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A ?ltering apparatus having a vessel and a ?lter made from 
?uororesin and treated before ?ltering operation by at least 
one of adding thermal treatment in gas or liquid and pen 

etrating With ?uid composed of hot Water or steam at a 

temperature of less than melting point of the ?uororesin. 
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FILTERING APPARATUS, BACK WASH METHOD 
THEREFOR, FILTERING DEVICE AND POWER 

PLANT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from the prior Japanese Patent Applica 
tions No. 2001-24855 ?led on Jan. 31, 2001, and No. 
2001-79375 ?led on Mar. 19, 2001, the entire contents of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates to a ?ltering apparatus and a 
?ltering device for removing suspended solid contained in 
hot Water and a poWer plant in Which the ?ltering apparatus 
or the ?ltering device is installed. 

[0004] 2. Description of the Related Art 

[0005] Conventionally, in a case of removing suspended 
solid generated from structural material or piping material 
by a condenser in a poWer plant, especially removing iron 
oxide, holloW ?ber ?lter apparatus made from polyethylene 
is used before heating feedWater. Moreover, for removing 
suspended solid in hot Water after heating feedWater, a 
metallic ?lter or an electromagnetic ?lter, etc., is used. For 
example, it is shoWn in Japanese Patent Disclosure (Koukai) 
No. H10-339793. 

[0006] HoWever, by using a ?ltering apparatus With the 
?lter mentioned above, although a ?lter or a ?ltration 
material Which has the mechanism to reduce concentration 
of the suspended solid is installed for suppressing prevention 
of heat transmission and corrosion inside of piping, since 
heat-resistant temperature of the above-mentioned holloW 
?ber ?lter apparatus made from polyethylene is about 60 
degrees Centigrade, it cannot be applied to a feedWater 
heater. In addition, the suspended solid Which exists in 
feedWater is also generated in the feedWater heater. 

[0007] Moreover, a metal ?lter has subjects that it is 
chemically unstable, and a used metallic material may begin 
to dissolve and corrode or form an oxide ?lm, and thus pores 
of the ?lter may be blocked. Furthermore, an electromag 
netic ?lter has deferriZation performance that is greatly 
in?uenced by quality of the suspended solid. 

[0008] In regard to a general heat-resistant ?lter module 
composed of a holloW porosity ?lm, a manufacturing 
method composed of pouring resins of loW viscosity, such as 
an epoxy resin, a urethane resin, and a silicone resin, into the 
gap of an outer case and the holloW porosity ?lm and heating 
the resin to harden is learned. For example, it is shoWn in 
Japanese Patent Publication (Koukoku) No. S44-5526, and 
Japanese Patent Publication (Koukoku) No. S56-40602. 

[0009] HoWever, even if the holloW porosity ?lm itself is 
a material having sufficient performance from a vieWpoint of 
heat-resistance and elution, the amount of elution from these 
resins used as an encapsulant is large and inadequate, and it 
is dif?cult to apply these resins to a ?lter for removing 
suspended solid from hot Water in the temperature of over 
100 degrees Centigrade, such as feedWater or heater drain of 
a poWer plant Whose Water quality is highly managed. 
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[0010] In order to solve this problem, it is proposed a 
method of manufacturing a ?lter module, With heat-resis 
tance and little elution, made from only ?uororesin as the 
holloW porosity ?lm and to seal the holloW porosity ?lter 
With a thermoplastic ?uororesin. For example, it is shoWn in 
Japanese Patent Publication (Touroku) No. 2993217. 

[0011] FIG. 21 is a sectional vieW shoWing an example of 
a seal portion of a ?lter module of the holloW porosity ?lm 
obtained by the above-mentioned conventional method. 

[0012] As shoWn in FIG. 21, in a ?lter module 104 of the 
holloW porosity ?lm, a holloW porosity ?lm 102 made from 
polytetra?uoroethylene (PTFE), Which is a kind of ?uo 
roresin, is settled inside of an outer case 101 and sealed With 
polytetra?uoroethylene-hexa?uoropropylene copolymer 
(FEP) to form a support portion 103 of FEP. The outer case 
101 can be made from metals, such as stainless steel, PTFE, 
PEP, etra?uoroethylene-per?uoroalkylvinylether copolymer 
(PFA), etc. FEP and PFA of ?uororesins are suitable for a 
thermoplastic resin Which can be used as an encapsulant. 

[0013] By this method, since a ?lter module can be 
composed of metal and ?uororesin only, or ?uororesin only, 
from a vieWpoint of necessary condition of heat-resistance 
and elution required as a ?lter for dissociating suspended 
solid contained in the hot Water of a poWer plant, this ?lter 
is improved rather than a conventional ?lter having the 
above-mentioned problem. 

[0014] By the Way, in order to prevent loWering of heat 
conductivity by extraction and precipitation of suspended 
solid or a dissolution component contained in Water to 
piping, or to prevent vibration of a pump, in the above 
mentioned conventional poWer plant, a ?ltering apparatus or 
a desalination equipment is installed to remove suspended 
solid and ions in-the Water. 

[0015] By installing a ?ltering apparatus composed of the 
above-mentioned ?lter made from polyethylene, suspended 
solid in condensate at loW temperature can be removed, 
hoWever, the ?lter made from polyethylene is not applicable 
for removing suspended solid generated in hot Water at a 
temperature of not less than 100 degrees Centigrade because 
heat-resistant temperature of the polyethylene ?lter is loW. 

