
DESCRIPTION 

TITLE OF THE INVENTION: FILM SEPARATION DEVICE, STRUCTURE 

FOR ARRANGING FILM ELEMENT, AND FILM CASSETTE AND FILM 

UNIT 

5 TECHNICAL FIELD 

[0001] 	The present invention relates to a film separation device. 	In 

particular, it relates to a film separation device having a guide mechanism 

for assisting rise and fall of a film unit. 	Furthermore, it relates to a film 

cassette equipped with flat plate film elements and a film unit having the 

10 film cassette. 

BACKGROUND ART 

[0002] 	Hitherto, there has been applied a film separation device as a 

solid-liquid separation means in sewage treatment or industrial waste water 

treatment. 	The film separation device is a device that is immersed in a 

15 

20 

biological treatment tank or a coagulation treatment tank to conduct a 

biological treatment or a coagulation treatment on pollutants contained in 

waste water and then conduct a solid-liquid separation into solid substance 

and aqueous component. 	In the film separation device, sludge accumulates 

on the separation film surface as the operation time passes. 	Therefore, 

aeration air is supplied to a liquid to be treated, thereby generating an 

air-lift upward flow, and this upward flow adds shear force to the separation 

film surface to remove sludge on the film surface. 	Furthermore, in case that 

sludge accumulation on the separation film surface is considerable, it is 

necessary to pull up a film unit equipped with the separation film from the 

25 treatment tank to wash the separation film. 
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[0003] 	However, a liquid to be treated staying in the treatment tank is 

opaque due to suspension of microorganisms and suspended matters, etc. 

Therefore, it is difficult to conduct visual observation and check of the 

position of the film separation device immersed, from above the tank. 

5 Furthermore, it has been difficult to take the film unit into or out of the 

treatment tank due to the constant necessity of guiding the film unit's 

posture and/or position when immersing the film unit. 

[0004] 	Thus, in conventional film separation devices, a guide mechanism 

for assisting rise and fall is provided, thereby making it easy to take the film 

10 unit thereinto and out thereof (e.g., Patent Publications 1 and 2). 

[0005] 	For example, as shown in Fig. 16, in a film separation device 22 

described in Patent Publication 1, a plurality of fixing members (rise and fall 

guide) 23 are installed in a treatment tank 24, and the film unit 25 is made 

to fall between the fixing members 23 to achieve a constant posture of the 

15 film unit 25. 	Furthermore, the film unit 25 is provided with a room section 

(not shown in the drawings), and this room section is filled with air to stably 

conduct rising up of the film unit 25. 

[0006] 	Furthermore, as shown in Fig. 17, in a film separation device 26 

described in Patent Publication 2, multilevel guide units 28 are arranged on 

20 inner wall sides of a treatment tank 27. 	Of these, at least one guide unit 28 

is arranged at a height that is above the water level of the liquid to be 

treated. 	In this film separation device 26, the guide units 28 are installed 

on the wall surfaces. 	Therefore, it is possible to easily determine the 

installation position of the film unit 29. 	Furthermore, when taking the film 

25 unit 29 thereinto or out thereof, it is possible to easily confirm the 

2 



installation position of the film unit 29 by the guide units 28 arranged at a 

height above the water surface. 

[0007] 	Furthermore, as a film separation device, for example, there is 

known a film cassette disclosed in Patent Publication 3. 	In this film 

5 cassette, a plurality of flat plate film elements are arranged in a frame at 

predetermined intervals. 	In particular, this film element is put into a guide 

groove of the frame in a manner that it can be withdrawn from the frame. 

[0008] 	However, in the film cassette of Patent Publication 3, each film 

element is connected to a water collecting pipe of the film cassette by a 

10 connector through a flexible tube. 	Therefore, when attaching and detaching 

the film element in its maintenance, it is necessary to have a long time in the 

attaching and detaching operations of the flexible tube and the connector. 

In particular, depending on the installation scale of the film cassettes, the 

number of the film elements to be installed becomes several thousands to 

15 tens of thousands. 	Therefore, a considerable labor is necessary for its 

maintenance and management. 	Furthermore, a careful handling is 

necessary so as to avoid damage or breakage of the filter body during the 

attachment or detachment operation of the film elements. 

[0009] 	Thus, as a film cassette that does not require a flexible tube for 

20 connecting the film cassette and the water collecting pipe, there is known a 

film cassette disclosed in Patent Publication 4. 	A film element of this film 

cassette is composed of a flat plate ceramic filter and water collecting 

sections installed on both end sections of this ceramic filter. 	Water 

collecting tube sections and the water collecting sections of this film element 

25 are engaged in racks. 	With this, a plurality of the film elements are 
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supported in the racks. 

PRIOR ART PUBLICATIONS 

PATENT PUBLICATIONS 

[0010] 	Patent Publication 1: JP Patent Application Publication Heisei 

5 11-319511. 

Patent Publication 2: JP Patent Application Publication 2014-46275. 

Patent Publication 3: JP Patent Application Publication 2009-148743. 

Patent Publication 4: Specification of US Patent Application Publication 

2009/0236295. 

10 SUMMARY OF THE INVENTION 

[0011] 	In the film separation device 22 of Patent Publication 1, as shown in 

Fig. 16(b), an accurate fitting of the film unit 25 into the top end four corners 

of the fixing members 23 is necessary for its introduction. 	In case that the 

film separation device 22 has a large size, it has been difficult to put the film 

15 unit 25 into between the fixing members 23, unless the falling operation of 

the film unit 25 is conducted by several persons. 	Furthermore, it is 

necessary to extend the plurality of fixing members 23, which are fixed on 

the bottom of the treatment tank 24, to the vicinity of the water surface. 

This leads to the production cost increase. 

20 [0012] 	Furthermore, in the film separation device 26 of Patent Publication 

2, as shown in Fig. 17(a), insertion into the guide unit 28 provided on one 

wall is easy, but a fitting insertion of an axis 30 into the guide unit 28 

provided on the other wall has been difficult. 	Furthermore, every guide 

unit is independent. 	Therefore, labor is necessary to install the guide units 

25 28 on the walls. 
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[0013] 	Furthermore, in a film cassette designed similar to Patent 

Publication 4, it becomes unnecessary to conduct attaching and detaching 

operations of a flexible tube connecting the film element and the water 

collecting pipe, its accessary members, etc. 	Therefore, its assembly 

5 operability and maintenance property are improved as compared with the 

film cassette designed similar to Patent Publication 3. 

[0014] 	However, in case that a plurality of film cassettes are arranged in a 

water tank to be used for waste water treatment, a water collecting piping to 

take the treated water out of each film cassette becomes necessary. 	This 

10 water collecting piping is attached to each film cassette before or after the 

installation of the plurality of film cassettes in the water tank. 	For example, 

in the case of stacking the film cassettes of Patent Publication 4 in the water 

tank, a water collecting piping is connected to the water collecting pipe of 

each film cassette through another piping. 

15 [0015] 	The film cassette designed similar to Patent Publication 4 is 

improved in handling characteristic as a single body, but, in the case of 

constituting a film unit by a plurality of this film cassette, operability when 

conducting assembly of the film unit or checking or replacement of the film 

elements is not efficient. 

20 [0016] 	Thus, in one embodiment of the present invention, there is provided 

a film separation device comprising a treatment tank receiving therein a 

liquid to be treated; a plurality of film cassettes that are each equipped with 

filtration films for conducting filtration of the liquid to be treated, the 

plurality of film cassettes being stacked in a direction along height of the 

25 treatment tank; and a guide section that is provided in the treatment tank 
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and guides the film cassettes to a predetermined position, wherein each of at 

least two film cassettes of the film cassettes has a pair of holding sections 

that is slidable relative to the guide section, and wherein the guide section 

has a held section that is fitted between the holding sections. 

5 [0017] 	In one embodiment of the film separation device, the guide section is 

fixed to a wall surface of the treatment tank and a bottom surface of the 

treatment tank. 

[0018] 	In one embodiment of the film separation device, an upper end 

section of the held section is exposed out of the liquid to be treated. 

10 [0019] 	In one embodiment of the film separation device, the held section 

comprises a pair of pipes, a pair of rod-shape members, or a platy member. 

[0020] 	In one embodiment of the film separation device, an air diffusion 

frame is provided beneath the stacked film cassettes. 

