9 times
rough the
salination
reduced.
e the
ent value
, 0.9
rate of

has been



10

15

20

25

102

slightly reduced and thus it is not necessary to ex
addition reverse washing. Therefore, the control u
determines to execute the reverse washing step. If
present current value is smaller than 0.5 times, or

0.7 times the reference current value, the desalina
performance has been significantly reduced and ther
control unit 14 determines that it is difficult to

the desalination performance by the addition revers
step. In such a case, for example, the control uni
causes a display unit (not shown) to display an ala
indication for notification that it is necessary to

the first granular electrode member 18 and the seco
granular electrode member 19, thereby prompting a u
replace the first granular electrode member 18 and
granular electrode member 19.

[0139] Although the current value of current flowin
through the water treatment unit 1 at the start of
desalination step is used as a determination index
washing method execution control in embodiment 13,
current value at the time when the desalination ste
finished or the integral value of the current value
execution of the desalination step may be used as t
determination index.

[0140] In embodiment 13, the same effects as in emb

1 can be obtained.
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[0141] In addition, since the current value of curr
flowing through the water treatment unit during exe
the desalination step is used as a determination in
washing method execution control, the determination
less likely to be influenced by contamination of tr
target water or desalinated water and thus it is po
perform appropriate determination in the washing me
execution control.

In addition, since measurement of the current valu
is easy and can be performed stably, the water trea
state measurement unit can be simplified.

[0142] Although not shown, the configuration in whi
current value of current flowing through the water

unit during the desalination step is used as a dete
index in the washing method execution control as in
embodiment 13, is also applicable to embodiments 2
[0143] Embodiment 14

Hereinafter, embodiment 14 of the present inventio
will be described with reference to FIG. 12. Embod
is different from embodiment 9 in that the voltage
between both ends of the water treatment unit at th
when the desalination step is finished and voltage
thereof at the time of discharging after the desali
step is finished, are used as determination indices
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phenomenon in which, in electric desalination techn
using electrical double layer capacitor technology,
capacitances of the first granular electrode member
second granular electrode member in the water treat
are reduced due to adhesion of scale and/or biofilm
desalination performance is reduced, and when the i
resistance in the water treatment unit is increased
adhesion of scale and/or biofilm, desalination perf
reduced and the internal resistance is increased.
reduction in the capacitances is detected on the ba
measurement of the voltage value between both ends
water treatment unit at the time when the desalinat

is finished, and the increase in the internal resis
detected on the basis of measurement of voltage dro
time of discharging after the desalination step. |
embodiment 14, the water treatment unit state measu
unit 40 is a voltage meter for measuring the voltag
between both ends of the water treatment unit 1, i.

between the pair of collectors 28a, 28b.

The other matters are the same as in embodiment 1,

and therefore the description thereof is omitted.
“desalination step” and the “washing method executi
will be described in detail.

[0144] <Desalination step>

The control unit 14 acquires the voltage value
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between both ends of the water treatment unit 1 at
when the desalination step is finished and voltage
thereof at the time of discharging after the desali
step, from the water treatment unit state measureme
which is a voltage meter, and stores the voltage va
voltage drop into the storage unit (not shown). Co
the valves and the like and the flows of the treatm
water and the desalinated water are the same as in
1.

[0145] <Washing method execution control>

The control unit 14 reads, from the storage unit

(not shown), the greater one (hereinafter, referred
“reference voltage value”) of the voltage value bet
ends of the water treatment unit 1 at the time when
first-time desalination step is finished after the
treatment apparatus 900 has been activated, and the
value at the time when the first-time desalination
finished after the previous addition reverse washin
been executed, and the smaller one (hereinafter, re
as “reference voltage drop”) of the voltage drop be
both ends of the water treatment unit 1 at the time
discharging immediately after the first-time desali
step is finished after activation of the water trea
apparatus 900, and the voltage drop at the time of

discharging immediately after the first-time desali

the time
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step is finished after the previous execution of th
reverse washing step. Then, the control unit 14 co
reference voltage value and the reference voltage d
the present voltage value and the present voltage d
respectively. If the present voltage value is smal

0.5 to 1.0 times, or desirably, 0.7 to 0.9 times th
reference current value, or if the present voltage

to 5 times, or desirably, 1 to 2 times the referenc

drop, biofilm and/or scale has been adhered to the
granular electrode member 18 and the second granula
electrode member 19 and thus desalination performan
water treatment unit 1 has been reduced. Therefore
control unit 14 determines to execute the addition
washing step.

[0146] In embodiment 14, the same effects as in emb
1 can be obtained.

[0147] In addition, in the washing method execution
control, since the voltage value between both ends
water treatment unit at the time when the desalinat

is finished and voltage drop thereof at the time of
discharging after the desalination step is finished

as determination indices in the washing method exec
control, the determination indices are less likely
influenced by contamination of treatment target wat

desalinated water and thus it is possible to perfor

e addition
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rop with
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appropriate determination in the washing method exe
control.