[0016] Moreover, the metallic ?lter applied to feedWater at 
a temperature of over 100 degrees Centigrade tends to be 
chemically unstable and clogged up With deposit of solid 
substances, and it may pollute Water by elution from the 
?lter material in vieW of standard Water quality control, 
therefore applying the metallic ?lter to hot Water is dif?cult. 

[0017] On the other hand, the electromagnetic ?lter has 
loW ?ltering performance because it can remove only mag 
netiZed suspended solid, and it is dif?cult for the electro 
magnetic ?lter to reproduce the ?lter for removing dissoci 
ated suspended solid. 

[0018] Furthermore, the ?lter shoWn in FIG. 21 cannot 
avoid heat cycles for treating hot Water of a poWer plant, and 
the ?lter module 104 tends to be damaged due to expansion 
and contraction and exfoliation of the outer case 101 and the 
support portion 103, because of differences of their materials 
and their thermal expansion coefficients. 

[0019] Moreover, in a ?lter applied as an object for 
condensate ?ltering, back Wash operation to reproduce hol 
loW ?bers Which constitute the ?lter is performed. In this 
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case, by using a fact that gas cannot pass through the ?lm at 
a pressure Which is lower than a bubble point, Which is the 
minimum pressure at Which the gas can pass through the 
?lm, a method of removing suspended solid deposited on a 
surface of the ?lm by pressing at certain pressure Which is 
loWer than the bubble point to push out Water in the upper 
space of the ?ltering apparatus is adopted. 

[0020] On the other hand, a hydrophobic ?lter applied to 
such as a poWer plant must be made hydrophilic by using 
alcohol, etc. before use. Although the above-mentioned 
conventional method of back Wash can be applied if the 
bubble point is more than the pressure at the back Wash 
process, if packed material or a ?lm constituting the ?lter 
has loW bubble point, passing through gas in back Wash 
makes it hydrophobic and thus it needs to be made hydro 
philic. Moreover, puri?cation process of the system takes 
additional time and medical ?uid processing is also neces 
sary. 

[0021] Moreover, the back Wash process of the ?lter used 
at high temperature cannot be carried out at the high 
temperature, so it needs cooling process before the back 
Wash process and heating process before restarting. There 
fore, it needs to be furnished for cooling and heating, and it 
additionally takes long time to restart the ?lter because long 
cooling time and long heating time is included. 

[0022] In the above-mentioned conventional ?ltering 
apparatus, there are several aWaiting solution. That is, the 
holloW ?ber ?lter made from polyethylene cannot be applied 
to a feedWater heater because its heat-resistant temperature 
is about 60 degrees Centigrade, and the metal ?lter is 
chemically unstable and its used metallic material dissolves 
and its pores may be blocked due to corrosion in proportion 
to forming an oxide ?lm, and the electromagnetic ?lter has 
deferriZation performance that is greatly in?uenced by qual 
ity of the suspended solid. 

[0023] Furthermore, the ?lter shoWn in FIG. 21 cannot 
avoid heat cycles for treating hot Water of a poWer plant, and 
the holloW porosity ?lm 102 tends to be damaged due to 
expansion and contraction of the outer case 101 and the 
support portion 103 Whose thermal expansion coefficients 
differ each other, and thus pollution of Water quality is 
occurred due to the base of the ?lter. And it is dif?cult to 
reproduce the ?lter, thus it is dif?cult to use as a ?lter for 
removing suspended solid contained in hot Water of a poWer 
plant in Which highly management of Water quality and 
long-term stable performance are needed. 

[0024] And in the conventional back Wash method of a 
?ltering apparatus, if the bubble point of packed material or 
a ?lm constituting the ?lter is loW, making the ?lter hydro 
philic is necessary because passing gases in the back Wash 
process makes the ?lter hydrophobic. And excessive puri 
?cation process of the system and medical ?uid processing 
are also needed. 

[0025] Moreover, it needs cooling before the back Wash 
process and heating before restarting because it cannot back 
Wash the ?lter used in high temperature circumstance With 
out cooling, so it needs time and additional facilities for 
cooling and heating and it takes long time up to restarting. 

[0026] Recently it is found that ?uororesin is chemically 
stable under hot Water especially With the temterature of 
over 150 degrees Centigrade. HoWever, since the ?uororesin 
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?lter is manufactured by pulling ?lter base element, if the 
?uororesin ?lter contacts With hot Water in ?ltering opera 
tion, the ?uororesin ?lter tends to deformed and the perme 
ability of the ?uororesin is loWered and damaged because of 
heat cycle. 

SUMMARY OF THE INVENTION 

[0027] Accordingly, an object of this invention is to pro 
vide a ?ltering apparatus Which is chemically stable and a 
back Wash method for a ?ltering apparatus, for removing 
suspended solid contained in hot Water properly Without 
considering elution from the ?lter, for satisfying Water 
quality control because the amount of the elution is little, 
and for preventing damages of the ?lter and loWering of 
permeability of the ?lter because of the heat cycle. 

[0028] Another object of this invention is to provide a 
?ltering device Which does not need complex system and 
additional process to make the ?lter hydrophilic in every 
back Wash operation, for back Washing at high temperature 
and With convenient system structure. 

[0029] Still another object of this invention is to provide a 
poWer plant for removing the suspended solid contained in 
hot Water such as feedWater or heater drain by applying the 
above-mentioned ?ltering apparatus or ?ltering device. 

[0030] Additional purposes and advantages of the inven 
tion Will be apparent to persons skilled in this ?eld from the 
folloWing description, or may be learned by practice of the 
invention. 