[0021] 	In one embodiment of the present invention, there is provided a 

15 structure for arranging film elements, comprising a plurality of film 

elements each equipped with a filtration body section for conducting a 

solid-liquid separation, a water collecting section that collects a treated 

water, which has been obtained by the solid-liquid separation, from one end 

section of the filtration body section, and a sealing section that liquid-tightly 

20 seals another end section of the filtration body section; a pair of lower 

retaining sections on which the water collecting sections and the sealing 

sections of the film elements are placed in a condition that the film elements 

are aligned; and a treated-water collecting section that collects the treated 

water from the water collecting sections in a condition that the treated-water 

25 collecting section is connected to upper end sections of the water collecting 
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sections. 

[0022] 	One embodiment of the arranging structure further comprises a pair 

of cover sections that is attached to the pair of lower retaining sections in a 

condition that the pair of cover sections is arranged in parallel with both film 

5 elements that are arranged outermost of the film elements. 

[0023] 	One embodiment of the arranging structure further comprises an 

upper retaining section that retains upper end sections of the sealing 

sections in a condition that the upper retaining section is rotatably fixed to 

the pair of cover sections. 

10 [0024] 	One embodiment of the arranging structure further comprises an 

attachment member, to which the treated-water collecting section is 

attached, in a condition that the attachment member is rotatably or firmly 

fixed to the pair of cover sections. 

[0025] 	One embodiment of the attachment member comprises an 

15 attachment body section to which the treated-water collecting section is 

attached, and a pair of support sections that horizontally supports the 

attachment body section in a condition that the pair of support sections is 

rotatably or firmly fixed to opposing surfaces of the pair of cover sections. 

[0026] 	One embodiment of the upper retaining section is rotatably fixed to 

20 the pair of the cover sections such that retainment of the sealing sections can 

be cancelled. 

[0027] 	In one embodiment of the arranging structure, the water collecting 

section is formed at an upper end section thereof with a treated-water 

takeout section that is fitted to the treated-water collecting section. 

25 
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[0028] 	In one embodiment of the arranging structure, a clip plate section 

that aligns the treated-water takeout sections is interposed between the 

water collecting sections and the treated-water collecting section. 

5 [0029] 	In one embodiment of the present invention, there is provided a film 

cassette equipped with film elements, comprising a plurality of film elements 

each equipped with a filtration body section for conducting a solid-liquid 

separation, a water collecting section that collects a treated water, which has 

been obtained by the solid-liquid separation, from one end section of the 

10 filtration body section, and a sealing section that liquid-tightly seals another 

end section of the filtration body section; a pair of lower retaining sections on 

which the water collecting sections and the sealing sections of the film 

elements are placed in a condition that the film elements are aligned; and a 

treated-water collecting section that collects the treated water from the 

15 water collecting sections in a condition that the treated-water collecting 

section is connected to upper end sections of the water collecting sections. 

[0030] 	In one embodiment of the film cassette, the film cassette further 

comprises a pair of cover sections that is attached to the pair of lower 

retaining sections and the treated-water collecting section such that the pair 

20 of cover sections is parallel with both film elements that are arranged 

outermost of the film elements, and a holding section to which a tool for 

lifting the film cassette is connected can be attached to the pair of cover 

sections. 

[0031] 	In one embodiment of the present invention, there is provided a film 

25 unit comprising stacked film cassettes, each film cassette being the film 
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cassette. 

[0032] 	According to the above invention, it becomes easy to install the film 

unit in the film separation device. 	Furthermore, maintenance property is 

improved when the structure for arranging film elements is formed into a 

5 unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] 	Fig. 1 is a view schematically showing a film separation device 

according to the first embodiment of the present invention; 

Fig. 2(a) is a top view of a film cassette having L-shaped holding 

10 sections, and Fig. 2(b) is a top view of a film cassette having F-shaped 

holding sections; 

Fig. 3 is a view showing a guide section of the film separation device 

according to the first embodiment of the present invention; 

Fig. 4 is a view showing a condition in which the guide section is 

15 fitted between the holding sections of the film cassettes; 

Fig. 5 is a view schematically showing a film separation device 

according to the second embodiment of the present invention; 

Fig. 6 is a view showing a guide section of the film separation device 

according to the second embodiment of the present invention; 

20 Fig. 7 is a view schematically showing another example of the film 

separation device of the present invention; 

Fig. 8 is a front view of an arrangement structure of a film element in 

the third embodiment of the present invention; 

Fig. 9 is a front view of an arrangement structure of the same 

25 embodiment, in which a cover section has been removed; 
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Fig. 10(a) is a plan view of a receiving body section in an upper or 

lower retaining section of the above embodiment; Fig. 10(b) is a front view of 

the receiving body section; Fig. 10(c) is a side view of the receiving body 

section; Fig. 10(d) is a rear view of an attachment section; and Fig. 10(e) is a 

5 vertical section of the attachment section; 

Fig. 11(a) is a plan view, partially laterally cross sectioned, of a 

treated-water collecting section of the above embodiment; Fig. 11(b) is a front 

view, partially vertically cross sectioned, of the treated-water collecting 

section; and Fig. 11(c) is a cross sectional view taken along A-A of the 

10 treated-water collecting section; 

Fig. 12(a) is a plan view of a film cassette of the above embodiment; 

Fig. 12(b) is a side view of the film cassette; Fig. 12(c) is a side view on a 

header side of the film cassette; Fig. 12(d) is a side view on a footer side of 

the film cassette; and Fig. 12(e) is an explanatory view of an operation 

15 example of the upper retaining section in the embodiment; 

Fig 13(a) is a plan view of a film cassette of the same embodiment, 

equipped with holding sections; and Fig. 13(b) is a side view of the film 

cassette; 

Fig. 14(a) is a longitudinal direction side view of a clip plate in the 

20 above embodiment; Fig. 14(b) is a plan view of the clip plate; and Fig. 14(c) is 

a short direction side view of the clip plate. 

Fig. 15(a) is a side view of a film unit in the fourth embodiment of the 

present invention; and Fig. 15(b) is a front view of the film unit; 

Fig. 16(a) is a vertically cross sectional view of a prior art film 

25 separation device; and Fig. 16(b) is a horizontally cross sectional view of the 
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prior art film separation device; and 

Fig. 17(a) is a vertically cross sectional view of a prior art film 

separation device; and Fig. 17(b) is a horizontally cross sectional view of the 

prior art film separation device. 

5 MODE FOR IMPLEMENTING THE INVENTION 

[0034] 	In the following, embodiments of the present invention are 

explained with reference to the drawings. 

[0035] 	[First Embodiment] 

As shown in Fig. 1, a film separation device 1 according to the first 

10 embodiment of the present invention is equipped with a treatment tank 2 to 

receive a liquid to be treated, a film unit 3 to be immersed into the liquid to 

be treated, and a guide mechanism 4 that guides the film unit 3 to a 

predetermined position. 	The film unit 3 is composed of a plurality of film 

cassettes 5 and an air diffusion frame 6. 

15 [0036] 	As shown in Fig. 2(a), the film cassette 5 is equipped with film 

elements 7, a combined water collecting section 8, a retaining section 9, and 

side covers 10. 	The film cassette 5 is opened at its upper and lower sides 

and has a structure with film elements 11 provided in its inside. 	A film 

cassette 11 shown in Fig. 2(b) is another example of the film cassette 5, and 

20 the shape of a holding section 16 that is explained in detail hereinafter is 

different from that of the film cassette 5. 	Therefore, in the film cassette 11, 

the same structures as those of the film cassette 5 are designated by the 

same signs, and their detailed explanations are omitted. 

[0037] 	The film elements 7 are, for example, ceramic flat membranes and 

25 are supported between the combined water collecting section 8 and the 
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retaining section 9 in a condition in which they are aligned in a manner to 

oppose their plate surfaces having ceramic layers formed thereon to each 

other. 	The ceramic flat membrane is, for example, one in which a ceramic 

membrane with a separation function has been formed on an outer surface of 

5 a base member formed of a water-permeable ceramic plate. 	Filtrate that 

has passed through the ceramic membrane formed on the outer surface 

passes through a water collecting passage (not shown in the drawings) 

formed in the inside of the base member and is transferred to the combined 

water collecting section 8. 	The film element 7 is not limited to a filter 

10 membrane such as ceramic flat membrane. 	As long as it is a filter 

membrane having solid-liquid separation function and/or reverse osmosis 

function as a porous membrane, it is possible to use precision filtration 

membrane, ultrafiltration membrane, nano-filtration membrane, reverse 

osmosis membrane, etc. 	Furthermore, as the film element 7, it is possible to 

15 use not only a filtration membrane made of an inorganic material such as 

ceramic flat membrane, but also a filtration membrane made of an organic 

material such as polyolefin-series, fluororesin-series, etc. 