In addition, since measurement of the voltage valu
is easy and can be performed stably, the water trea
state measurement unit can be simplified.

[0148] Although not shown, the configuration in whi
voltage value between both ends of the water treatm
at the time when the desalination step is finished
voltage drop at the time of discharging after the
desalination step is finished are used as determina
indices in the washing method execution control as
embodiment 14, is also applicable to embodiments 2
[0149] Embodiment 15

Hereinafter, embodiment 15 of the present inventio
will be described with reference to FIG. 1. Embodi
different from embodiment 1 in that pressure loss i
water treatment unit at the time when the desalinat
is finished is used as a determination index in the
method execution control. Embodiment 15 uses a phe
which, in electric desalination technology using el
double layer capacitor technology, while the desali
step is repeated, accumulation of biofilm and/or sc
contraction of the granular electrode members due t
occur and thus their surface areas are reduced, and

capacitances are reduced, whereby desalination perf

cution

tment unit
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reduced and the occlusion degree of the first granu lar
electrode member and the second granular electrode member is
increased. Increase in the occlusion degree is det ected on
the basis of measurement of pressure loss. In embo diment 15,
the treatment target water measurement unit 11 and the
desalinated water measurement unit 12 include press ure meters
for measuring the pressures of treatment target wat er and

desalinated water, respectively.

The other matters are the same as in embodiment 1,
and therefore the description thereof is omitted. The
“desalination step” and the “washing method executi on control”
will be described in detail.
[0150] <Desalination step>

The control unit 14 acquires the pressures of

treatment target water flowing into the water treat ment unit

1 and desalinated water flowing out from the water treatment
unit 1, from the treatment target water measurement unit 11
and the desalinated water measurement unit 12, when the
desalination step is finished, and then the control unit 14
calculates pressure loss in the water treatment uni t1and
stores the pressure loss into the storage unit (not shown).
Control of the valves and the like and the flows of the
treatment target water and the desalinated water ar e the same

as in embodiment 1.

[0151] <Washing method execution control>
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The control unit 14 reads, from the storage unit

(not shown), the greater one (hereinafter, referred
“reference pressure loss”) of the pressure loss in
treatment unit 1 at the time when the first-time de
step is finished after the water treatment apparatu
been activated, and the pressure loss at the time w
first-time desalination step is finished after the
addition reverse washing step has been executed, an
the reference pressure loss with the present pressu

If the present pressure loss is 1 to 5 times, or de

1.5 to 3 times the reference pressure loss, biofilm
scale has been accumulated and the first granular e
member 18 and the second granular electrode member
contracted, whereby desalination performance has be
Therefore, the control unit 14 determines to execut
addition reverse washing step. If the present pres

is smaller than 1 times, or desirably, 1.5 times th
reference pressure loss, the ion removal rate of th
treatment unit 1 has not been reduced or has been s
reduced and thus it is not necessary to execute the
reverse washing. Therefore, the control unit 14 de

to execute the reverse washing step. If the presen
loss is 5 times, or desirably, 3 times the referenc
loss, desalination performance has been significant

and therefore the control unit 14 determines that i
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difficult to restore desalination performance by th
reverse washing step. In such a case, for example,
control unit 14 causes a display unit (not shown) t

an alarm indication for notification that it is nec

replace the first granular electrode member 18 and
granular electrode member 19, thereby prompting a u
replace the first granular electrode member 18 and
granular electrode member 19.

[0152] In embodiment 15, the same effects as in emb
1 can be obtained.

[0153] In addition, in the washing method execution
control, since pressure loss in the water treatment

the time when the desalination step is finished is
determination index in the washing method execution
the determination index is less likely to be influe
contamination of treatment target water or desalina
and therefore it is possible to comprehensively and
grasp increase in the occlusion degree of the first
electrode member and the second granular electrode
Thus, it is possible to easily perform appropriate
determination in the washing method execution contr
[0154] Although not shown, the configuration in whi
pressure loss in the water treatment unit at the fi

the desalination step is finished is used as a dete

index in the washing method execution control as in
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embodiment 15, is also applicable to embodiments 2
[0155] Embodiment 16