[0031] According to an aspect of this invention, there is 
provided a ?ltering apparatus including, a vessel adapted for 
connecting a feed inlet line for introducing feed into the 
vessel and a ?ltrate outlet line for letting ?ltrate ?oW out of 
the vessel, a ?lter contained in the vessel for ?ltering the 
feed to let ?ltered feed ?oW as the ?ltrate, and the ?lter being 
made of ?uororesin to Which thermal treatment is added 
beforehand by at least one of heating the ?lter in at least one 
of gas and liquid and penetrating the ?lter through perme 
ation ?uid composed of at least one of hot Water and steam. 

[0032] According to an aspect of this invention, there is 
provided a method of manufacturing a ?ltering apparatus, 
including, making a ?lter for ?ltering feed from ?uororesin, 
adding thermal treatment to the ?lter by at least one of 
heating the ?lter in at least one of gas and liquid and 
penetrating the ?lter through permeation ?uid composed of 
one of hot Water and steam, and after the adding of thermal 
treatment to the ?lter arranging the ?lter in a vessel adapted 
for connecting a feed inlet line for introducing the feed into 
the vessel and a ?ltrate outlet line for letting ?ltrated feed 
?oW as ?ltrate out of the vessel. 

[0033] According to another aspect of this invention, there 
is provided a back Wash method for back Washing a ?ltering 
apparatus composed of a vessel and a ?lter made from 
?uororesin to Which thermal treatment is added by using at 
least one of gas and liquid beforehand, the vessel being 
composed of a ?rst compartment in Which the ?lter is 
contained to ?lter feed in a ?ltering operation and a second 
compartment positioned above the ?rst compartment to 
contain ?ltered feed as ?ltrate in the ?ltering operation, the 
back Wash method including, ?rst back Washing the ?lter 
composed of, supplying back Wash rinse ?uid composed of 
at least one of Water, air and steam into the ?ltering 
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apparatus from the second compartment side of the ?ltering 
apparatus, passing the back Wash rinse ?uid through the 
?lter, and discharging the back Wash rinse ?uid out of the 
?ltering apparatus; and second back Washing the ?lter 
composed of, supplying back Wash Water into the ?ltering 
apparatus from the ?rst compartment side of the ?ltering 
apparatus, passing the back Wash Water through the ?lter, 
and discharging the back Wash Water out of the ?ltering 
apparatus from the second compartment side of the ?ltering 
apparatus. 

[0034] According to another aspect of this invention, there 
is provided a ?ltering device including, a ?ltering apparatus 
composed of a vessel With a ?ltrate accumulation space 
provided in an upper side thereof and a ?lter contained in the 
vessel, a feed inlet line for introducing feed into the ?ltering 
apparatus, a ?ltrate outlet line for letting ?ltrate ?oW out of 
the ?ltering apparatus, the ?lter ?ltering the feed to let 
?ltered feed ?oW as the ?ltrate, a back Wash tank for storing 
back Wash Water to be supplied into the ?ltering apparatus 
With a partition Which easily passes liquid component and 
hardly passes gas component to separate the back Wash tank 
into a ?rst compartment and a second compartment, the ?rst 
compartment being adapted for connecting a gas supply line 
capable of controlling gas pressure and for supplying the gas 
to the ?ltering apparatus, and a make-up Water supply line 
for supplying the back Wash Water to the ?ltering apparatus, 
and the second compartment being connected to the ?ltrate 
accumulation space of the ?ltering apparatus. 

[0035] According to still another aspect of this invention, 
there is provided a ?ltering device including, a ?ltering 
apparatus composed of a vessel With a ?ltrate accumulation 
space provided in an upper side thereof and a ?lter contained 
in the vessel, a feed inlet line for introducing feed into the 
?ltering apparatus, a ?ltrate outlet line for letting ?ltrate ?oW 
out of the ?ltering apparatus, the ?lter ?ltering the feed to let 
?ltered feed ?oW as the ?ltrate, a drain line for discharging 
?uid in a loWer side of the ?ltering apparatus out of the 
?ltering apparatus from an inlet side of the feed, and a cooler 
installed in the drain line for cooing the discharging ?uid. 

[0036] According to still another aspect of this invention, 
there is provided a poWer plant including, a steam generator 
for generating steam from feedWater, a turbine driven by the 
steam supplied from the steam generator, a condenser for 
condensing the steam eXtracted from the turbine into con 
densate, a feedWater line for supplying the condensate from 
the condenser to the steam generator as the feedWater, a 
heater for heating the feedWater ?oWing in the feedWater 
line, a heater drain line for supplying drain discharged from 
the heater to the feedWater line, and any of the above 
mentioned ?ltering apparatus and the above-mentioned ?l 
tering device installed in at least one of the feedWater line 
and the heater drain line. 

