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DESCRIPTION 

TITLE OF INVENTION 

METHOD FOR OPERATING DESALTING DEVICE 

 

Technical Field  5 

[0001] The present invention relates to a method for operating a desalting device, and more 

particularly to a method for operating desalting devices having a first desalting device and a second 

desalting device. 

Related Art  

[0002] In a desalting device such as a reverse osmosis (RO) membrane, the precipitation of scale 10 

such as calcium carbonate, silica, calcium fluoride, etc. and membrane clogging due to organic 

matter occurs after long-term operation, resulting in a decrease in the performance of the desalting 

device, such as a decrease in the salt removal rate and a decrease in the permeated water amount.  

In the case of scale clogging, a method is adopted in which the ion concentration in the raw water 

is measured and the desalting device is operated so that the saturation index of the concentrated 15 

water in the desalting device is not exceeded in order to prevent a decrease in the performance of 

the desalting device.  The saturation index herein generally refers to the logarithmic value of the 

product of the concentration and ionic strength of each ion species involved in scale formation 

divided by the solubility product.  The desalting device is operated within a range such that the 

saturation index does not exceed zero.  Furthermore, when the saturation index exceeds zero, for 20 

example, a scale inhibitor is added to suppress the formation of scale, and a desalting device is 

operated. 

[0003] When the water quality is such that the saturation index is so high that it cannot be 

controlled even by adding scale inhibitors, chemical cleaning such as acid washing or alkaline 

washing has conventionally been used to remove the scale.  However, in typical cleaning, the 25 
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equipment is stopped, washed with a cleaning solution, and the cleaning solution is collected 

before water passing is restarted, resulting in high cleaning costs.  Thus, there has been a demand 

for a desalting device whose performance does not deteriorate even after long-term operation and 

which does not require chemical cleaning. 

[0004] One of the methods for operating the desalting device is the flushing method.  Here, 5 

flushing refers to an operation of discharging feedwater from the concentrated water discharging 

pipe to the outside of the system by opening the on-off valve of the concentrated water discharging 

pipe while continuing to operate the feedwater pump.  By passing water through at a faster flow 

rate than during a normal operation, dirt that clogs the membrane surface may be effectively 

washed away.  Flushing is generally performed 1 to 10 times per day for 30 to 120 seconds per 10 

flush.  However, flushing for a few minutes at a time is not enough to restore the degraded 

desalting device, and cleaning with a cleaning solution is ultimately required.  Furthermore, 

when flushing is performed, the on-off valve of the concentrated water pipe is opened, and thus, 

while flushing is being performed, permeated water cannot be produced, and the recovery rate of 

the desalting device decreases. 15 

Furthermore, since a salt concentration equivalent to that of the RO feed water is insufficient to 

restore the desalting device degraded by flushing, it is preferable to perform flushing with water 

having a low salt concentration. 

[0005] Another method is to reverse the flow direction of the water to be treated in the module.  

According to this method, the turbid matter accumulated on the raw water spacer may be easily 20 

peeled off, and the stability of the desalting device is improved (Patent Documents 1 and 2).  

However, the number of valves required to reverse the flow increases significantly, significantly 

increasing the initial cost.  Furthermore, if a valve fails, the valve is unable to be switched, which 

significantly reduces the stability of the device.  Furthermore, there is no mention of the effect 

of flow reversal on the separation of scale material. 25 
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[0006] Patent Document 3 describes a method of washing scale by passing washing water 

having low concentrations of F ions, Al ions, and Na ions through the system.  In this method, 

when the ratio of a standardized permeated water amount (corrected permeated water amount) 

calculated from the flow rate, pressure, and water temperature in the reverse osmosis membrane 

treatment process to a preset initial standardized permeated water amount reaches a specified value, 5 

the passing of cleaning water is switched on.  However, it has been found that this method does 

not sufficiently restore the degraded desalting device. 

Citation List  

Patent Document  

[0007]  10 

Patent Document 1: Japanese Patent Application Laid-Open (JP-A) No. 2004-141846. 

Patent Document 2: Japanese Patent Application Laid-Open (JP-A) No. 2004-261724. 

Patent Document 3: Japanese Patent Application Laid-Open (JP-A) No. 2020-121278. 