Hereinafter, embodiment 16 of the present inventio
will be described with reference to FIGS. 13 to 16.
embodiment 16, a pressing portion for pressing the
granular electrode member and the second granular e
member is provided to the water treatment unit desc
any of embodiments 1 to 15. FIG. 13 is a perspecti
showing the water treatment unit according to embod
FIG. 14 is a top view showing the water treatment u
according to embodiment 16, and FIG. 15 and FIG. 16
sectional views along P-P line and Q-Q line in FIG.
shown in FIG. 13, a water treatment unit 101 is con
such that a first granular electrode member 181, a
granular electrode member 191, a pair of collectors
281b, and a separator 211, which correspond to the
granular electrode member 18, the second granular e
member 19, and the pair of collectors 28a, 28b, and
separator 21 described in the above embodiments 1 t
stored in a treatment container 48. The treatment
48 is, for example, a rectangular parallelepiped, a
plate-shaped lid 49 is placed above the upper surfa
treatment container 48 while a packing 43 formed fr
elastic member is provided therebetween. The lid 4

predetermined thickness, and is fastened to the tre

to 10.
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container 48 by four screws 44 passing through-hole
shown) formed at the four corners. Inside the trea
container 48, the pair of collectors 281a, 281b are
with the separator 211 therebetween, and the first
electrode member 181 and the second granular electr
191 are placed between the separator 211 and the pa
collectors 281a, 281b. In order to prevent short-c
between the first granular electrode member 181 and
second granular electrode member 191, a resin mater
an insulation property or metal having an electrica
insulating coat is used as the materials of the tre
container 48 and the lid 49.

[0156] As shown in FIG. 13 and FIG. 14, the lower s
of the lid 49 has a pair of collector grooves 51a,

which the upper ends of the pair of collectors 281a
inserted, and a separator groove 50 into which the

of the separator 211 is inserted. The pair of coll

281a, 281b are positioned by their upper ends being
the collector grooves 51a, 51b, and the separator 2
positioned by its upper end being fitted to the sep
groove 50.

[0157] The first granular electrode member 181 and
second granular electrode member 191 serve to adsor
treatment target water when voltage is applied. Th

electrode members included in the first granular el
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member 181 and the second granular electrode member
the present embodiment are not made into a sheet fo
like, and are provided in the treatment container 4
state in which the granules are not fixed to each o
That is, the first granular electrode member 181 an
second granular electrode member 191 are each confi
include a plurality of flowable granular electrode

As the materials of the granular electrode members

in the first granular electrode member 181 and the
granular electrode member 191, a conductive materia
has conductivity and a great specific surface area
great capacitance as a capacitor is used. For exam
activated carbon, porous carbon, porous conductive
porous metal is used. These conductive materials m
formed in a powder shape, a granular shape, or the

in the case of powder shape or granular shape, the
diameter thereof is 50 nm to 10 mm.

[0158] The interval between the separator 211 and e
collector 281a, 281b may be 1 to 100 times, or desi

to 20 times the outer diameter of the granular elec
members included in the first granular electrode me
and the second granular electrode member 191. If t
interval between the separator 211 and each collect
281b is smaller than 1 times the outer diameter of

granular electrode members included in the first gr

191 in

rm or the
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electrode member 181 and the second granular electr
191, the first granular electrode member 181 and th
granular electrode member 191 cannot be provided be
separator 211 and the collectors 281a, 281b. On th
hand, if the interval is greater than 100 times the
diameter, the electric resistances of the entire fi
granular electrode member 181 and the entire second
electrode member 191 are increased, so that desalin
performance in the desalination step is reduced. T

because, as the thicknesses of the first granular e

member 181 and the second granular electrode member

increased, the number of granules of the granular e
members included in each of them is increased, lead
formation of a large number of contact portions bet
granules, which have a great electric resistance du
contact resistance.

[0159] The pair of collectors 281a, 281b are for ap
electricity to the first granular electrode member

the second granular electrode member 191, and colle
electricity at the time of discharging. The pair o
collectors 281a, 281b are formed from a conductive
flexible material. For example, the pair of collec

281b are formed from a graphite sheet, GRAFOIL (reg
trademark), conductive rubber, or a metal sheet/pla

sandwiched between or coated with such materials.
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addition, terminals 45a and 45b are respectively fo
the upper ends of the pair of collectors 281a, 281b
terminals 45a and 45b protrude from a pair of throu
46a and 46b formed in the lid 49 so as to be expose
outside, and are used for making electric connectio

a power supply (not shown), and the pair of collect
281b and the first granular electrode member 181 an
second granular electrode member 191. Thus, when e
is applied to the terminals 45a and 45b, electricit
applied to the first granular electrode member 181
second granular electrode member 191.

[0160] The separator 211 prevents short-circuit bet
the first granular electrode member 181 and the sec
granular electrode member 191, and is formed from a
such as filter paper, a porous film, nonwoven fabri
foamed material, or the like which allows transmiss
liquid but blocks a conductive material so as to ma
electric insulation.