[0038] 	The combined water collecting section 8 and the retaining section 9 

are arranged opposite to each other in a condition in which they support the 

20 film elements 7. 	Side covers 10 are respectively provided at side openings of 

the combined water collecting section 8 and the retaining section 9, which 

are arranged opposite to each other.. 

[0039] 	As shown in Fig. 1, the film cassettes 5 are connected with each 

other in a manner that their respective combined water collecting sections 

25 communicate with each other and are fixed by using a fixing means such as 
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bolts, nuts, etc. not shown in the drawings to form an integrated body. 	The 

film cassettes 5 are stacked to form, for example, 1 to 10 levels. 	Above and 

under the combined water collecting section 8, there are formed water 

passage holes 8a that can communicate with other combined water collecting 

5 sections 8. 	By stacking the film cassettes 5, the combined water collecting 

sections communicate with each other to form a passage of the liquid to be 

treated. 	The liquid to be treated, which has been separated by the film 

elements 7, passes through this passage and is taken to the outside. 

Furthermore, the air diffusion frame 6 is provided below the stacked film 

10 cassettes 5. 	The air diffusion frame 6 is formed with an air diffusion pipe 12, 

and air supplied from a blower (not shown in the drawings) connected to a 

supply port 13 is diffused from the air diffusion pipe 12. 	An upward flow is 

generated by air diffused from the air diffusion pipe 12, and this upward flow 

conducts scrubbing of the film elements 7 in each of the stacked film 

15 cassettes 5. 	With this, pollutants are hardly adhered to the surface of the 

film element 7. 

[0040] 	As the air diffusion pipe 12, it is possible to use, for example, a 

hollow pipe formed with air diffusion holes, a ceramic one having an air 

diffusion section, etc. 	Although it is not shown in the drawings, a jig, etc. 

20 for lifting the film unit 3 is attached to the film cassette 5 provided at the top, 

such that the film unit is movable upward and downward by using a wire, 

etc. 

[0041] 	The guide mechanism 4 is composed of the holding sections 14 

provided on the side section of the film cassette 5 and the guide section 15 

25 provided in the treatment tank 2. 
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[0042] 	As shown in Fig. 2(a), the holding section 14 is provided, for example, 

to project in a horizontal direction from the retaining section 9 of the film 

cassette 5. 	The shape of the holding section 14 is not limited to the 

L-shaped holding section 14 (shown in Fig. 2(a)), but it may be the F-shaped 

5 holding section 16 (shown in Fig. 2(b)). 	Furthermore, with respect to the 

holding sections 14 (and holding sections 16), not only an embodiment to 

provide them on one side of the film cassette 5, but also an embodiment to 

provide them on opposite both sides is acceptable. 	Furthermore, in the case 

of aligning a plurality of the film units 3 in the treatment tank 2, the guide 

10 section 15 is provided at each of the aligned film units 3. 

[0043] 	The holding sections 14 have a pair of projection sections 14a 

extending from the retaining section 9 and extension sections 14b each 

extending from an end section of one projection section 14a in a direction 

toward the other projection section 14a. 	It is provided in a condition in 

15 which a held section 15c of the guide section 15 is loosely fitted between the 

retaining section 9 and the extension sections 14b. 	Since the holding 

section 14 is made to have an L-shape, it is possible to easily position the 

guide section 15 and the holding sections 14 by bringing the retaining section 

9 of the film cassette 5 into abutment with the held section 15c of the guide 

20 section 15. 	Therefore, it becomes easy to install the film unit 3. 	After 

installing the film unit 3, stability of the film unit 3 is improved by the 

contact between the retaining section 9 and the held section 15c. 

[0044] 	Furthermore, as shown in Fig. 2(b), the holding sections 16 have a 

pair of projection sections 16a extending from the retaining section 9, first 

25 extension sections 16b each extending from an end section of the projection 
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section 16a in a direction toward the other projection section 16a, and second 

extension sections 16c extending from the projection sections 16a to be 

parallel with the first extension sections 16b. 	It is provided in a condition in 

which the held section 15c is loosely fitted between the first extension 

5 sections 16b and the second extension sections 16c. 	Since the holding 

section 16 is made to have an F-shape, it becomes a condition in which the 

retaining section 9 and the held section 15c are separated from each other. 

As a result, when moving the film cassette 5, the surface that is in a sliding 

contact with the held section 15c becomes small. 	With this, a risk of 

10 breakage of the film cassette 5 caused by the contact with the held section 

15c becomes small. 

[0045] 	As shown in Fig. 3, the guide section 15 is equipped with a tank-wall 

fixed section 15a, an upper extension section 15b, the held section 15c, a 

lower extension section 15d, and a tank-bottom fixed section 15e. 	As 

15 material of the guide section 15, for example, a stainless steel superior in 

corrosion resistance is suitable. 	Material of the guide section 15 is not 

limited to stainless steel as long as it has a strength that does not interfere 

with the rise and fall of the film cassette 5. 	It may be another material 

having corrosion resistance (material of a guide section 19 of a film 

20 separation device 17 according the second embodiment described in detail 

hereinafter is also similar). 

[0046] 	The tank-wall fixed section 15a is fixed to a wall surface of the 

treatment tank 2 by using a fixing means such as bolts, nuts, etc. 

Furthermore, the tank-bottom fixed section 15e is fixed to a bottom surface 

25 of the treatment tank 2 by using a fixing means such as bolts, nuts, etc. 
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[0047] 	The upper extension section 15b is provided between the tank-wall 

fixed section 15b and a top section of the held section 15c. 	The upper 

extension section 15b is, for example, a single pipe and has a structure in 

which it extends upwardly from the top section of the held section 15c and 

5 then its top end section is perpendicularly bent toward the wall to be fixed to 

the wall of the treatment tank 2. 	The upper extension section 15b may have 

a mode in which a single pipe is connected from the top section of the held 

section 15c toward the wall without having a constant length in a direction 

along its height. 

10 [0048] 	The lower extension section 15d is, for example, a single pipe, is 

provided between a bottom section of the held section 15c and the 

tank-bottom fixed section 15e, and supports the held section 15c. 	The 

height of the film unit 3 is normally 4 meters or longer. 	Therefore, the 

guide section 15 is required to have a height more than that. 	If the guide 

15 section 15 is long, transportation of the guide section 15 becomes difficult. 

Therefore, there is provided a fitting connection section 15f between the 

lower extension section 15d and the held section 15c. 	This connection 

section 15f is not essential, and the lower extension section 15d and the held 

section 15c may be formed into one piece. 

20 [0049] 	The held section 15c has a pair of pipes extending in a direction 

along the height of the treatment tank 2. 	Since the held section 15c has a 

pair of pipes, there is provided a constant width at which the held section 15c 

is fitted between the holding sections 14. 	In place of a pair of pipes, it is 

optional to provide a mode in which the held section 15c is formed by using a 

25 plate member. 	As shown in Figs. 2(a) and 2(b), the held section 15c is fitted 
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(held) between the L-shaped holding sections 14 (or F-shaped holding 

sections 16). 

[0050] 	The guide section 15 may also be formed of a rod-shape member, in 

place of pipe. 	Cross-sectional shape (pipe, rod, etc.) of the guide section 15 

5 may be a polygonal shape such as oval, rectangle, etc., in place of circular 

shape. 

10 

[0051] 	As shown in Fig. 4, when the film unit 3 is installed in the treatment 

tank 2, the holding sections 14 are fitted to the held section 15c of the guide 

section 15, which has been previously fixed in the treatment tank 2. 	Then, 

the holding sections 14 slide on the held section 15c, thereby guiding the film 

unit 3 to a predetermined position of the treatment tank 2. 

[0052] 	The guide section 15 is fixed to make a condition in which a part 

(upper end section) of the held section 15c is shown above the water surface. 

The holding sections 14 of the film unit 3 are brought to a position above the 

15 held section 15c, and then the film unit 3 is vertically lowered to fit the 

holding sections 14 to the held section 15c. 	In this manner, the holding 

sections 14 are inserted into the held section 15c. 

[0053] 	The holding sections 14 are fitted to the held section 15c at at least 

two positions. 	With this, it is possible to stably rise and fall the film unit 3. 