BRIEF DESCRIMINATION OF THE DRAWINGS 

[0037] Amore complete appreciation of the invention and 
many of the attendant advantages thereof Will be readily 
obtained as the same becomes better understood by refer 
ence to the folloWing detailed description When considered 
in connection With the accompanying draWings Wherein: 

[0038] FIG. 1 is a basic block diagram shoWing a ?ltering 
apparatus of a ?rst embodiment of this invention; 
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[0039] FIG. 2A and 2B are basic block diagrams shoWing 
eXamples of this embodiment While the ?uororesin ?lter 3 is 
formed in holloW shape installed in the tank 2, FIG. 2A 
shoWs an eXample that the holloW ?uororesin ?lter is 
installed in the shape of character U, and FIG. 2B shoWs an 
eXample that the holloW ?uororesin ?lter is installed in the 
shape of character I; 

[0040] FIG. 3 is a basic block diagram shoWing an 
eXample of this embodiment While the ?uororesin ?lter 
installed in the tank is formed in the shape of pleats; 

[0041] FIG. 4 is a basic block diagram shoWing a ?ltering 
apparatus of a second embodiment of this invention; 

[0042] FIG. 5 is a basic cross sectional vieW of a prepar 
ing equipment of a ?lter module of a ?ltering apparatus of 
a third embodiment of this invention; 

[0043] FIG. 6 is a graph shoWing relation betWeen the 
pressure difference and the permeability concerning a ?lter 
penetrating hot Water Without thermal treatment of the ?lter 
module and a ?lter penetrating hot Water With heated hold 
ing for 1 hour in an atmosphere (air A) at a temperature of 
200 degrees Centigrade by using the preparing equipment 
shoWn in FIG. 5; 

[0044] FIG. 7 is a basic cross sectional vieW of a prepar 
ing equipment of a ?lter module of a ?ltering apparatus of 
a fourth embodiment of this invention; 

[0045] FIG. 8 is a graph shoWing change of ?uorine 
elution velocity at the time of the ?lm immersion in hot 
Water by using an autoclave; 

[0046] FIG. 9 is a sectional vieW shoWing a module seal 
portion of a ?ltering apparatus of a ?fth embodiment in this 
invention; 
[0047] FIG. 10 is a sectional vieW shoWing module seal 
portion of a ?ltering apparatus of a siXth embodiment of this 
invention; 
[0048] FIG. 11 is a schematic block diagram shoWing a 
?ltering device of a seventh embodiment of this invention; 

[0049] FIG. 12 is a schematic block diagram shoWing a 
?ltering device of an eighth embodiment of this invention; 

[0050] FIG. 13 is a schematic block diagram shoWing a 
?ltering device of a ninth embodiment of this invention; 

[0051] FIG. 14 is a basic block diagram shoWing a poWer 
plant of a tenth embodiment of this invention; 

[0052] FIG. 15 is a basic block diagram shoWing a poWer 
plant of a eleventh embodiment of this invention; 

[0053] FIG. 16 is a basic block diagram shoWing a poWer 
plant of a tWelfth embodiment of this invention; 

[0054] FIG. 17 is a basic block diagram shoWing a poWer 
plant of a thirteenth embodiment of this invention; 

[0055] FIG. 18 is a basic block diagram shoWing a poWer 
plant, Which is a eXample of installing a ?ltering apparatus 
of any of the above-mentioned ?rst through ninth embodi 
ment in a boiling Water reactor (BWR) poWer plant; 

[0056] FIG. 19 is a basic block diagram shoWing a poWer 
plant, Which is a eXample of installing a ?ltering apparatus 
of any of the above-mentioned ?rst through ninth embodi 
ment in a pressuriZed Water reactor (PWR) poWer plant; 
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[0057] FIG. 20 is a basic block diagram showing a power 
plant, Which is a example of installing a ?ltering apparatus 
of any A of the above-mentioned ?rst through ninth embodi 
ment in a thermal poWer plant; and 

[0058] FIG. 21 is a sectional vieW shoWing an example of 
a seal portion of a ?lter module of the holloW porosity ?lm 
obtained by a conventional method. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0059] Referring noW to the draWings, Wherein like ref 
erence numerals designate identical or corresponding parts 
throughout the several vieWs, the embodiments of this 
invention Will be described beloW. 

First Embodiment 

[0060] FIG. 1 is a basic block diagram shoWing a ?ltering 
apparatus of a ?rst embodiment of this invention. As shoWn 
in FIG. 1, a ?ltering apparatus 1 has a tank 2 as a vessel 
having a ?lter 3 made of ?uororesin inside, and feed inlet 
line 4 a into Which feed ?oWs is connected to the bottom of 
the tank 2, and ?ltrate outlet line 4b from Which ?ltrate is 
discharged is connected to the upper part of the tank 2. Here, 
the feed is a solution before ?ltering operation by the ?lter 
3, and the ?ltrate is ?ltered feed by the ?lter 3. 

[0061] The feed inlet line 4a is, for example, a feedWater 
line Which connects a condenser of a poWer plant to a reactor 

pressure vessel or a steam generator (not illustrated), Which 
contains suspended solids, such as iron, during Water feed 
mg. 

[0062] Moreover, the ?uororesin ?lter 3 made of a poly 
tetra?uoroethylene (PTFE) resin is formed in holloW shape 
or the shape of pleats, and a plurality of pores Whose 
diameter are in the range betWeen 0.01 micrometer and 5 
micrometer are made on the surface of the ?lter 3. In 
addition, more preferable range of the diameter is betWeen 
0.05 micrometer and 0.45 micrometer. 

[0063] Furthermore, the ?uororesin ?lter 3 is a ?lter to 
Which thermal treatment for 1 hour or more in hot Water or 
gas at a temperature of exceeding or near the service 
temperature of the ?uororesin ?lter 3 is added beforehand. 

[0064] FIGS. 2A and 2B are basic block diagrams shoW 
ing examples of this embodiment While the ?uororesin ?lter 
3 is formed in holloW shape installed in the tank 2. FIG. 2A 
shoWs an example that the holloW ?uororesin ?lter is 
installed in the shape of character U, and FIG. 2B shoWs an 
example that the holloW ?uororesin ?lter is installed in the 
shape of character I. 