 

SUMMARY  15 

Technical Problem  

[0008] In view of the above problems, an object of the present invention is to provide a method 

for operating a desalting device that may prevent a decrease in the desalting performance of the 

desalting device. 

Solution to Problem  20 

[0009] The method for operating a desalting device according to one aspect of the present 

invention is a method for operating a desalting device having a first desalting device and a second 

desalting device, including: a normal operation step, in which a water to be treated is supplied to 

a first desalting device and separated into a first concentrated water and a first desalted water, and 

the first concentrated water is supplied to a second desalting device and separated into a second 25 
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concentrated water and a second desalted water; and a dilute water passing operation step, in which 

a dilute water having a lower concentration than the first concentrated water is passed through the 

second desalting device before a corrected permeated water amount of the second desalting device 

is reduced. 

[0010] In one aspect of the present invention, a plurality of the second desalting devices are 5 

arranged in parallel, and while the first desalting device and some of the second desalting devices 

are performing the normal operation step, other second desalting devices perform the dilute water 

passing operation step. 

[0011] The method for operating a desalting device according to one aspect of the present 

invention is a method for operating a desalting device having a first desalting device and two 10 

second desalting devices, alternately performs: a first water passing pattern, in which a water to 

be treated is supplied to a first desalting device and separated into a first concentrated water and a 

first desalted water, the first concentrated water is supplied to one second desalting device and 

separated into a second concentrated water and a second desalted water, and a dilute water having 

a lower concentration than the first concentrated water is passed through other second desalting 15 

device; and a second water passing pattern, in which a water to be treated is supplied to a first 

desalting device and separated into a first concentrated water and a first desalted water, the first 

concentrated water is supplied to other second desalting device and separated into a second 

concentrated water and a second desalted water, and a dilute water having a lower concentration 

than the first concentrated water is passed through one second desalting device.  The first water 20 

passing pattern and the second water passing pattern are switched at a frequency of once every 30 

to 180 minutes. 

[0012] In one aspect of the present invention, a water having a dissolved salt concentration less 

than a saturation solubility is used as a dilute water. 

[0013] In one aspect of the present invention, a desalted water from the first desalting device or 25 
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from the first desalting device and the second desalting device is used as a dilute water. 

[0014] In one aspect of the present invention, a scale inhibitor is added to a dilute water. 

[0015] In one aspect of the present invention, the desalting device is a reverse osmosis 

membrane device. 

[0016] In one aspect of the present invention, a dilute water has a water temperature of 25°C or 5 

higher. 

[0017] In one aspect of the present invention, the first concentrated water has a water 

temperature of 20°C or higher, a pH of <6.0, a calcium ion concentration of 50 to 500 mg/L, an 

aluminum ion concentration of 0.01 to 0.5 mg/L, an iron ion concentration of 0.01 to 0.25 mg/L, 

and a silica concentration of 500 to 1500 mg/L. 10 

Effects of Invention  

[0018] In a normal operation step of the method for operating a desalting device of the present 

invention, the water to be treated is passed through a first desalting device so as to be separated 

into a first desalted water and a first concentrated water, and the first concentrated water is passed 

through a second desalting device so as to be separated into a second desalted water and a second 15 

concentrated water.  By passing a dilute water through the second desalting device before the 

desalting performance of the second desalting device is substantially deteriorated by performing 

the normal operation step, the desalting performance of the second desalting device may be 

prevented from being deteriorated. 

[0019] It is noted that in an aspect in which a desalted water from the first or second desalting 20 

device is used as dilute water when the second desalting device performs a flux recovery operation, 

auxiliary equipment such as a tank is not required, and the device configuration is simplified.  

Further, by using water having a low salt concentration, that is, the permeated water from the first 

desalting device, as the dilute water, the scale adhering to the second desalting device may be 

dissolved and removed more sufficiently than when the water to be treated is used as the dilute 25 
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water. 

 

BRIEF DESCRIPTION OF DRAWINGS 

[0020]  

[FIG. 1] is a flow diagram illustrating the method for operating the desalting device according 5 

to an embodiment. 

[FIG. 2] is a flow diagram illustrating the method for operating the desalting device according 

to an embodiment. 

[FIG. 3] is a flow diagram illustrating the method for operating the desalting device according 

to an example. 10 

[FIG. 4] is a flow diagram illustrating the method for operating the desalting device according 

to an example. 