[0161] An inlet port 101a of the water treatment un
is provided at one side surface of the treatment co
and communicates between outside of the treatment c
48 and a space between the pair of collectors 281a,
i.e., a space in which the first granular electrode

181, the second granular electrode member 191, and

separator 211 are placed. Thus, the water treatmen

rmed at
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allows treatment target water to be directly inject

the space in which the first granular electrode mem
the second granular electrode member 191, and the s
211 are placed. An outlet port 101b of the water t

unit 101 is provided on another side surface of the
container 48, and communicates between outside of t
treatment container 48 and a space between the pair
collectors 281a, 281b. Thus, the water treatment u
allows treatment target water to be directly discha

the space in which the first granular electrode mem
the second granular electrode member 191, and the s
211 are placed. The inlet port 101a and the outlet

are formed from a resin material having insulation
such as acrylic resin, or metal having an electrica
insulating coat, such as fluorine-coated stainless
order to prevent short-circuit between the first gr
electrode member 181 and the second granular electr
191.

[0162] At the end of the inlet port 101a on the inn
of the treatment container 48 and the end of the ou
101b on the inner side of the treatment container 4
shown in FIG. 16, flow-out preventing members 52 ar
for preventing conductive materials constituting th
granular electrode member 181 and the second granul

electrode member 191 from flowing out from the trea

ed into
ber 181,
eparator
reatment
treatment
he

of
nit 101
rged from
ber 181,
eparator
port 101b
property,
Iy

steel, in
anular

ode member

er side
tlet port
8, as
e attached
e first
ar

tment



10

15

20

25

117

container 48. The flow-out preventing members 52 a
by a resin net having an insulating property or a m
having an insulating coat, for example. In embodim
the inlet port 101a is located at the lower part of
surface of the treatment container 48, and the outl
101b is located at the upper part of the side surfa
treatment container 48. However, the locations of
port 101a and the outlet port 101b are not limited
For example, the inlet port 101a may be located at
part of the side surface of the treatment container
the outlet port 101b may be located at the lower pa
side surface of the treatment container 48. Altern
both or one of the inlet port 101a and the outlet p
may be located near the center of the side surface
treatment container 48. Still alternatively, they
located at the lid 49.

[0163] At the lid 49, a pressing portion 47 is form

above the first granular electrode member 181 and t

granular electrode member 191 as shown in FIGS. 13,

16. The pressing portion 47 is formed in a project

S0 as to protrude toward inside of the treatment co
and has a lower surface formed in a flat shape so t
pressing force can be applied uniformly to the firs
electrode member 181 and the second granular electr

191. The size of the pressing portion 47 is design
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the first granular electrode member 181 and the sec
granular electrode member 191 come into a predeterm
pressed state when the screws 44 are screwed to the
[0164] Next, operation will be described. As the f
screws 44 are screwed into the screw holes of the t
container 48, the pressing portion 47 gradually pre
first granular electrode member 181 and the second
electrode member 191 in the treatment container 48
and when the screws 44 are screwed to the end, the
granular electrode member 181 and the second granul
electrode member 191 are brought into a predetermin
state. In this way, the water treatment unit 101 b

first granular electrode member 181 and the second
electrode member 191 into a predetermined pressed s
the lid 49 of the treatment container 48, and keeps
pressed state of the first granular electrode membe
the second granular electrode member 191 by the fas
force of the screws 44 during a period in which the
target water is treated in the treatment container
desalination step. In the pressed state, the granu
conductive materials constituting the first granula
electrode member 181 and the second granular electr
191 are fixed and thus no longer flow. However, as
above, the granules of the first granular electrode

181 and the second granular electrode member 191 ar

ond
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fixed to each other and therefore can flow in a non
state such as a state before the pressing and a sta
cancelation of the pressing.

[0165] Here, the pressed state by the pressing port
will be described. The pressed state by the pressi

47 is prescribed by a compression rate P defined as

In this definition, A is the volume of the first gr
electrode member 181 and the second granular electr
191 before the lid 49 is attached to the treatment

48, and B is the volume of the first granular elect
member 181 and the second granular electrode member
the lid 49 is attached to the treatment container 4
screws 44 are screwed to the end. In the case wher
horizontal sectional area of the first granular ele
member 181 and the second granular electrode member
constant between before and after pressing, the com
rate P is equal to the ratio between a height H1 of

49 when the lid 49 is merely placed on the first gr
electrode member 181 and the second granular electr
191 and the screws 44 are not screwed at all, and a

of the lid 49 after the screws 44 are screwed to th

the present embodiment, the first granular electrod

181 and the second granular electrode member 191 ar
between the collector 281a and the separator 211 an

the collector 281b and the separator 211, and the p

-pressed

te after

ion 47

ng portion
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collectors 281a, 281b and the separator 211 are pos
the collector grooves 51a, 51b and the separator gr
Therefore, it can be said that the horizontal secti

of the first granular electrode member 181 and the
granular electrode member 191 is constant between b
after pressing, and thus the compression rate P can
considered to be equal to the ratio between the hei
the lid 49 when the lid 49 is merely placed on the
granular electrode member 181 and the second granul
electrode member 191 and the screws 44 are not scre
and the height H2 of the lid 49 after the screws 44
screwed to the end, i.e., P = H2/H1.