[0065] In FIG. 2A, the holloW ?uororesin ?lter 3a is 
installed in the shape of character U by the both ends of the 
holloW ?uororesin ?lter 3a being held by a seal portion 5. 

[0066] And in FIG. 2B, the holloW ?uororesin ?lter 3a is 
installed in the shape of character I by the end of the holloW 
?uororesin ?lter 3a being held by a seal portion 5. 

[0067] The seal portion 5 holding the holloW ?uororesin 
?lter 3a is arranged at the upper part in the tank 2, it has a 
function as a diaphragm of the feed and the ?ltrate. The 
material of the seal portion 5 is chosen from materials Which 
have durability in high temperature Water, for example, 
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stainless steel or tetra?uoroethylene-hexa?uoropropylene 
copolymer resin (FEP), or tetra?uoroethylene-per?uoro 
alkylvinylether copolymer resin (PFA). 

[0068] FIG. 3 is a basic block diagram shoWing an 
example of this embodiment While the ?uororesin ?lter 
installed in the tank 2 is formed in the shape of pleats. As 
shoWn in FIG. 3, the pleats-type ?uororesin ?lter 3b is ?xed 
by one end of the ?lter 3b being held by a seal portion 5, and 
another end of the ?lter 3b being ?xed by a pleats-type ?lter 
?xing plate 7 supported by a pleats-type ?lter support plate 
6. 

[0069] Next, a function of this embodiment is explained. 
For example, feed discharged from a condenser of a poWer 
plant ?oWs in the tank 2 through the feed inlet line 4a, and 
in this tank 2, the feed is ?ltrated With the ?uororesin ?lter 
3, Which is similar for the holloW ?uororesin ?lter 3a or the 
pleats-type ?uororesin ?lter 3b. 

[0070] Here, since many pores of the diameter betWeen 
0.01 micrometers and 5 micrometers are arranged on the 
?uororesin ?lter 3, a suspended solid component Whose 
diameter is more than the diameter of the pore is collected 
on the surface of the ?uororesin ?lter 3. Thus, the ?ltrate is 
supplied to a feedWater line (not illustrated) through the 
?ltrate outlet line 4b from the upper part of the tank 2. 

[0071] Thus, according to the ?ltering apparatus 1 of this 
embodiment, by arranging the ?lter 3 made of ?uororesin 
Which ?ltrates the feed in the tank 2, it is durable under hot 
Water, and suspended solid contained in the hot Water, 
especially at a temperature of exceeding 150 degrees Cen 
tigrade, can be removed certainly. 

[0072] For example, if the ?uororesin ?lter is added ther 
mal treatment by soaking the ?lter in hot Water at a tem 
perature of 200 degrees Centigrade before ?ltering opera 
tion, the concentration of ?uorine Which elutes from the 
?uororesin is not exceeding 100 ppt, Which is not in the 
extent causing corrosion of piping components, thus the 
Water quality of the ?ltrate can be kept adequate, and the 
suspended solid can be reduced. 

[0073] Moreover, by using a heat-treated ?lter Which is 
heated in hot Water or gas at a temperature of exceeding or 
near the service temperature for 1 hour or more as the 
?uororesin ?lter 3, it can reduce impurities Which elute from 
the ?lter material and keep adequate Water quality of the 
?ltrate. 

[0074] In addition, though in this embodiment tetra?uo 
roethylene resin is used as a material of the ?uororesin ?lter 
3, ?uororesins other than this can be applied. 

Second Embodiment 

[0075] FIG. 4 is a basic block diagram shoWing a ?ltering 
apparatus of a second embodiment of this invention. In this 
embodiment, While using the reference number same used in 
the above-mentioned ?rst embodiment to an identical or 

corresponding portion of the ?rst embodiment, only differ 
ent composition and different effect from the above-men 
tioned ?rst embodiment are explained. And in this embodi 
ment, inside structure of a tank 2 in this embodiment is the 
same as the above-mentioned ?rst embodiment. 

[0076] In this embodiment, in order to remove suspended 
solid adhering to surface of the ?uororesin ?lter 3, back 
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Wash equipment Which enables back Wash operation by 
using back Wash rinse ?uid composed of at least one of 
Water, air, and steam, is installed. 

[0077] That is, as shoWn in FIG. 4, one end of a back Wash 
line 8 for sending back Wash rinse ?uid into the tank 2 is 
connected to the upper part of the tank 2, and the other end 
of the back Wash line 8 is connected to a back Wash 
equipment 9. Aback Wash line 8a connects the loWer part of 
the tank 2 to the back Wash equipment 9. And a ?uid 
discharge line 10 for discharging the back Wash rinse ?uid, 
etc., out of the tank 2 is connected to one compartment under 
?ltrate accumulation space that is in the upper part of the 
tank 2. 

[0078] Moreover, at the loWer part of the tank 2, one end 
of a scrubbing air supply line 11 for supplying scrubbing air 
to the tank 2 is prolonged to the inside of the tank 2, and a 
scrubbing air supply equipment 12 is connected to the 
another end of the scrubbing air supply line 11. 

[0079] And a ?uid discharge line 13 for discharging ?uid 
in the ?ltrate accumulation space of the tank 2 is connected 
to the upper part of the tank 2, and a drain line 14 for 
discharging suspended solid that precipitates at the bottom 
of the tank 2 is connected to the bottom of the tank 2. 