[FIG. 5] is a graph showing the results of the example and the comparative example. 

 

 15 

DESCRIPTION OF EMBODIMENTS 

[0021] The first embodiment is described below with reference to FIG. 1 and FIG. 2.  In this 

embodiment, a reverse osmosis membrane device (RO device) is taken as an example of the 

desalting device, but the present invention is not limited thereto.  It is noted that the reverse 

osmosis membrane is preferably an aromatic polyamide reverse osmosis membrane, but is not 20 

limited thereto.  Examples of desalting devices other than reverse osmosis membrane devices 

include nanofiltration membrane devices, forward osmosis membrane devices, membrane 

distillation devices, electrodialysis devices, and electrodeionization devices.  Further, examples 

of water to be treated include industrial water with a salt concentration of about 10 to 5000 mg/L, 

particularly about 50 to 1000 mg/L, well water, fluoride-containing waste water, and the like, but 25 
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are not limited thereto. 

[0022] FIG. 1 and FIG. 2 show the configuration of the desalting device used in the method for 

operating the desalting device according to the embodiment.  It is noted that the flow of water 

during operation is shown by a thick solid line.  In the figure, PI denotes a pressure sensor, and 

FI denotes a flow rate sensor. 5 

[0023] In this embodiment, a first RO device 4 and a second RO device are arranged in series.  

As the second RO device, two second RO devices 21 and 22 are arranged in parallel.  In FIG. 1, 

one second RO device 21 is in a normal operation and the other second RO device 22 is in a dilute 

water passing operation, and in FIG. 2, the one second RO device 21 is in the dilute water passing 

operation and the other second RO device 22 is in the normal operation. 10 

[0024] [During operation of FIG. 1] 

As shown in FIG. 1, raw water in a raw water tank 1 is supplied to the first RO device 4 via a 

pump 2 and a pipe 3, and desalted water (permeated water) is taken out as desalted water via a 

pipe 31, a valve 32, and a pipe 33. 

[0025] The concentrated water from the first RO device 4 (first concentrated water) is supplied 15 

to the one second RO device 21 via pipes 34 and 35, a valve 36, and a pipe 37. 

[0026] The desalted water (permeated water) from the second RO device 21 is merged into the 

pipe 33 via pipes 61 and 62 and taken out as desalted water.  The concentrated water from the 

second RO device 21 is taken out as concentrated water via a pipe 63, a valve 64, a pipe 65, a 

valve 66, and a pipe 67. 20 

[0027] A pipe 38 branching from the pipe 34 is connected to a water supply port of the other 

second desalting device 22 via a valve 39 and a pipe 40.  In FIG. 1, the valve 39 is shown closed. 

[0028] The pipes 31 and 37 are connected by a pipe 41 and a valve 42.  The pipe 31 and 40 are 

connected by a pipe 43 and a valve 44.  In FIG. 1, the valve 42 is shown closed and the valve 44 

is shown open.  Thus, a part of the first desalted water from the pipe 31 is supplied to the water 25 
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supply port of the second desalting device 22 via the pipes 43 and 40, and the second desalting 

device 22 is caused to be in the dilute water passing operation. 

[0029] During the dilute water passing operation of the other second RO device 22, the desalted 

water from the other second RO device 22 is merged into the pipe 33 via the pipes 73 and 62 and 

taken out as desalted water.  The concentrated water from the second RO device 22 is returned 5 

to the raw water tank 1 via pipes 74 and 77, a valve 78, and pipes 79 and 71. 

[0030] [During operation of FIG. 2] 

Contrary to FIG. 1, in FIG. 2, the one second desalting device 21 is in the dilute water passing 

operation, and the other second desalting device 22 is in the normal operation.  In this case as 

well, raw water in the raw water tank 1 is supplied to the first RO device 4 via the pump 2 and the 10 

pipe 3, and desalted water (permeated water) is taken out as desalted water via the pipe 31, the 

valve 32, and the pipe 33. 

[0031] In FIG. 2, the valve 36 is closed and the valve 39 is open.  Thus, the concentrated water 

from the first RO device 4 (first concentrated water) is supplied to the other second RO device 22 

via the pipes 34 and 38, the valve 39, and the pipe 40. 15 

[0032] The desalted water (permeated water) from the second RO device 22 is merged into the 

pipe 33 via the pipes 73 and 62 and taken out as desalted water.  The concentrated water from 

the second RO device 22 flows through the pipes 74 and 75 and the valve 76 into the pipe 65, and 

is taken out as concentrated water. 