[0166] In the case where the treatment container 48
transparent and thus the inside of the treatment co

is visible, the values of A and B can be acquired b
measuring the dimensions of the first granular elec
member 181 and the second granular electrode member
the compression rate P can be calculated from the a
values of A and B. In the case where the treatment

48 is not transparent and the inside of the treatme
container 48 is not visible, the compression rate P
calculated from the height H1 of the lid 49 when th

is merely placed on the first granular electrode me
and the second granular electrode member 191 and th

44 are not screwed at all, and the height H2 of the

itioned by
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after the screws 44 are screwed to the end.

[0167] The compression rate P is prescribed in ara
0.5 t0 0.99, or desirably, 0.7 to 0.95. If the com

rate P is greater than 0.99, the contact area betwe
conductive materials constituting the first granula
electrode member 181 and the second granular electr
191 decreases and the electric resistance increases

is not preferable. If the compression rate P is sm

0.5, the conductive materials are crushed and flow

the treatment container 48 together with treatment
water, and this is not preferable.

[0168] The pressed state of the first granular elec
member 181 and the second granular electrode member
be prescribed by the value of the electric resistan

the pair of collectors 281a, 281b or the value of p

loss when treatment target water is passed in the
desalination step. Alternatively, the pressed stat
prescribed by both values of the electric resistanc

pressure loss.

In the case of prescribing the pressed state by th

value of electric resistance, a value in a range of
100 @, or desirably, 0.05 to 50
conductive materials constituting the separator 211

first granular electrode member 181, and the second

electrode member 191 have a resistance, the value o

Qs used. Since the
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resistance cannot be made smaller than 0.01

hand, in the case of being greater than 100
performance is deteriorated, and this is not prefer
[0169] In the case of prescribing the pressed state
pressure loss, a value in a range of 0.001 to 1000
desirably, 0.05 to 500 kPa/m is used. Since the co
materials constituting the first granular electrode

181 and the second granular electrode member 191 ha
passing resistance, the pressure loss cannot be mad
than 0.001 kPa/m. On the other hand, in the case o
greater than 1000 kPa/m, energy consumption relevan
injection into the water treatment unit 101 increas

this is not preferable.

[0170] If the pressed state by the pressing portion
prescribed in an appropriate range as described abo
gaps in the conductive materials constituting the f
granular electrode member 181 and the second granul
electrode member 191 are finely divided, and flow o
treatment target water into the gaps is also finely
Thus, the distance between ions in the treatment ta
and the conductive materials constituting the first
electrode member 181 and the second granular electr
191 is shortened, whereby adsorption of the ions to
granular electrode member and the second granular e

member is promoted. In addition, owing to the fine

Q. On the other
Q, desalination
able.
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the flow of the treatment target water has a unifor
thickness in the first granular electrode member 18
second granular electrode member 191. In addition,
contact area between the conductive materials const
the first granular electrode member 181 and the sec
granular electrode member 191 increases, and the el
resistance decreases.

[0171] In embodiment 16, the same effects as in emb
1 can be obtained.

[0172] In addition, the water treatment unit is con
such that the pair of collectors are placed with th
separator therebetween in the treatment container,
granular electrode member and the second granular e
member are placed between the separator and the pai
collectors, and the pressing portion for pressing t
granular electrode member and the second granular e
member and keeping the pressed state is formed at t
the treatment container. Thus, the first granular
member and the second granular electrode member are
only conductive materials without using an additive
binder. Therefore, in the desalination step, the p

the gaps in the conductive materials constituting t
granular electrode member and the second granular e
member can be prevented from being occluded, and pr

loss due to injection of treatment target water can
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decreased.

[0173] By keeping the pressed state of the first gr
electrode member and the second granular electrode
the gaps in the conductive materials constituting t
granular electrode member and the second granular e
member are finely divided, and therefore flow of tr
target water into the gaps is also finely divided,

the distance between the ions in the treatment targ
and the conductive materials is shortened, and thus
adsorption of ions to the first granular electrode

the second granular electrode member is promoted.
owing to the fine division of the water flow, flow
treatment target water in the first granular electr

and the second granular electrode member has a unif
thickness, and therefore adsorption of ions is unif
performed. Since promotion of ion adsorption and u
adsorption are achieved, desalination performance c
further improved.

[0174] In addition, by keeping the pressed state of
first granular electrode member and the second gran
electrode member, the electric resistance of the fi
granular electrode member and the second granular e
member is reduced, and therefore applied electricit
passed throughout the first granular electrode memb

second granular electrode member, and the pores in
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conductive materials constituting the first granula
electrode member and the second granular electrode
be used without waste.