20 Therefore, as long as it is possible to rise and fall the film unit 3 under a 

fitted condition at at least two positions, some of the film cassettes 5 in the 

film unit 3 may be free from the holding section 14. 

[0054] 	By the above-mentioned film separation device 1 according to the 

first embodiment of the present invention, it is possible to easily install the 

25 film unit 3 in the treatment tank 2 by sequentially fitting the holding 
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sections 14 to the held section 15c. 

[0055] 	Furthermore, the guide section 15 is fixed at two positions, one 

between the wall surface of the treatment tank 2 and the tank-wall fixed 

section 15a and the other between the bottom surface of the treatment tank 

5 2 and the tank-bottom fixed section 15e. 	Therefore, the guide section 15 	is 

easily fixed. 	In particular, the held section 15c of the guide section 15 is 

supported by the lower extension section 15d as a single member. 	Therefore, 

the number of members for fixing the guide section 15 is small, and it 

becomes easy to install the guide section 15. 	That is, it becomes easy to 

10 attach the guide mechanism 4 that guides the film unit 3 to a predetermined 

position. 	Furthermore, the guide section 15 is fixed to the wall surface and 

the bottom surface of the treatment tank 2. 	With this, it is possible to 

suppress displacement of the film unit 3, thereby improving stability of the 

film unit 3 mounted on the guide section 15. 

15 [0056] 	Furthermore, an upper section of the held section 15c of the guide 

section 15 is shown above the water surface. 	With this, it is possible to 

accurately grasp the position for fitting the holding sections 14. 

Furthermore, the held section 15c has a constant width. 	With this, it is 

possible to suppress displacement of the film unit 3. 

20 [0057] 	Furthermore, of the film cassettes 5 constituting the film unit 3, the 

film cassette 5 provided at the bottom has the holding sections 14. 	With 

this, it is possible to check the rise and fall position of the film unit 3 from a 

position above the water surface. 	Since the insertion position can be 

determined above the water surface, it is possible to easily conduct the 

25 insertion operation without receiving the effect of the water flow. 	In 
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particular, in the case of arranging a plurality of the film units 3 in line, it is 

possible to prevent the contact of the film units 3 in water by inserting the 

held section 15c into between the holding sections 14 above the water 

surface. 

5 [0058] 	Furthermore, it is possible to stably rise and fall the film unit 3 by 

making a condition in which the holding sections 14 are fitted to the held 

section 15c at at least two positions. 	By increasing the number of the 

positions at which the holding section 14 is fitted to the held section 15c, it is 

possible to further suppress displacement of the film unit 3. 

10 [0059] 	By providing the holding sections 14 in one direction of the film 

cassette 5, a single worker can fix the film unit 3 in the treatment tank 2 by 

fitting the holding sections 14 to the guide section 15. 	Therefore, operation 

for installing the film unit 3 becomes easy. 

[0060] 	[Second Embodiment] 

15 A film separation device according to the second embodiment of the 

present invention is different from the film separation device 1 according to 

the first embodiment in terms of structure of the guide section. 	Therefore, 

structures, such as the film unit 3 and the film cassette 5, similar to those of 

the film separation device 1 according to the first embodiment are 

20 designated by the same signs, and their detailed explanations are omitted. 

[0061] 	As shown in Fig. 5, the film separation device 17 according to the 

second embodiment of the present invention is equipped with the treatment 

tank 2 receiving a liquid to be treated, the film unit 3 to be immersed in the 

liquid to be treated, and a guide mechanism 18. The guide mechanism 18 is 

25 composed of the holding sections 14 provided on a side section of the film 
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cassette 5 and a guide section 19 provided in the treatment tank 2. 

[0062] 	As shown in Fig. 6, the guide section 19 is equipped with a tank-wall 

fixed section 19a, an upper extension section 19b, a held section 19c, and a 

tank-bottom fixed section 19d. 

5 [0063] 	The tank-wall fixed section 19a is fixed to a wall surface of the 

treatment tank 2 by using a fixing means such as bolts, nuts, etc. 

Furthermore, the tank-bottom fixed section 19d is fixed to a bottom surface 

of the treatment tank 2 by using a fixing means such as bolts, nuts, etc. 

[0064] 	The upper extension section 19b is similar to the upper extension 

10 section 15b of the guide section 15 of the first embodiment and is provided 

between the tank-wall fixed section 19a and an upper section of the held 

section 19c. 

15 

[0065] 	The held section 19c has a pair of pipes extending upwardly from the 

tank-bottom fixed section 19d. 	Since the held section 19c has a pair of pipes, 

it has a constant width at which the held section 19c is fitted into between 

the holding sections 14. 	Each pipe is fixed to the tank-bottom fixed section 

19d and is provided to extend upwardly. 	Similar to the held section 15c 

shown in Fig. 2, the held section 19c is fitted (held) between the holding 

sections 14 (or holding sections 16). 	It is also possible to form a part (or 

20 entirety) of the held section 19c by using a plate member, in place of a pair of 

pipes. 	The held section is provided with connection sections 19e. 	When 

transporting the held section 19c, it can be separated. 	The connection 

sections 19c are not essential, and the held section 19c may be formed into 

one piece. 

25 [0066] 	The guide section 19 may also be formed of a rod-shape member, in 
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place of pipe. 	Cross-sectional shape (pipe, rod, etc.) of the guide section 19 

may be a polygonal shape such as oval, rectangle, etc., in place of circular 

shape. 

[0067] 	As shown in Fig. 5, when the film unit 3 is installed in the treatment 

5 tank 2, the holding sections 14 are fitted to the held section 19c of the guide 

section 19, which has been previously fixed in the treatment tank 2. 	Then, 

the holding sections 14 slide on the held section 19c, thereby guiding the film 

unit 3 to a predetermined position of the treatment tank 2. 

[0068] 	The guide section 19 is fixed to make a condition in which a part 

10 (upper end section) of the held section 19c is shown above the water surface. 

The holding sections 14 of the film unit 3 are brought to a position above the 

held section 19c, and then the film unit 3 is vertically lowered to fit the 

holding sections 14 to the held section 19c. 	In this manner, the holding 

sections 14 are inserted into the held section 19c. 

15 [0069] 	The holding sections 14 are fitted to the held section 19c at at least 

two 	With this, it is possible to stably rise and fall the film unit 3. positions. 

Therefore, as long as it is possible to rise and fall the film unit 3 under a 

fitted condition at at least two positions, some of the film cassettes 5 in the 

film unit 3 may be free from the holding section 14. 

20 [0070] 	In the above-mentioned film separation device 17 according to the 

second embodiment of the present invention, the held section 19c extends to 

the bottom surface of the treatment tank 2 and is fixed to the tank-bottom 

fixed section 19d. 	Therefore, according to this film separation device 17, the 

holding sections 14 and the held section 19c are always in contact with each 

25 other, until the holding sections 14 at the bottom of the film unit 3 are 
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installed. 	As a result, it is possible to more safely install the film unit 3 in 

addition to the advantageous effect possessed by the film separation device 

17 according to the first embodiment. 

[0071] 	Furthermore, in case that the film cassette 5 at the bottom of the 

5 film cassettes constituting the film unit 3 is provided with the holding 

sections 14, the holding sections 14 at the bottom of the film unit 3 do not 

come out of the held section 19c until completing installation of the film unit 

3. 	Therefore, in case that the film cassette at the bottom of the film unit 3 is 

provided with the holding sections 14, other film cassettes 5 except the film 

10 cassette 5 at the bottom of the film unit 3 may arbitrarily be provided with 

the holding sections such that the number of the positions to hold the held 

sections 19c becomes two. 

[0072] 	As above, the film separation device of the present invention has 

been explained by showing specific embodiments. 	The film separation 

15 device of the present invention is, however, not limited to those embodiments. 

Suitable modifications can be made to the extent that the characteristics are 

not impaired, and the modified ones also belong to the technical scope of the 

present invention. 

[0073] 	In the explanations of the above embodiments, the film unit 3 

20 constituted by the film cassette 5 having the L-shaped holding sections 14 

shown in Fig. 2(a) is mainly exemplified. 	It is, however, possible to obtain 

similar advantageous effects even by the film unit constituted by the film 

cassette 11 shown in Fig. 2(b). 	That is, the guide mechanisms 4, 18 may 

have not only an embodiment constituted of the L-shaped holding sections 14 

25 and the guide section 15, 19, but also an embodiment constituted of the 
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F-shaped holding sections 16 and the guide section 15, 19. 