[0080] Next, a function of this embodiment is explained. 
Suspended solid contained in feed adheres to the surface of 
the ?uororesin ?lter 3. If the ?ltering process is continued 
Without removing the suspended solid, since pressure loss 
inside of the tank becomes large, the pressure balance 
betWeen at the entrance part of the tank 2 and at the exit part 
of the tank 2 becomes large, Which blocks ?oW of the feed, 
therefore, the amount of ?ltration per unit period and ?lter 
ing ef?ciency become to loWer. Moreover, a part of sus 
pended solid is pushed aWay and becomes a factor to Worsen 
the Water quality at the exit part of the tank 2. 

[0081] Then, in order to keep the ?oW rate and Water 
quality of the ?ltrate adequate, it is necessary to stop pouring 
the feed through the ?ltering apparatus 1 at the time the 
pressure balance is reached to a predetermined level, and 
afterWard to remove the suspended solid adhered to the 
surface of the ?uororesin ?lter 3 by using the back Wash 
rinse ?uid such as Water, air, and steam. 

[0082] The ?ltering apparatus 1 is separated into a ?rst 
compartment to contain feed to be ?ltered by the ?lter 3 in 
the ?ltering operation and a second compartment, Which is 
above the ?rst compartment, to contain ?ltrate in the ?ltering 
operation. In this embodiment, tWo back Wash operations 
described beloW are carried out toWard the ?ltering appara 
tus 1 With the above-mentioned composition by stopping the 
?ltering operation. 

[0083] That is, after stopping pouring the feed from the 
feed inlet line 4a to the tank 2 by closing a valve (not 
illustrated) installed in the feed inlet line 4a, as a ?rst back 
Wash operation, back Wash rinse ?uid composed of at least 
one of Water, air, and steam is supplied into the second 
compartment side of the tank 2 from the back Wash equip 
ment 9 through the back Wash line 8, thus the supplied rinse 
?uid runs through the ?uororesin ?lter 3 in the ?rst com 
partment side and is discharged through the ?uid discharge 
line 10 With accompanying the suspended solid Which 
adhered to the surface of the ?uororesin ?lter 3. By this ?rst 
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back Wash operation, the suspended solid, Which adhered to 
the surface of the ?uororesin ?lter 3, is removed. 

[0084] Moreover, as a second back Wash operation, back 
Wash Water is supplied into the ?rst compartment side of the 
tank 2 through the back Wash line 8a from the back Wash 
equipment 9, and passed through the ?uororesin ?lter 3, and 
the supplied Water is discharged through the ?uid discharge 
line 13 or the ?ltrate outlet line 4b of the ?rst compartment 
side of the tank 2. At this moment, the in?oW amount is 
arranged so that generated pressure difference betWeen the 
go ?rst compartment side and the second compartment side 
in the tank 2 is more than bubble point of the ?uororesin 
?lter 3. The bubble point is a necessary pressure difference 
betWeen the ?rst compartment and the second compartment 
for ventilating air through a ?lm of the ?lter 3 When the ?lm 
is damped With alcohol. By adjusting the ?oW of the back 
Wash Water so that the pressure difference is not less than the 
bubble point of the ?lter 3 by relatively increasing the 
pressure of the upstream Water, that is, the pressure of the 
?rst compartment, it makes easier to ?oW the Water from the 
?rst compartment side to the second compartment side, and 
the second back Wash operation is properly carried out. 

[0085] Moreover, by experiments for the ?uororesin ?lter 
3 Whose bubble point is 0.1 MPa, it is con?rmed that by 
setting the pressure difference betWeen the ?rst compartment 
and the second compartment to not less than 0.2 MPa, the 
proper second back Wash operation can be carried out 
remarkably. Thus it is more preferable that the pressure 
difference is more than tWice as large as the bubble point. 

[0086] This second back Wash operation can recover the 
permeability that tends to loWer. Moreover, soundness of the 
?uororesin ?lter can be con?rmed. 

[0087] It is preferable that the second back Wash operation 
is carried out after the ?rst back Wash operation, and it is 
more preferable that a scrubbing operation, Which is 
explained beloW, is additionally carried out after the ?rst 
back Wash operation and before the second back Wash 
operation. 
[0088] That is, as the scrubbing operation, scrubbing air is 
supplied into the tank 2 through the scrubbing air supply line 
11 from the scrubbing air supply equipment 12 and dis 
charged through the ?uid discharge line 10, therefore the 
?uororesin ?lter 3 ?uctuates and then suspended solid 
adhered to the surface of the ?uororesin ?lter 3 is removed 
by the shaking of the ?lter. And the suspended solid removed 
from the surface of the ?uororesin ?lter 3 and precipitated at 
the bottom of the tank 2 is discharged through the drain line 
14. 

[0089] In addition, in this embodiment, both holloW-like 
?uororesin ?lter 3a and pleats-type ?uororesin ?lter 3b are 
applicable. Moreover, it is also applicable to install chemical 
Wash equipment for cleaning the ?lter With chemicals 
instead of the back Wash equipment 9 in this embodiment. 
The chemicals used in this chemical Wash equipment are, for 
example, hydrogen peroxide, or acid such as hydrochloric 
acid, sulfuric acid, nitric acid, and oxalic acid, or alkali such 
as sodium hydroxide. 

[0090] Thus, according to this embodiment, by back Wash 
the ?uororesin ?lter 3 by the back Wash equipment 9, or by 
cleaning the ?uororesin ?lter 3 by the chemical cleaning 
equipment, stains caused by the suspended solid Which 
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adhered the surface of the ?uororesin ?lter 3 can be 
removed. Moreover, the suspended solid Which loosely 
adhered to the surface of the ?uororesin ?lter 3 can be 
removed by the back Wash equipment 9 Which uses the back 
Wash rinse ?uid or the chemical Wash equipment or the 
scrubbing air supply equipment 12. Thus, the ?uororesin 
?lter 3 can be reused Without exchange, and Water quality of 
the ?ltrate can be kept adequate. 