[0175] In addition, the treatment container is prov
with the inlet port communicating between outside o
treatment container and the space in which the firs
electrode member, the second granular electrode mem
the separator are placed, so that the treatment tar
directly flows into the first granular electrode me
second granular electrode member, and the separator
Therefore, the treatment target water can spread ov
entirety of the separator, the first granular elect
member, and the second granular electrode member.
[0176] In embodiment 16, the pressing portion is fo
the lid of the treatment container. However, witho
limitation thereto, for example, the lid and the pr
portion may be separate members. In this case, onl
pressing portion may be fastened by screws, and the
be fixed to the treatment container by another fixa
member. In embodiment 16, the separator groove and
of collector grooves are formed on the lid. Howeve
limitation thereto, for example, the separator groo

pair of collector grooves may be formed in the trea
container, or may be formed for both of the lid and

treatment container.
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[0177] Embodiment 17

Hereinafter, embodiment 17 of the present inventio
will be described with reference to FIG. 17. Embod
relates to a configuration in which, in the water t
unit described in any of embodiments 1 to 15, a pre
portion for pressing the first granular electrode m
the second granular electrode member is provided to
treatment unit, and the pair of collectors and the
are arranged in the vertical direction. FIG. 17 is
perspective view showing a water treatment unit 102
to embodiment 17 of the present invention. As show
17, a water treatment unit 102 is configured such t
first granular electrode member 182, a second granu
electrode member 192, a pair of collectors 282a, 28
separator 212, which correspond to the first granul
electrode member 18, the second granular electrode
the pair of collectors 28a, 28b, and the separator
described in the above embodiments 1 to 15, are sto
cylindrical treatment container 58. A cylindrical
placed above the upper surface of the treatment con
while a packing 53 formed from an elastic member is
therebetween. The lid 59 has a predetermined heigh
fastened to the treatment container 58 by four scre
passing through-holes (not shown). The treatment c

48 is provided with an inlet port 102a through whic

iment 17
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treatment target water flows into the treatment con
from outside, and the lid 49 is provided with an ou
102b through which treatment target water flows to
from inside of the treatment container 48.

[0178] Inside the treatment container 58, the pair
collectors 282a, 282b are placed with the disk-shap
separator 212 therebetween, and the cylindrical fir
granular electrode member 182 and the cylindrical s
granular electrode member 192 are placed between th
separator 212 and the collectors 282a, 282b. The p
collectors 282a, 282b are formed in a disk shape, a
terminals 55a, 55b protruding on the side surfaces
The first granular electrode member 182 and the sec
granular electrode member 192 are not made into a s
or the like, and are provided in the treatment cont

in a state in which the granules are not fixed to e

That is, the first granular electrode member 182 an
second granular electrode member 192 are each confi
include a plurality of flowable granular electrode

The thicknesses of the first granular electrode mem
and the second granular electrode member 192 are no
prescribed, and the thicknesses of the first granul
electrode member 182 and the second granular electr
192 can be changed by change of the amount of the ¢

materials, whereby desalination performance can be

tainer 48
tlet port

outside

of
ed
st
econd
e
air of
nd have
thereof.
ond
heet form
ainer 48
ach other.
d the
gured to
members.
ber 182
t
ar
ode member
onductive

adjusted.
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[0179] A pressing portion 57 which comes into conta
the upper surface of the collector 282a is formed a

59. The pressing portion 57 presses the first gran
electrode member 182 and the second granular electr
192 via the collector 282a, by the lid 59 being fas

the treatment container 58 by the four screws 54.
pressed state, the granules of the first granular e
member 182 and the second granular electrode member
fixed and thus no longer flow. However, as describ

the granules of the first granular electrode member

the second granular electrode member 192 are not fi
each other and therefore can flow in a non-pressed

as a state before the pressing and a state after th

is canceled.

[0180] One end of a terminal bar 56a provided so as
penetrate the lid 59 is connected to the terminal 5
protruding on the side surface of the collector 282

end of a terminal bar 56b provided so as to penetra
bottom surface of the treatment container 58 is con

the terminal 55b protruding on the side surface of
collector 282b. Terminals 551a, 551b are formed at
ends of the terminal bars 56a, 56b, respectively.
desalination step, the terminal 551a is connected t

side of a power supply (not shown), and the termina

connected to the minus side of the power supply (no

ct with
t the lid

ular

ode member

tened to
Ina
lectrode
192 are
ed above,
182 and
xed to
state such

e pressing

to
sa
a, and one
te the
nected to
the
the other
In the
o the plus
| 551b is

t shown),
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whereby plus electricity and minus electricity are

the pair of collectors 282a, 282b, the first granul
electrode member 182, and the second granular elect
member 192, and thus treatment target water is desa
As in embodiment 16, during the desalination step,
pressed state of the first granular electrode membe
the second granular electrode member 192 by the pre
portion 57 is kept.

[0181] In embodiment 17, the same effects as in emb
1 can be obtained.