[0033] In addition, in FIG. 2, the valve 42 is open and the valve 44 is closed.  Thus, a part of 20 

the first desalted water from the pipe 31 is supplied to the water supply port of the one second 

desalting device 21 via the pipes 42 and 37, and the second desalting device 21 is caused to be in 

the dilute water passing operation.  The desalted water from the one second RO device 21 is 

merged into the pipe 33 via the pipes 61 and 62 and taken out as desalted water.  The concentrated 

water from the one second RO device 21 is returned to the raw water tank 1 via the pipes 63 and 25 
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68, the valve 69, and the pipes 70 and 71. 

[0034] In this way, in the method for operating the desalting device in FIG. 1 and FIG. 2, by 

operating one of the two second desalting devices 21 and 22 arranged in parallel in the normal 

operation while passing the first desalted water through the other to perform the dilute water 

passing operation, a decrease in performance of the second RO device may be prevented without 5 

stopping the desalting devices. 

[0035] In FIG. 1 and FIG. 2, one first RO device 4 and two second RO devices 21 and 22 are 

arranged, but more than one of each may be arranged.  Further, in FIG. 1 and FIG. 2, when each 

of the second RO devices 21 and 22 are in the dilute water passing operation, although the dilute 

water is separated into concentrated water and desalinated water, by closing a valve (not shown) 10 

of the desalted water flow passage, the dilute water is not separated into concentrated water and 

desalted water, and only concentrated water may be discharged from the second RO devices 21 

and 22. 

[0036] [Dilute water passing speed] 

The water passing speed of the dilute water may be appropriately determined corresponding to the 15 

clogging state of the desalting device, for example, in the case of a reverse osmosis membrane, 

the water passing speed is preferably 0.001 to 1 m/s, particularly 0.02 to 0.2 m/s.  Specifically, 

in the case of a 4-inch module, the water passing speed is preferably 300 to 2000 L/Hr per unit, 

and in the case of an 8-inch module, the water passing speed is preferably 1.8 to 10 m3/Hr per unit.  

Further, the pressure at the concentrated water discharge side of the desalting device is preferably 20 

0.1 to 2 MPa. 

[0037] [Timing of switching the second desalting device that passes dilute water] 

Before the corrected permeation flux of the second RO device decreases from the initial operation 

stage, specifically, before the same decreases by 5% or more from the initial operation stage, the 

second RO device through which the dilute water passes is switched.  It is noted that 5% is merely 25 
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an example, and any value selected from between 1% and 5% may be used.  In particular, it is 

preferable to measure the change in permeation flux of the terminal RO which is most concentrated 

in the second RO device.  The corrected permeation flux is as described in Example below. 

[0038] Rather than detecting the decrease in the corrected permeation flux, it is also possible to 

operate the one second RO devices in normal operation and the other second RO device in the 5 

dilute water passing operation for a predetermined period of time, and then switch the one second 

RO device to the normal operation and the other second RO device to the dilute water passing 

operation.  The predetermined period of time is, for example, 10 to 240 minutes, particularly 30 

to 180 minutes, for example, about 90 minutes. 

[0039] [Dilute water quality] 10 

In the above embodiment, although the first desalted water is used as the dilute water, in the 

present invention, the dilute water may be any water in which the dissolved salts are less than the 

saturation solubility.  Thus, a second desalted water (permeated water of the second RO device) 

may be used as the dilute water.  Moreover, a mixture of the permeated water from the first RO 

device or the second RO device and the raw water may be used as the dilute water.  Furthermore, 15 

a mixture of the permeated water from the first RO device or the second RO device and the first 

concentrated water may be used as the dilute water.  The saturation solubility of a dissolved salt 

is the solubility product Ksp of a scale species XY with respect to the molar concentration of X+ 

[X+] and the molar concentration of Y- [Y-], where [X+][Y-] = Ksp is satisfied. 

[0040] It is noted that, since the recovery effect of the permeated water amount is small when 20 

the temperature of the dilute water is low, the temperature of the dilute water is preferably 20°C 

or higher, particularly 25° C or higher. 