[0074] 	Furthermore, the guide section 15, 19 is not limited to an 

embodiment to be fixed to the wall surface, etc. of the treatment tank 2. 

Like a film separation device 20 shown in Fig. 7, it is also possible to have an 

5 embodiment in which a foothold 21, beam, etc. is provided as a side wall in 

the treatment tank 2, and the guide section 15, 19 is fixed thereto. 

[0075] 	Furthermore, the present invention's film element arrangement 

structure may have the following embodiments. 

[0076] 	[Third Embodiment] 

10 A film cassette 100 shown in Figs. 8 and 9 is an example of 

arrangement structure of the film element of the present invention and is 

equipped with film elements 220 aligned, which are used for solid-liquid 

separation. 

[0077] 	(An embodiment of film cassette 100) 

15 The film cassette 100 has a pair of lower retaining sections 61 on 

which a plurality of film elements 220 used for solid-liquid separation are 

aligned, and has a treated-water collecting section 40 for collecting the 

solid-liquid separated water from headers 222 in a condition that the 

treated-water collecting section 40 is connected to upper end sections of the 

20 headers (water collecting sections) 222 of the film elements 220. 

[0078] 	The treated water is taken out of the treated-water collecting section 

25 

40 by a suction pump (not shown in the drawings) that sucks this treated 

water. 	Without using the suction pump, it is optional to powerlessly filter 

the liquid to be treated by utilizing pressure head of the liquid to be treated, 

in the tank having the film cassettes 100 immersed therein. 
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[0079] 	The film cassette 100 is further equipped with side covers 50 as a 

pair of cover sections that is attached to the lower retaining sections 61 in a 

condition that the side covers 50 are aligned with both outermost film 

elements 220 out of the plurality of film elements 220. 

5 [0080] 	To this pair of side covers 50, there are rotatably fixed an upper 

retaining section 62 that retains upper end sections of footers (sealing 

sections) 223 of a plurality of the film elements 220 aligned on the lower 

retaining sections 61, and an attachment member 70 to which the 

treated-water collecting section 40 is attached. 	In particular, the upper 

10 retaining section 62 is rotatably fixed to the side covers 50 in a manner to 

make it possible to cancel retainment of the footers 223. 	On the other hand, 

the attachment member 70 is rotatably fixed or can be firmly fixed to the 

side covers 50. 

[0081] 	Furthermore, a clip plate section 80 for aligning treated-water 

15 takeout sections 224 of the plurality of headers 222 is interposed between the 

headers 222 of the plurality of the film elements 220 and the treated-water 

collecting section 40. 

[0082] 	(An embodiment of film element 220) 

The film element 220 exemplified in Figs. 8 and 9 is equipped with a 

20 filtration body section 221 that is used for solid-liquid separation, the header 

222 that collects the solid-liquid separation treated water from one end 

section of this filtration body section 221, and the footer 223 that 

liquid-tightly seals the other end section of the filtration body section 221. 

[0083] 	The filtration body section 221 comprises a flat plate filtration 

25 member. 	In the inside of this filtration member, a passage or gap is formed 
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as a space that allows the solid-liquid separation treated water to flow. 	As a 

specific embodiment of the filtration member, it is possible to cite one in 

which a filtration membrane has been formed on a water-permeable, flat 

plate supporting medium. 	It suffices to have a filtration function. 

5 Therefore, it is not limited to particular embodiments. 

[0084] 	As materials for constituting the filtration body section 221, the 

header 222 and the footer 223, it is possible to cite well-known inorganic 

materials exemplified by metals, ceramics, etc. applied to solid-liquid 

separation technology, or well-known organic materials exemplified by 

10 polymer resins, etc. 	It suffices that the constitutional materials have a 

strength that does not cause breakage by a gas-liquid mixture flow for 

washing the filtration body section 221 when the filtration body sections 221, 

the headers 222 and the footers 223 have been incorporated into the film 

cassette 100. 	Therefore, they are not particularly limited. 

15 [0085] 	The header 222 and the footer 223 are respectively liquid-tightly 

fixed to one end section and the other end section of the filtration body 

section 221 by bonding, welding or molding. 

[0086] 	The header 222 is formed at its upper end section with a 

treated-water takeout section 224 that is fitted to the treated-water 

20 collecting section 40. 	A constitutional material similar to that of the 

above-mentioned filter body section 221, the header 222, and footer 223 is 

applied to the treated-water takeout section 224. 	As the treated-water 

takeout section 224, it is possible to cite a cylindrical mode, but it is optional 

to apply a polygonal mode exemplified by triangle or rectangle other than 

25 circle in terms of transverse section. 
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[0087] 	As another mode of the film element 220, it is optional to use an 

embodiment having a frame that is provided at peripheral section of the 

filtration body section 221 and is made of the above-mentioned inorganic 

material or the above-mentioned organic material, and a treated-water 

5 takeout section 224 that constitutes one piece with one edge surface of this 

frame. 

[0088] 	(An embodiment of lower retaining section 61 and upper retaining 

section 62) 

As shown in Fig. 8, the lower retaining section 61 and the upper 

10 retaining section 62 are formed of the same constitutional elements and are 

in an upside-down relation relative to each other when the side covers 50 

have been attached. 

[0089] 	The lower retaining section 61 or the upper retaining section 62 is 

formed of a receiving body section 31 that supports the headers 222 or 

15 footers 223 of the film elements 220 in an aligned condition, a supporting 

section 32 that horizontally supports this receiving body section 31, and an 

attachment section 33 to which this supporting section 32, the side covers 50 

and an end cover 90 are attached. 

[0090] 	As shown in Fig. 10(a), the receiving body section 31 is formed with 

20 a plurality of grooves 34 at even intervals that vertically support the headers 

222 or footers 223 to align a plurality of the film elements 220. 

Furthermore, as shown in Figs 10(a) to 10(c), engaging sections 35 that 

engage with engaging holes 37 of the receiving body section 31 are 

projectingly formed on an attachment surface of the receiving body section 

25 31 facing the attachment section 33. 
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[0091] 	The length of the grooves 34 is secured such that the headers 222 

and the footers 223 can be placed in the grooves 34, even if the length of 

individual film element 220 has an individual difference. 	For example, the 

length of the groove 34 is set to be longer than outer diameter of the footer 

223 along the transverse direction of the filtration body section 221. 	The 

width of the groove 34 for placing therein the footer 223 is set to be 

somewhat wider than the width of the footer 223. 

[0092] 	The attachment section 33 is formed of a member having a U-shaped 

transverse section. 	Its front body section is formed with attachment holes 

36 of fasteners (not shown in the drawings) such as bolts and nuts for 

fastening this front body section and an end cover 90 together, and engaging 

holes 37 with which the engaging sections 35 of the receiving body section 31 

are engaged. 

[0093] 	On the other hand, both side body sections of the attachment section 

33 are formed with attachment holes 38 of the fasteners for fastening these 

side body sections and side covers 50. 	As shown in Fig. 10(e), the upper 

attachment hole 38 is formed into an L-shaped long hole, and the lower 

attachment hole 38 is formed into a long hole along the vertical direction. 

Due to such embodiment, in a condition that the upper retaining section 62 

is attached to both side covers 50, retaining the footers 223 and its 

cancelation become possible. 

[0094] 	An example of material for constituting the receiving body section 

31 is ethylene propylene diene rubber, but it is not limited to this material. 

Depending on the use environment of the film cassette 100, an elastic 

member having well-known strength and chemical resistance is suitably 
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selected and applied. 

[0095] 	The supporting section 32 and the attachment section 33 are formed 

by bending of a steel plate made of a steel material such as stainless steel 

(e.g., SUS304). 	It is also possible to fix this supporting section 32 to the 

5 attachment section 33 by a fastener, bonding or welding, depending on the 

material of the supporting section 32 and the attachment section 33. 

[0096] 	(An embodiment of treated water collecting section 40) 

The treated water collecting section 40 is formed of a water collecting 

body section 41, an upper end pipe section 42, and a lower end pipe section 

10 43. 

15 

[0097] 	As shown in Fig. 8, the water collecting body section 41 introduces 

the treated water from the treated-water takeout sections 224 of the film 

elements 220 in a condition that the treated-water takeout sections 224 of 

the plurality of headers 222, which are aligned by the clip plate section 80, 

are fitted into the water collecting body section 41. 