[0182] In addition, the thicknesses of the first gr
electrode member and the second granular electrode
be changed by change of the amount of conductive ma
whereby desalination performance can be adjusted.
adjustment of desalination performance can be easil
performed.

[0183] In addition, by the pressing portion 57, the
granular electrode member and the second granular e
member are pressed in a direction in which they are
sandwiched between the pair of collectors. Therefo
pair of collectors, and the first granular electrod

and the second granular electrode member, can be br
close contact with each other, whereby the electric
resistance during desalination can be decreased.

[0184] It is noted that, within the scope of the pr

applied to
ar

rode
linated.
the

r 182 and

ssing

odiment

anular
member can
terials,

Thus,

y

first

lectrode

re, the

e member

ought into
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invention, the above embodiments may be freely comb ined with
each other, or each of the above embodiments may be modified
or simplified as appropriate, whereby the present i nvention
is applicable to water treatment for water purifica tion,
sewage, drainage, desalination, or the like. In ad dition,
the present invention is also applicable to, for ex ample,
generation of sprinkling water, cooling water, prod uction
water, or washing water for air conditioners. Furt her, the
present invention can be used in combination with a water
heater, a dishwasher, a laundry machine, a cold/hot water
system, an electric water heater, or a humidifier, and also,
can be used as a water purifier. Besides the above devices,
the present invention can be used in combination wi tha
device that needs desalinated water, or can be moun ted
thereto.

DESCRIPTION OF THE REFERENCE CHARACTERS
[0185] 1, 1A, 1B, 101, 102 water treatment unit

le additive injection port

4, 4A, 4B washing water supply pump

14 control unit

16, 16a, 16b, 16c additive storage tank

17 reverse washing water tank

18, 18A, 18B, 181, 182 first granular electrode

member
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19, 19A, 19B, 191, 192 second granular electrode
member

20 power supply unit

21, 21A, 21B, 211, 212 separator

27 additive generation unit

37 additive supply pump

38 additive injection portion

39 air pump

47, 57 pressing portion

100, 200, 300, 400, 500, 600, 700, 800, 900 water

treatment apparatus
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CLAIMS

[1] A water treatment apparatus comprising:

a first electrode and a second electrode stored in
a water treatment unit and provided so as to be sep
from each other by a separator;

a power supply unit which applies voltage between
the first electrode and the second electrode so tha
contained in treatment target water supplied from o
the water treatment unit are adsorbed to the first
and the second electrode, thereby performing desali
generating desalinated water; and

a washing water supply pump which causes washing
water to flow from the other side of the water trea
to the one side of the water treatment unit, thereb
the first electrode and the second electrode, where

the first electrode and the second electrode each

include a plurality of flowable granular electrode

[2] The water treatment apparatus according to clai
wherein

the water treatment unit includes a pressing
portion for pressing the first electrode and the se

electrode.

[3] The water treatment apparatus according to clai

arated

tions
ne side of
electrode

nation and

tment unit

y washing

in

members.

m1,

cond

m1l
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or 2, further comprising:

an additive supply unit which supplies an additive

to the washing water; and

a control unit which determines whether or not to

add the additive to the washing water.

[4] The water treatment apparatus according to clai
further comprising a reverse washing water tank whi

the desalinated water as the washing water.

[5] The water treatment apparatus according to clai
wherein
the additive supply unit supplies the additive to

the washing water stored in the reverse washing wat

[6] The water treatment apparatus according to clai
wherein

the additive supply unit includes a plurality of
additive storage tanks, and the plurality of additi

tanks store additives of different types from each

[7] The water treatment apparatus according to clai
or 6, wherein
the additive supply unit is provided to a pipe

connecting the water treatment unit and the washing

m 3,

ch stores

m 4,

er tank.

m5,

ve storage

other.

mb5

water
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supply pump.
[8] The water treatment apparatus according to clai
wherein

the additive supply unit generates the additive an
directly injects the additive through an additive i

port provided to the water treatment unit.

[9] The water treatment apparatus according to clai
wherein
a plurality of additive injection ports are

provided to the water treatment unit.

[10] The water treatment apparatus according to any
of claims 3 to 9, wherein

the control unit determines whether or not to add
the additive to the washing water, on the basis of
removal rate obtained by dividing a difference betw
electric conductivity of the treatment target water
electric conductivity of the desalinated water by t

electric conductivity of the treatment target water

[11] The water treatment apparatus according to any
of claims 3 to 9, wherein

the control unit determines whether or not to add

m 3,

njection

m 8,

one

an ion
een an
and an

he

one
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the additive to the washing water, on the basis of

concentration of the desalinated water.

[12] The water treatment apparatus according to any
of claims 3 to 9, wherein

the control unit determines whether or not to add
the additive to the washing water, on the basis of

of the desalinated water.

[13] The water treatment apparatus according to any
of claims 3 to 9, wherein

the control unit determines whether or not to add
the additive to the washing water, on the basis of
value of current flowing through the water treatmen

during execution of the desalination.