Third Embodiment 

[0091] FIG. 5 is a basic cross sectional vieW of a prepar 
ing equipment of a ?lter module of a ?ltering apparatus of 
a third embodiment of this invention. 

[0092] As shoWn in FIG. 5, a heater 16 is buried or 
installed in the vertical direction in a sealed holloW heat 
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degrees Centigrade for 1.5 hours as an Example 5, and a 
?lter module Which is held and prepared in pure Water at 250 
degrees Centigrade for 1 hour as an Example 6. 

[0096] On the other hand, the folloWing Table 1 also 
shoWs a ?lter module Which is held and prepared in inert gas 
at 90 degrees Centigrade for 2 hours as a Comparison 
Example 1, a ?lter module Which is held and prepared in 
inert gas at 100 degrees Centigrade for 8 hours as a Com 
parison Example 2, and a ?lter module Which is held and 
prepared in pure Water at 250 degrees Centigrade for 0.9 
hour as a Comparison Example 3. 

[0097] In addition, in the folloWing Table 1, it is preferable 
that the ratio of the permeability is not less than 100, Which 
is a reference point, and it is alloWable that the ratio of the 
amount of elution are no more than 130. 

TABLE 1 

HEAT TREATMENT CONDITION 

TEMPERATURE ELUTION 

FILTER NUMBER (CENTIGRADE) TIME (HOUR) ATMOSPHERE PERMEABILITY" AMOUNT" 

EXAMPLES 1 200 1 AIR 100 100 
2 100 2 INERT GAS 100 120 
3 250 1 INERT GAS 180 80 
4 150 1 PURE WATER 150 110 
5 200 1.5 PURE WATER 150 90 
6 250 1 PURE WATER 170 80 

COMPARISON 1 9O 2 INERT GAS 40 130 
EXAMPLES 2 100 0.8 INERT GAS 65 140 

3 250 0.9 PURE WATER 180 135 

*100 AS A REFERENCE POINT 

treatment vessel 15, and inside of the heat treatment vessel 
15 is ?lled With air A. A ?lter module 7 made from PTFE, 
Which is a kind of a ?uororesin, is contained in the heat 
treatment vessel 15, and the ?lter module 7 is heated as the 
internal air A is heated by the heater 6. 

[0093] FIG. 6 is a graph shoWing relation betWeen the 
pressure difference and the permeability concerning a ?lter 
penetrating hot Water Without thermal treatment of the ?lter 
module and a ?lter penetrating hot Water With heated hold 
ing for 1 hour in an atmosphere (air A) at a temperature of 
200 degrees Centigrade by using the preparing equipment 
shoWn in FIG. 5. 

[0094] As shoWn in FIG. 6, the ?lter module 17 from 
Which the residual stress is removed by thermal treatment in 
air beforehand for suppressing heat modi?cation at the time 
of hot Water permeation has no change in the permeability 
even if the hot Water permeation is carried out repeatedly, so 
?uorine Which elutes from PTFE is reduced. As shoWn in 
Example 1 of Table 1, the value 100 designates a reference 
point of the permeability and the amount of elution of the 
?uororesin in this case. 

[0095] Moreover, the folloWing Table 1 shoWs about a 
?lter module Which is held and prepared in inert gas at 100 
degrees Centigrade for 2 hours as an Example 2, a ?lter 
module Which is held and prepared in inert gas at 250 
degrees Centigrade for 1 hour as an Example 3, a ?lter 
module Which is held and prepared in pure Water at 150 
degrees Centigrade for 1 hour as an Example 4, a ?lter 
module Which is held and prepared in pure Water at 200 

[0098] Clearly recogniZed from FIG. 6 and Table 1, as 
shoWn in Examples 1 through 6, if the ?lter is heated for 1 
hour or more in air atmosphere or pure Water at a tempera 

ture of betWeen 100 and 250 degrees Centigrade, Which is 
beloW the melting point of PTFE (327 degrees Centigrade) 
for removing residual stress and suppressing the heat modi 
?cation before use of the ?lter, the permeability of the ?lter 
is improved and the amount of elution of the ?uororesin is 
reduced. 

[0099] On the other hand, as shoWn in Table 1, if the 
temperature of the heat treatment is set under 100 degrees 
Centigrade, the quantity of ?uorine Which elutes from the 
?uororesin increases, and the permeability is markedly loW 
ered as shoWn in Comparison Example 1. And if the 
temperature of the heat treatment is 100 degrees Centigrade 
and the retention time is less than 1 hour, the quantity of 
?uorine Which elutes from the ?uororesin increases, and the 
permeability is markedly loWered as shoWn in Comparison 
Example 2. Moreover, if the temperature of the heat treat 
ment is 250 degrees Centigrade and the retention time is less 
than 1 hour, though the permeability improves, the quantity 
of ?uorine Which elutes from the ?uororesin increases as 
shoWn in Comparison Example 3. 

[0100] Therefore, as shoWn in FIG. 6, by using the ?lter 
module Which has not heated, the ?lm of the ?lter is 
deformed by the residual stress at the time of manufacture 
and the permeability is loWered, at every hot Water perme 
ation. 
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[0101] By the ?lter module 17 obtained according to the 
Examples 1 through 6, the ?lter module 17 has stable 
heat-resistant cycle performance in applying to a ?ltering 
apparatus Which has frequent heat cycles of such as heater 
drain and feedWater, by thermal treatment beforehand to 
remove the residual stress at the time of manufacture. 