[0098] 	The water collecting body section 41 exemplified in Figs. 8 and 11 is 

formed with connecting holes 44 into which the treated-water takeout 

sections 224 are fitted, a water collecting path 45 that communicate with 

these connecting holes 44, a communicating water path 46 that 

20 communicates with this water collecting path 45, and a water passage 47 

that communicates with this communicating water path 46. 

[0099] 	As shown in Fig. 11, the connecting holes 44 are arranged at even 

intervals in the longitudinal direction of the water collecting body section 41, 

and their inner diameter is set to a diameter corresponding to the outer 

25 diameter of the treated-water takeout section 224. 	The water collecting 
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path 45 is formed to extend in the longitudinal direction of the water 

collecting body section 41. 

[0100] 	The upper end pipe section 42 is formed of a pipe that is vertically 

connected to an upper end section of the water collecting body section 41 to 

5 communicate with the water passage 47 such that the treated water is 

discharged from the water collecting body section 41. 

[0101] 	The lower end pipe section 43 is formed of a pipe that is vertically 

connected to a lower end section of the water collecting body section 41 to 

communicate with the water passage 47 such that the treated water 

10 supplied from the upper end pipe section 42 of another film cassette 100 

disposed immediately under the film cassette 100 of the present embodiment 

is supplied to the water collecting body section 41. 

[0102] 	The material for constituting the water collecting body section 41, 

the upper end pipe section 42 and the lower end pipe section 43 is 

15 

20 

exemplified by polyvinylchloride resin. 	It is, however, not limited to this 

material. 	Depending on the use environment of the film cassette 100, a 

steel material or resinous member having well-known strength and chemical 

resistance is suitably selected and applied. 

[0103] 	The water collecting body section 41, the upper end pipe section 42, 

and the lower end pipe section 43 are connected together by a well-known 

method, such as welding, adhesive, and bolt fixing, based on their material. 

[0104] 	In case that the film cassettes 100 are stacked, the upper end pipe 

section 42 of one film cassette 100 is formed such that an upper peripheral 

section of this upper end pipe section 42 is fitted to an inner peripheral 

25 surface in the vicinity of the lower end of the lower end pipe section 43 of 
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another film cassette 100 disposed immediately above this film cassette 100. 

This upper end pipe section 42 is liquid-tightly connected with the lower end 

pipe section 43 of the another film cassette 100 through a water stop member 

48 made of a rubber elastic body. 

5 [0105] 	Furthermore, the water collecting body section 41 is liquid-tightly 

connected to the treated-water takeout sections 224 with an interposal of 

0-rings made of rubber elastic bodies as water stop members between the 

clip plate section 80 and the water collecting body section 41. 

[0106] 	(An embodiment of side cover 50) 

10 The side cover 50 is formed of an elongated plate member. 	As the 

material for constituting the side cover 50, it is possible to cite a steel 

member such as stainless steel (e.g., SUS304). 	Depending on the use 

environment, a steel material or resinous member having well-known 

strength, water resistance, chemical resistance, weather resistance and 

15 corrosion resistance is suitably selected or combined and applied. 

[0107] 	As shown in Fig. 12, the side cover 50 is formed with attachment 

holes 51 of fasteners for fastening the lower retaining sections 61, and the 

upper retaining section 62 and the attachment member 70 to the side cover 

50. 	Furthermore, as shown in Fig. 13, depending on the use condition of the 

20 film cassette 100, holding sections 52 to which a lifting tool is connected are 

suitably attached to the side covers 50. 

[0108] 	(An embodiment of attachment member 70) 

As shown in Fig. 8, the attachment member 70 is formed of an 

attachment body section 71, to which the treated-water collecting section 40 

25 is attached, and a pair of support sections 72 that horizontally supports the 
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attachment body section 71 in a condition that the pair of support sections 72 

is rotatably fixed or firmly fixed to opposing surfaces of the pair of the side 

covers 50. 

[0109] 	Each of the attachment body section 71 and the support sections 72 

5 is formed of, for example, an elongated platy stainless steel, and they are 

formed into a single body by bending or welding to constitute the attachment 

member 70. 

[0110] 	The attachment body section 71 is formed with an attachment hole 

73 of a fastener for fastening this attachment body section 71 and a lower 

10 surface of the treated-water collecting section 40. 

[0111] 	Furthermore, attachment holes 73 of fasteners for fastening the 

support section 72 and the side cover 50 are formed also in the vicinity of the 

upper end and in the vicinity of the lower end of the support section 72. 

[0112] 	(An embodiment of clip plate section 80) 

15 As shown in Fig. 14, the clip plate section is formed of a flat platy 

member. 	Its clip plate body section 81 is formed with a plurality of through 

holes 82 of the treated-water takeout sections 224 of the film elements 220, 

which are arranged at even intervals along the longitudinal direction of the 

clip plate body section 81 in accordance with the number of film elements 

20 220 arranged. 

[0113] 	A recess section 83 for disposing therein a water stop member (not 

shown in the drawings) to achieve water stopping between the treated-water 

takeout section 224 and the treated-water collecting section 40 is formed at 

an outer periphery of an outlet of the through hole 82 opposed to the 

25 treated-water collecting section 40. 	In the present embodiment, it is 
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possible to stably interpose the water stop member between the 

treated-water takeout section 224 and the treated-water collecting section 

40. 

[0114] 	As the material of the clip plate section 80, it is possible to cite a 

5 well-known organic material exemplified by polymer resins such as polyvinyl 

chloride resin, etc. 	It is, however, optional to apply a well-known inorganic 

material exemplified by metals, ceramics, etc. 

[0115] 	The water stop member is exemplified by 0-ring, but an 

embodiment corresponding to the pipe shape of the treated-water takeout 

10 

15 

section 224 is adopted. 	As the material for constituting the water stop 

member, a water-stopping, well-known elastic member is suitably selected 

and applied, depending on the use environment of the film cassette 100. 	It 

is suitably selected, for example, from ethylene propylene diene rubber, 

ethylene propylene rubber, polytetrafluoroethylene, fluorine-based rubbers, 

silicone-based rubbers, etc. 

[0116] 	The inner diameter of the through hole 82 is set to be relatively 

larger than the outer diameter of the treated-water takeout section 224. 	In 

particular, it is more better to set the same to a diameter such that the 

movements of the treated-water takeout sections 224 in the horizontal 

20 direction can be limited when all the treated-water takeout sections 224 

have been fitted to the treated-water collecting section 40, by maintaining 

the distance between the treated-water takeout sections 224 in the clip plate 

body section 81 to be a constant error or less. 

[0117] 	In case that an upper end surface of the headers 222 for disposing 

25 thereon the clip plate section 80 is not horizontal, as shown in Fig. 14(c), if an 
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end surface of the clip plate section 80 that is to be opposed to the upper end 

surface is formed into a tapered shape corresponding to the inclined 

condition of the upper end section, it is possible to correct a connection 

surface between the clip plate section 80 and the treated-water collecting 

5 section 40 to make it horizontal. 

[0118] 	(An embodiment of assembly procedure of film cassette 100) 

With reference to Figs. 8 and 9, the assembly procedure of the film 

cassette 100 is explained. 

[0119] 	Firstly, the side covers 50 are fixed by fasteners to the attachment 

10 sections 33 of the lower retaining sections 61, which are disposed at positions 

corresponding to the headers 222 and the footers 223 of the film elements 

220. 	Then, the upper retaining section 62 and the attachment member 70 

are attached to the both side covers 50 in a condition that they project 

outwardly from the side covers 50. 	Then, the headers 222 and the footers 

15 223 of the film elements 220 are placed into all the grooves 34 of the lower 

retaining sections 61 corresponding to the headers 222 and the footers 223. 

Then, the upper retaining section 62 and the attachment member 70 are 

rotated to dispose them at fixing positions on the opposed surfaces of both 

side covers 50, and then they are fixed to the opposed surfaces by fasteners. 

20 Furthermore, both end covers 90 are fixed by fasteners to the lower retaining 

section 61, the upper retaining section 62 and the attachment member 70. 

[0120] 	Then, the clip plate section 80 is mounted on the treated-water 

takeout sections 224 of the film elements 220, which are aligned. 

Furthermore, water stop members are disposed at recess sections 83 of this 

25 clip plate section 80. 	Then, if the water collecting body section 41 of the 
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treated-water collecting section 40 is connected to these treated-water 

takeout section 224, the water collecting body section 41 is placed on the 

attachment body section 71 of the attachment member 70. 	To this water 

collecting body section 41, the upper end pipe section 42 and the lower end 

5 pipe section 43 are previously connected. 