[0041] [Scale inhibitor added to dilute water] 

A scale inhibitor may be added to the dilute water.  The addition of scale inhibitor may improve 

the ability to dissolve scale and prevent dissolved scale from re-adhering. 25 
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[0042] The scale inhibitor may be appropriately selected depending on the type of desalting 

device and raw water used.  A reverse osmosis membrane device is used as the desalting device, 

and in the case of water to be treated that tends to produce calcium carbonate scale, phosphonic 

acids such as 2-phosphonobutane-1,2,4-tricarboxylic acid, copolymers of acrylic acid and 2-

acrylamido-2-methylpropanesulfonic acid, polyacrylic acid, etc. may be used, and in the case of 5 

water to be treated that tends to produce calcium fluoride scale, phosphonic acids such as 2-

phosphonobutane-1,2,4-tricarboxylic acid, polyacrylic acid, etc. may be used.  Further, the 

amount of these scale inhibitors to be added is about 10 to 1000 mg/L. 

[0043] It is noted that a pH adjuster may be added to the dilute water to improve the dissolving 

power of scale and to prevent re-adhesion of dissolved scale. 10 

[0044] [Dilute water passing direction] 

When dilute water is passed through as shown in FIG. 1, it is preferable to pass the water through 

the water supply side of the second RO device, but it may also be passed through the concentrated 

water outlet side of the second RO device.  Further, during the time that the dilute water is being 

passed through the desalting device, the recovery rate may be maintained within a range in which 15 

the concentrated water in the desalting device is less than the saturation solubility, and treated 

water may be produced while the water is being passed through the desalting device. 

[0045] In the above embodiment, the RO devices are installed in two stages, but they may be 

installed in three or more stages.  It is noted that when three or more stages are installed, it is 

preferable that the desalting device for passing the dilute water is the last one. 20 

[0046] [Water quality of first concentrated water] 

The present invention may be suitably used in cases where calcium fluoride scale or calcium 

carbonate scale is formed in the second RO device.  Specifically, the first concentrated water 

supplied to the second RO device may be suitably used in the following cases. 

Water temperature 20℃ or higher 25 

lizalam
Rectangle




File: 131140sgf_True translation 

-12- 

 

pH < 6.0 

Calcium ion concentration: 50 to 500 mg/L (preferably 100 to 250 mg/L) 

Aluminum ion concentration: 0.01 to 0.5 mg/L (preferably 0.1 to 0.25 mg/L) 

Iron ion concentration: 0.01 to 0.25 mg/L (preferably 0.1 to 0.25 mg/L) 

Silica concentration: 500 to 1500 mg/L (preferably 700 to 1200 mg/L) 5 

Example 

[0047] Using the test equipment shown in FIG. 3 and FIG. 4, a simulated raw water treatment 

operation (FIG. 3) and a dilute water passing operation to the second RO device (FIG. 4) were 

alternately performed.  It is noted that in this test, the corrected permeation flux value was used 

as the flux value. 10 

[0048] [Corrected permeation flux] 

Since the actual permeation flux is affected by operating pressure, water temperature, and salinity 

concentration in the feed water, it is desirable to specify the corrected permeation flux as data 

indicating the performance of the RO device. 

[0049] Here, the corrected permeation flux is generally calculated by the method described in 15 

the standardization method for reverse osmosis membrane element and module permeated water 

amount performance data as specified in JIS K3 8021990. 

[0050] That is, the permeated water amount performance data is corrected by the following 

Equation (1) to calculate a corrected permeation flux Fps. 

[0051] [Expression 1] 20 

( )
( )

( )

2

2

fba

fa pa fba pa

a

ps pa

fbs s

fs ps fbs ps

P
P P

TCF
F Q

P TCF
P P

 

 

 
− − − + 

 =  
 

− − − + 
 

（1）

 

[0052] Where, Qpa: permeated water amount (m3/d) under actual operating conditions 

 Pfa: Operating pressure (kPa) under actual operating conditions 
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 ΔPfba: Module differential pressure (kPa) under actual operating conditions 