[0102] In addition, it takes 1 hour or more to raise the 
temperature in the heat treatment vessel 15 to set the 
temperature at the above-mentioned processing temperature, 
and after holding at the constant temperature for 1 hour or 
more and removing the residual stress, it is gradually cooled 
for from 3 to 6 hours. Incidentally, since rapid raise of the 
temperature may damage the ?lter module due to the dif 
ference of thermal expansion coef?cients betWeen different 
?uororesins, the raising time of the temperature is set to be 
not less than 1 hour, and the longer the raising time is, the 
more desirable it is. 

[0103] Moreover, to obtain the ?lter module 7 Which is 
hard to be modi?ed by heat at the time of use, since the 
longer the above-mentioned cooling time is, the more the 
residual stress is, it is desirable to cool gradually as much as 
possible. 

[0104] Furthermore, range of betWeen 100 and 250 
degrees Centigrade is suitable for the retention temperature, 
and it is preferable to set the temperature from 0 to 10 
degrees higher than the temperature at the time of manu 
facture of the ?lter module 7 or the ?lm. Moreover, it is 
effective in heating in the surroundings Where the ?lter is 
used by adding thermal treatment in a solution additionally 
after the thermal treatment in a gas, from a vieWpoint of 
improving the heat-resistant of the ?lter module 17. 

[0105] The above-mentioned ?lter module 7 is a product 
made from a ?uororesin having heat-resistance and chemical 
resistance, and it is formed in the shape of holloW or a ?at 
?lm or a tube, or in a packed column composed of a 
cylindrical vessel ?lled With pieces of granular fusuoresin as 
packed material, and it is preferable that the ?xing substance 
to a ?lm module is also made from a ?uororesin. 

[0106] Moreover, as for the gas Which ?lls in the heat 
treatment vessel 15, What is not degraded the quality of the 
module 1 in the thermal treatment, such as inert gas, for 
example, nitrogen or argon, or steam, instead of the above 
mentioned air A, is desirable. 

[0107] And a liquid is also possible for What is ?lled in the 
heat treatment vessel 15 instead of gases, such as an atmo 

sphere (air A), a kind of liquid Which does not include an 
impurity as a contamination of the modules, such as pure 

Water and ultrapure Water, is suitable, and it is more desir 
able that the liquid has the property about pH value or 
dissolved oxygen concentration or chemical ingredient 
Which is the same of that in the use environment of the ?lter. 

Thus, according to the Examples 1 through 6 in this embodi 
ment, since the residual stress at the time of manufacture can 
be removed by adding thermal treatment before the use of 
the module, it becomes possible to obtain a stabiliZed 
treatment performance against repetitive heat 
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[0108] Moreover, if the form of the ?lter module 7 made 
from a ?uororesin is selected from the group of a holloW 

module, a module in the shape of pleats, a ?at ?lm, and a 

tube module, the ?uororesin ?lter having stable permeability 
and less in?uence of pollution of Water quality can be 

obtained. 

Fourth Embodiment 

[0109] 
ing equipment of a ?lter module of a ?ltering apparatus of 

FIG. 7 is a basic cross sectional vieW of a prepar 

a fourth embodiment of this invention. It explains using the 

same code to a corresponding portion identically to the 

above-mentioned third embodiment. 

[0110] As shoWn in FIG. 7, hot Water W ?lls and a ?lter 

module 17 is installed in the pressure vessel 18 for hot Water 

Washing. And a cooler 19, a ?lter 20 and a desalination 

equipment 21 ?lled up With ion exchangers are installed on 

a line L1 Whose one end is connected to the exit side of the 

hot Water Washing pressure vessel 18, and the another end of 
the line L1 is connected to a Water supply side of a pump 22. 

One end of a line L2 is connected to the discharge side of the 

pump 22, and a heater 23 is installed on this line L2, and the 

another end of the line L2 is connected to the hot Water 

Washing pressure vessel 18. 

[0111] Therefore, by driving the pump 12, hot Washing 
Water in the hot Water Washing pressure vessel 18 is cooled 
by the cooler 19, and afterWard suspended solid is removed 
from the elution of the ?lter module 17 contained in the 
Washing Water at the ?lter 20, and the hot Water from Which 
ion ingredients are removed by the desalination equipment 
21 is provided to the pump 22. And the Washing Water 
discharged from the pump 22 is heated as the hot Water W, 
and the hot Water W is supplied to the entrance side of the 

hot Water Washing pressure vessel 18. 

[0112] As a result of examining the elution component in 
the immersion solution after immersing the ?lter module 7 
of the holloW ?bers made of a ?uororesin into the hot Water, 

Whose pressure is not less than the pressure at Which it does 

not boils, at a temperature of 230 degrees Centigrade for 1 
hour, any components other than ?uorine are not detected, 
and the permeability is also improved. This is shoWn as a 
case of an Example 9 in Table 2 shoWn beloW. 

[0113] Moreover, experiments immersing in hot Water at a 
temperature of 150 degrees Centigrade and 200 degrees 
Centigrade for 1 hour are shoWn as an Example 7 and an 

Example 8, respectively, and experiments applying steam at 
temperatures of 150, 200, and 230 degrees Centigrade are 
shoWn as Examples 10, 11, and 12, respectively. As shoWn 
in 

[0114] Table 2, these examples improve permeability of 
the ?lter and particularly reduce the elution amount of 
?uorine. 






