[0121] 	Then, if this water collecting body section 41 is fixed to the 

attachment body section 71 by fasteners, assembly of the film cassette 100 is 

completed. 

[0122] 	If the end covers 90 are previously fixed to the lower retaining 

10 section 61 and the attachment member 70 on the side of the headers 222 and 

to the lower retaining section 61 and the upper retaining section 62 on the 

side of the footers 223, the efficiency of assembly work of the film cassette 

100 is improved. 

[0123] 	(Advantageous effect of the third embodiment) 

15 In the above film cassette 100, the headers 222 and the footers 223 of 

the plurality of film elements are placed in an aligned manner on the lower 

retaining sections 61. 	Furthermore, the upper end sections of the headers 

222 of these film elements 220 as a set are connected to the treated-water 

collecting section 40. 	Therefore, once the treated-water collecting section 40 

20 is removed from the upper end sections of the headers 222 of the plurality of 

the film elements 220, replacement of an arbitrary film element(s) 220 

becomes easy, thereby improving maintainability of the film cassette 100 as 

a unit. 

[0124] 	In particular, the upper retaining section 62 and the attachment 

25 member 70, which retain the footers 223 and the headers 222 of the film 
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elements 220, are rotatably fixed to the side covers 50. 	Therefore, it 

becomes easy to conduct an operation of fixing the film elements 220 and 

cancellation. 	This improves operability of assembly of the film cassette 100. 

In the above explanation, there is provided an embodiment in which the 

5 upper retaining section 62 and the attachment member 70 are rotatably 

fixed to the side covers 50. 	It is, however, optional to adopt an embodiment 

in which only the upper retaining section 62 is rotatably fixed to the side 

covers 50, in case that installation and/or replacement of the film elements 

220 can easily be conducted by removing the treated-water collecting section 

10 40. 

[0125] 	Furthermore, the treated-water collecting section 40 is fixedly 

placed on the attachment body section 71 of the attachment member 70. 

Therefore, it is possible to stably support the treated-water collecting section 

40 at the side covers 50. 

15 [0126] 	Furthermore, the upper end sections of the headers 222 are 

equipped with the treated-water takeout sections 224, which are fitted to the 

treated-water collecting section 40. 	With this, it becomes easy to position 

the connection of the treated-water collecting section 40 relative to the 

headers 222, thereby improving the connection operability. 

20 [0127] 	The clip plate section 80 for aligning the treated-water takeout 

sections 224 is interposed between the headers 222 and the treated-water 

collecting section 40. 	With this, positioning when aligning the film 

elements 220 becomes easy. 	Furthermore, it is possible to rapidly conduct 

putting the treated-water takeout sections 224 into the treated-water 

25 collecting section 40 and taking them out of the same. 	Therefore, the 
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connection operability of the treated-water takeout section 224 is improved. 

Furthermore, liquid-tightness between the headers 222 and the 

treated-water collecting section 40 is improved by using both of the clip plate 

section 80 and the water stop members. 

5 [0128] 	[Fourth Embodiment] 

As another embodiment of the present invention, it is possible to cite, 

for example, a film unit 110 shown in Fig. 15. 

[0129] 	The film unit 110 is a film unit immersed in a liquid to be treated, 

used for a solid-liquid separation treatment, and comprises a cassette 

10 stacked section 120 formed by stacking film cassettes 100, and an air 

diffusion section 130 that supplies air to the film cassettes 100 of this 

cassette stacked section 120. 

[0130] 	In the film unit 110 shown in the drawings, two cassette stacked 

sections 120 are aligned. 	The number of the cassette stacked sections 120 

15 aligned and the number of the stacked film cassettes 100 are not limited to 

those of the embodiment exemplified in the drawings, but are suitably set 

depending on the treatment amount of the liquid to be treated. 

[0131] 	(An embodiment of cassette stacked section 120) 

The cassette stacked section 120 is formed by stacking a plurality of 

20 film cassettes 100 in the height direction. 	An upper end pipe section 42 of 

one film cassette 100 is liquid-tightly connected with a lower end pipe section 

43 of another film cassette, which is disposed immediately thereabove, 

through a water stop member 48. 

[0132] 	A lower end opening section of a lower end pipe section 43 of a film 

25 cassette 100 disposed at the bottom is liquid-tightly sealed in advance by a 

36 



sealing lid 141. 	On the other hand, an upper end opening section of an 

upper end pipe section 42 of a film cassette 100 at the top is equipped with a 

flange section 151. 	To this flange section 151, there is liquid-tightly 

connected a flange section 171 of a transfer pipe 161 for transferring a 

5 solid-liquid separation treated water, which has been supplied from the 

upper end pipe section 42, to the outside of the system. 

[0133] 	In the cassette stacked section 120, upper peripheral sections and 

lower peripheral sections of the side covers 50 of the film cassettes 100, 

which are adjacent to each other in the height direction, are previously 

10 horizontally bent. 	As shown in Fig. 13, these upper peripheral sections and 

lower peripheral sections are formed with attachment holes 51 of fasteners 

for connecting the side covers 50 of the upper film cassette 100 and the side 

covers 50 of the lower film cassette 100. 	By connecting the lower peripheral 

sections of the upper film cassette 100 and the upper peripheral sections of 

15 the lower film cassette 100 by the fasteners, the film cassettes 100 are 

stacked in the height direction. 

[0134] 	Furthermore, holding sections 52 as shown in Fig. 13 are attached to 

the side covers 50 of the film cassette 100 at the top in the film cassettes 100, 

and a lifting tool not shown in the drawings is connected to these holding 

20 sections 52. 	With this, it becomes possible to take out and in the cassette 

stacked section 120 relative to the treatment tank in which the film unit 110 

is installed. 

[0135] 	(An embodiment of air diffusion section 130) 

The air diffusion section 130 is equipped with an air diffusion pipe 

25 131 and an air diffusion frame 132. 
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[0136] 	The air diffusion pipe 131 diffuses air supplied from a blower that is 

outside the system. 	To the air diffusion pipe 131, it suffices to suitably 

apply a well-known air diffusion device adopted in the waste water 

treatment technology. 

5 [0137] 	The cassette stacked section 120 is installed in a standing and 

detachable manner on an upper end section of the air diffusion frame 132, 

which is formed of a frame body receiving the air diffusion pipe 131 directly 

below the cassette stacked section 120. 	This frame body is disposed on the 

bottom section of the water tank in which the film unit is installed. 

10 [0138] 	Furthermore, the frame body of the air diffusion frame 132 is formed 

on its upper end section with positioning pins (not shown in the drawings) 

projecting for positioning the cassette stacked section 120. 	These 

positioning pins are inserted into the fasteners' attachment holes 51 at the 

lower peripheral sections of the side covers 50 of the film cassette 100 

15 disposed at the bottom of the cassette stacked section 120, thereby making it 

possible to position the cassette stacked section 120 on the air diffusion 

frame 132. 

[0139] 	Depending on the use environment of the film unit 110, similar to 

the side covers 50, a steel material or resinous member having well-known 

20 strength and chemical resistance is suitably selected and applied to the 

constituent material of the air diffusion frame 132. 

[0140] 	Furthermore, in a one-to-one correspondence between the air 

diffusion sections 130 and the cassette stacked sections 120, it is possible to 

take out and in a unit of the cassette stacked section 120 and the air 

25 diffusion frame 132 relative to the water tank, if previously joining the 
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cassette stacked section 120 and the air diffusion frame 132. 

[0141] 	Furthermore, as shown in Fig. 15(b), when taking out and in the 

cassette stacked section 120 relative to the water tank, a pair of guide pipes 

181 is installed in a standing manner in the water tank to guide rise and fall 

5 of the cassette stacked section 120. 	On the other hand, as shown in Figs. 

13(a) and 13(b), both side covers 50 of each film cassette 100 of the cassette 

stacked section 120 are equipped with a pair of guide receivers 53 to which 

the guide pipes 181 are loosely fitted. 

[0142] 	(An example of assembly procedure of film unit 110) 

10 With reference to Fig. 15, an example of assembly procedure of the 

film unit 110 is explained. 