[14] The water treatment apparatus according to any
of claims 3 to 9, wherein

the control unit determines whether or not to add
the additive to the washing water, on the basis of
voltage between both ends of the water treatment un

time when the desalination is finished.

[15] The water treatment apparatus according to any

of claims 3 to 9, wherein

an ion

one

a hardness

one

a current

t unit

one

a value of

it at a

one
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the control unit determines whether or not to add
the additive to the washing water, on the basis of
voltage between both ends of the water treatment un

time of discharging after the desalination is finis

[16] The water treatment apparatus according to any
of claims 3 to 9, wherein

the control unit determines whether or not to add
the additive to the washing water, on the basis of
loss of the water treatment unit at a time when the

desalination is finished.

[17] The water treatment apparatus according to any
of claims 1 to 16, further comprising a circulation

through which the washing water flowing from the on

the water treatment unit is sent to the other side

water treatment unit.

[18] The water treatment apparatus according to any
of claims 1 to 17, wherein
the water treatment unit comprises a plurality of

water treatment units connected in series.

[19] The water treatment apparatus according to cla

wherein

drop of
itata

hed.

one

pressure

one
path
e side of

of the

one

im 18,
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the plurality of water treatment units share a
reverse washing water tank which stores the desalin

as the washing water.

[20] The water treatment apparatus according to any
of claims 1 to 19, further comprising an air pump w
injects air into the water treatment unit during wa

the first electrode and the second electrode.

[21] A water treatment method comprising:
a desalination step of supplying treatment target
water from one side of a water treatment unit which
first electrode and a second electrode provided so
separated from each other by a separator, and apply
voltage to the first electrode and the second elect
that ions contained in the treatment target water a
adsorbed to the first electrode and the second elec
thereby performing desalination and generating desa
water; and
a washing step of washing the first electrode and
the second electrode by causing washing water to fl
the other side of the water treatment unit to the o
the water treatment unit, wherein
in the washing step, the second electrode is washe

while flowable electrode members contained in the f

ated water

one
hich

shing of

stores a
as to be
ing

rode so
re

trode,

linated

ow from

ne side of

irst
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electrode and the second electrode are caused to fl

[22] The water treatment method according to claim
wherein

the first electrode and the second electrode are
pressed so as to be brought into a pressed state, t
desalination step is executed while the pressed sta
and the washing step is executed after the pressed

released.

[23] The water treatment method according to claim
22, further comprising a step of determining whethe
to add an additive to the washing water, between af

desalination step and before the washing step.

[24] The water treatment method according to any on
claims 21 to 23, wherein

the desalinated water generated in the desalinatio
step is stored, and the stored desalinated water is

the washing water.

[25] The water treatment method according to claim
24, wherein
after the first electrode and the second electrode

are washed using the washing water to which a first

ow.

21,

he
te is kept,

state is

21 or
r or not

ter the

e of

used as

23 or

additive
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is added, the first electrode and the second electr
washed using the washing water to which a second ad

added.

[26] The water treatment method according to any on
claims 23 to 25, wherein

whether or not to add the additive to the washing
water is determined on the basis of an ion removal
obtained by dividing a difference between an electr
conductivity of the treatment target water and an e
conductivity of the desalinated water by an electri

conductivity of the treatment target water.

[27] The water treatment method according to any on
claims 23 to 25, wherein

whether or not to add the additive to the washing
water is determined on the basis of an ion concentr

the desalinated water.

[28] The water treatment method according to any on
claims 23 to 25, wherein

whether or not to add the additive to the washing
water is determined on the basis of a hardness of t

desalinated water.

ode are
ditive is

e of
rate
ic
lectric
c

e of
ation of

e of
he



10

15

20

25

140

[29] The water treatment method according to any on
claims 23 to 25, wherein

whether or not to add the additive to the washing
water is determined on the basis of a current value
current flowing through the water treatment unit du

execution of the desalination.

[30] The water treatment method according to any on
claims 23 to 25, wherein

whether or not to add the additive to the washing
water is determined on the basis of a value of volt
between both ends of the water treatment unit at a

the desalination is finished.

[31] The water treatment method according to any on
claims 23 to 25, wherein

whether or not to add the additive to the washing
water is determined on the basis of drop of voltage
both ends of the water treatment unit at a time of

discharging after the desalination is finished.

[32] The water treatment method according to any on
claims 23 to 25, wherein
whether or not to add the additive to the washing

water is determined on the basis of pressure loss 0

e of

of

ring

e of

age

time when

e of

between

e of

f the
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water treatment unit at a time when the desalinatio nis
finished.
[33] The water treatment method according to any on e of

claims 21 to 32, wherein

in the washing step, the washing water flowing out
from the one side of the water treatment unit is se nt to the
other side of the water treatment unit, whereby the washing

water is circulated.