 Ppa: Pressure (kPa) on the permeated water side under actual operating 

conditions 

 Πfba: Osmotic pressure (kPa) of the average solute concentration on the supply 

side and the concentrated side under actual operating conditions 5 

 TCFa: Temperature conversion coefficient under actual operating conditions 

 Pfs: Operating pressure (kPa) under standard operating conditions 

 ΔPfbs: Module differential pressure (kPa) under standard operating conditions 

 Pps: Pressure (kPa) on the permeated water side under standard operating 

conditions 10 

 Πfbs: Osmotic pressure (kPa) of the average solute concentration on the supply 

side and the concentrated side under standard operating conditions 

 TCFs: Temperature conversion coefficient under standard operating conditions 

[0053] <Desalting device configuration in FIG. 3 and FIG. 4> 

Raw water in a raw water tank 81 may be feed via a pump 82 and pipe 83.  The pipe 83 branches 15 

into pipes 84 and 85, which are connected to first RO devices 86 and 87.  The permeated water 

from the first RO devices 86 and 87 may be taken out as desalted water via pipes 88 and 89 and a 

joint pipe 90. 

[0054] The concentrated water from the first RO devices 86 and 87 is supplied to a second RO 

device 94 via pipes 91 and 92 and a joint pipe 93.  The permeated water from the second RO 20 

device 94 flows through a pipe 95 and joins the pipe 90.  The concentrated water from the second 

RO device 94 is discharged outside the system via a pipe 96. 

[0055] The dilute water in a dilute water tank 97 may be supplied to the second RO device 94 

via a pump 98, a pipe 99 and the pipe 93.  In this test example, the above desalted water was used 

as the dilute water. 25 
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[0056] FIG. 3 shows a normal raw water treatment operation with the pump 82 operating and 

the pump 98 stopped.  The raw water is subjected to RO treatment in the first RO device 86 and 

87 or further in the second RO device 94, and separated into permeated water (desalted water) and 

concentrated water. 

[0057] FIG. 4 shows a state in which the dilute water is passed through the second RO device 5 

94.  In FIG. 4, the pump 82 is stopped, only the pump 98 is operated, and the supply of raw water 

to the first RO devices 86 and 87 is stopped.  The dilute water in the dilute water tank 98 is passed 

through the second RO device 94, whereby scale of the second RO device 94 is dissolved and 

removed. 

[0058] It is noted that in FIG. 4, the permeated water is not allowed to flow into the pipe 95 10 

while the dilute water is being passed through the second RO device 94.  However, the permeated 

water may be allowed to flow into the pipe 95 while the dilute water is being passed through the 

second RO device 94. 

[0059] <Simulated raw water> 

As a simulated raw water, an aqueous solution containing calcium chloride (110 mg/L), sodium 15 

bicarbonate (70 mg/L), sodium metasilicate (1610 mg/L), aluminum chloride hexahydrate (0.45 

mg/L), ferric chloride (0.4 mg/L), and a scale inhibitor (2-phosphonobutane-1,2,4-tricarboxylic 

acid) (10 mg/L) was prepared, and further, the pH was adjusted to 5.5 with an aqueous sodium 

hydroxide solution or an aqueous sulfuric acid solution (water temperature 20°C). 

[0060] <Dilute water> 20 

As the dilute water, the permeated water obtained when the simulated raw water was passed 

through the RO device as shown in FIG. 3 was used.  The scale inhibitor was added at 10 mg/L. 

[0061] [Example 1] 

The above-mentioned simulated raw water and simulated dilute water were passed through the 

desalting device of FIG. 3 and FIG. 4. 25 
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[0062] <Water passing order> 

Simulated raw water passing step (FIG. 3): Simulated raw water was passed through the reactor 

so that the initial permeation flux was 0.45 m/D and the water flow rate was 0.1 m/s, and the 

operation was carried out for 90 minutes with a recovery rate of 73%.  (The corrected permeation 

flux did not decrease substantially after 90 minutes of operation.) 5 

Dilute water passing step (FIG. 4): After carrying out the simulated raw water passing step for 90 

minutes, the dilute water was passed through for 30 minutes at the same pressure and water passing 

amount as in the simulated raw water passing step.  Then, the process returned to the simulated 

raw water passing step shown in FIG. 3. 

[0063] [Comparative Example 1] 10 

In the simulated raw water passing step of FIG. 3, the simulated raw water passing in FIG. 3 and 

the dilute water passing in FIG. 4 were alternately conducted in the same manner as in Example 

1, except that the passing was switched to the dilute water passing (passing for 30 minutes) in FIG. 

4 when the ratio of the flux to the initial standardized permeated water amount reached 90%. 

[0064] [Results and Discussion] 15 

The ratio F/F0 of the flux F of the second RO device 94 immediately before the end of the 

simulated raw water passing step to the initial flux F0 is shown in FIG. 5 as the “corrected 

permeated water amount ratio.” As shown in FIG. 5, by performing the dilute water passing step 

before the flux of the RO membrane decreases, as in Example 1, the performance of the RO 

membrane may be prevented from decreasing.  In contrast, when the ratio of the flux to the initial 20 

standardized permeated water amount reaches 90%, a degraded desalting device is unable to fully 

recover the performance thereof when it is switched to the passage of the dilute water 

(Comparative Example 1). 

[0065] Although the present invention has been described in detail with reference to a particular 

aspect, it is apparent to a person skilled in the art that various modifications can be made therein 25 
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without departing from the spirit and scope of the present invention. 

The present application is based on Japanese Patent Application No. 2022-032755 filed on March 

3, 2022, which is incorporated herein by reference in its entirety. 

Reference Signs List 

[0066]  5 

1 Raw water tank 

4 First RO device 

21, 22 Second RO device 

81 Raw water tank 

86, 87 First RO device 10 

94 Second RO device 

97 Dilute water tank 
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WHAT IS CLAIMED IS: 

[Claim 1] 

A method for operating a desalting device having a first desalting device and a second 

desalting device, comprising: 

a normal operation step, in which a water to be treated is supplied to a first desalting device 5 

and separated into a first concentrated water and a first desalted water, and the first concentrated 

water is supplied to a second desalting device and separated into a second concentrated water and 

a second desalted water; and 

a dilute water passing operation step, in which a dilute water having a lower concentration 

than the first concentrated water is passed through the second desalting device before a corrected 10 

permeated water amount of the second desalting device is reduced. 

[Claim 2] 

The method for operating the desalting device according to claim 1, wherein a plurality of 

the second desalting devices are arranged in parallel, and while the first desalting device and some 

of the second desalting devices are performing the normal operation step, other second desalting 15 

devices perform the dilute water passing operation step. 

[Claim 3] 

The method for operating the desalting device according to claim 1, which is a method for 

operating a desalting device having a first desalting device and two second desalting devices, 

alternately performing: 20 

a first water passing pattern, in which a water to be treated is supplied to a first desalting 

device and separated into a first concentrated water and a first desalted water, the first concentrated 

water is supplied to one second desalting device and separated into a second concentrated water 

and a second desalted water, and a dilute water having a lower concentration than the first 

concentrated water is passed through other second desalting device; and 25 
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a second water passing pattern, in which a water to be treated is supplied to a first desalting 

device and separated into a first concentrated water and a first desalted water, the first concentrated 

water is supplied to other second desalting device and separated into a second concentrated water 

and a second desalted water, and a dilute water having a lower concentration than the first 

concentrated water is passed through one second desalting device, 5 

wherein the first water passing pattern and the second water passing pattern are switched at 

a frequency of once every 30 to 180 minutes. 

[Claim 4] 

The method for operating the desalting device according to any one of claims 1 to 3, wherein 

a water having a dissolved salt concentration less than a saturation solubility is used as a dilute 10 

water. 

[Claim 5] 

The method for operating the desalting device according to any one of claims 1 to 3, wherein 

a desalted water from the first desalting device or from the first desalting device and the second 

desalting device is used as a dilute water. 15 

[Claim 6] 

The method for operating the desalting device according to any one of claims 1 to 5, wherein 

a scale inhibitor is added to a dilute water. 

[Claim 7] 

The method for operating the desalting device according to any one of claims 1 to 6, wherein 20 

the desalting device is a reverse osmosis membrane device. 

[Claim 8] 

The method for operating the desalting device according to any one of claims 1 to 7, wherein 

a dilute water has a water temperature of 25°C or higher. 

[Claim 9] 25 
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The method for operating the desalting device according to any one of claims 1 to 8, wherein 

the first concentrated water has a water temperature of 20°C or higher, a pH of <6.0, a calcium 

ion concentration of 50 to 500 mg/L, an aluminum ion concentration of 0.01 to 0.5 mg/L, an iron 

ion concentration of 0.01 to 0.25 mg/L, and a silica concentration of 500 to 1500 mg/L. 
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