[0143] 	Firstly, two film cassettes 100 are preliminarily arranged above and 

below in a condition that stop pins not shown in the drawings are inserted 

into the attachment holes 51 at the lower peripheral sections and the upper 

15 peripheral sections of the side covers 50 of the film cassettes 100. 	Then, the 

film cassettes 100 are stacked by attaching fasteners to the attachment holes 

51 after removing the stop pins therefrom. 	As exemplarily shown in the 

same drawing, repeating such procedure completes the cassette stacked 

section 120 with 10 stages of the film cassettes 100 stacked. 

20 

25 

[0144] 	A lifting tool is connected to the holding sections 52 of the film 

cassette 100 at the top to lift the cassette stacked section 120 and then take 

it into the water tank. 	Then, this cassette stacked section 120 is fixed to the 

air diffusion frame 132 in a condition that the film cassette 100 at the bottom 

is positioned by the positioning pins of the air diffusion frame 132. 	Then, 

the flange section 171 of the transfer pipe 161 is liquid-tightly connected to 
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the flange section 151 of the film cassette 100 at the top. 

[0145] 	As mentioned above, as shown in the same drawing, the cassette 

stacked sections 120 arranged in two lines are fixed to the air diffusion 

sections 130 in the water tank to complete the film unit 110. 

5 [0146] 	In the case of replacing the film element(s) 220 in the maintenance 

of the film unit 110, firstly, the flange section 171 of the transfer pipe 161 is 

removed from the flange section 151 of the cassette stacked section 120. 

Then, the holding sections 52 are attached to both side covers 50 of the film 

cassette 100 at the top of the cassette stacked section 120. 	Furthermore, in 

10 a condition that the lifting tool is connected to the holding sections 52, the 

fixation of the cassette stacked section 120 on the air diffusion frame 132 is 

canceled. 	Then, the cassette stacked section 120 is lifted by the lifting tool 

to take it out of the water tank. 	In this cassette stacked section 120 taken 

out, the film cassette 100 at the top is firstly taken out, and then the others 

15 are similarly taken out in order to separate all of the film cassettes 100. 

[0147] 	Then, the treated-water collecting section 40 is removed from the 

attachment body section 71. 	Furthermore, upper fasteners at the 

attachment member 70 and the upper retaining section 62 of the film 

cassette 100 are removed, and then the attachment member 70 and the 

20 upper retaining section 62 are rotated toward the outside of the side covers 

50. 	With this, replacement of the film element(s) 220 becomes possible. 

Furthermore, when operating the film unit 110, in case that the water tank 

is free from the water to be treated, it becomes possible to conduct a 

maintenance operation of the film unit 110 in the water tank. 

25 [0148] 	In the above explanation, there is provided an embodiment in which 
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the upper retaining section 62 and the attachment member 70 are rotatably 

fixed to the side covers 50, but the attachment mode of the upper retaining 

section 62 and the attachment member 70 to the side covers 50 of the present 

invention is not limited to this embodiment. 	For example, in case that the 

5 film element(s) 220 can be installed and replaced by rotating the upper 

retaining section 62 to the outside of the side covers 50 and then removing 

the treated-water collecting section 40, it is optional to adopt an embodiment 

in which only the upper retaining section 62 is rotatably fixed to the side 

covers 50. 

10 [0149] 	(Advantageous effect of the present embodiment) 

According to the above-mentioned film unit 110, during the process of 

stacking the film cassettes 100, it is possible to make a direct connection 

between the lower end pipe section 43 of one film cassette 100 and the upper 

end pipe section 42 of another film cassette 100 that is immediately below 

15 the one film cassette 100. 

[0150] 	Therefore, in the case of constituting the film unit 110 by a plurality 

of the film cassettes 100, no flexible tube becomes necessary, and a mutual 

connection of the film cassettes 100 becomes simple. 	This remarkably 

improves operability when conducting assembly of the film unit 110 and 

20 inspection and replacement of the film element(s). 

[0151] 	[Industrial Usability] 

The fields to which the present invention's film separation device, 

structure for arranging film element, and film cassette and film unit can be 

applied are water and waste water fields and various industrial waste 

25 waters, etc., and they are installed in a water tank to deal with these waters 
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to be treated. 

EXPLANATION OF SIGNS 

[0152] 	1, 17, 20 --- a film separation device 

2 --- a treatment tank 

5 3 --- a film unit 

4, 18 --- a guide mechanism 

5, 11 --- a film cassette 

6 --- an air diffusion frame 

7 --- a film element (filtration membrane) 

10 8 --- a combined water collecting section 

9 --- a retaining section 

10 --- a side cover 

12 --- an air diffusion pipe 

13 --- a supply port 

15 14, 16 --- a holding section 

14a, 16a --- a projection section, 14b --- an extension section 

16b --- a first extension section, 16c --- a second extension section 

15, 19 --- a guide section 

15a --- a tank-wall fixed section, 15b --- an upper extension section, 15c --- a 

20 held section, 15d --- a lower extension section, 15e --- a tank-bottom fixed 

section, 15f --- a connection section 

19a --- a tank-wall fixed section, 19b --- an upper extension section, 19c --- a 

held section, 19d --- a tank-bottom fixed section, 19e --- a connection section 

21 --- a foothold 

25 100 --- a film cassette 
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220 --- a film element, 221 --- a filtration body section, 222 --- a header (water 

collecting section), 223 --- a footer (sealing section), 224 --- a treated-water 

takeout section 

5 

40 --- 

42 --- 

a treated-water collecting section, 41 --- a water collecting body section, 

an upper end pipe section, 43 --- a lower end pipe section 

50 --- a side cover (cover section), 52 --- a holding section, 53 --- a guide 

receiver 

61 --- a lower retaining section 

62 --- an upper retaining section 

10 70 --- an attachment member, 71 --- an attachment body section, 72 --- a 

support section 

80 --- a clip plate section 

110 --- a film unit 

120 --- a cassette stacked section 

15 130 --- an air diffusion section, 131 --- an air diffusion pipe, 132 --- an air 

diffusion frame 

181 --- a guide pipe 
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CLAIMS 

1. A film separation device comprising: 

a treatment tank receiving therein a liquid to be treated; 

5 

10 

a plurality of film cassettes that are each equipped with filtration 

films for conducting filtration of the liquid to be treated, the plurality of film 

cassettes being stacked in a direction along height of the treatment tank; and 

a guide section that is provided in the treatment tank and guides the 

film cassettes to a predetermined position, 

characterized in that each of at least two film cassettes of the film 

cassettes has a pair of holding sections that is slidable relative to the guide 

section, and 

that the guide section has a held section that is fitted between the 

holding sections. 

15 

2. The film separation device as claimed in claim 1, which is 

characterized in that the guide section is fixed to a wall surface of the 

treatment tank and a bottom surface of the treatment tank. 

20 3. The film separation device as claimed in claim 1 or 2, which is 

characterized in that an upper end section of the held section is exposed out 

of the liquid to be treated. 

25 

4. The film separation device as claimed in any one of claims 1 to 3, 

which is characterized in that the held section comprises a pair of pipes, a 
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pair of rod-shape members, or a platy member. 

5. The film separation device as claimed in any one of claims 1 to 4, 

which is characterized in that an air diffusion frame is provided beneath the 

5 stacked film cassettes. 

6. A structure for arranging film elements, comprising: 

a plurality of film elements each equipped with a filtration body 

section for conducting a solid-liquid separation, a water collecting section 

10 that collects a treated water, which has been obtained by the solid-liquid 

separation, from one end section of the filtration body section, and a sealing 

section that liquid-tightly seals another end section of the filtration body 

section; 

a pair of lower retaining sections on which the water collecting 

15 sections and the sealing sections of the film elements are placed in a 

condition that the film elements are aligned; and 

a treated-water collecting section that collects the treated water from 

the water collecting sections in a condition that the treated-water collecting 

section is connected to upper end sections of the water collecting sections. 

20 

7. The structure for arranging film elements as claimed in claim 6, 

further comprising a pair of cover sections that is attached to the pair of 

lower retaining sections in a condition that the pair of cover sections is 

arranged in parallel with both film elements that are arranged outermost of 

25 the film elements. 
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8. The structure for arranging film elements as claimed in claim 7, 

further comprising an upper retaining section that retains upper end 

sections of the sealing sections in a condition that the upper retaining section 

5 is rotatably fixed to the pair of cover sections. 

9. The structure for arranging film elements as claimed in claim 8, 

further comprising an attachment member, to which the treated-water 

collecting section is attached, in a condition that the attachment member is 

10 rotatably or firmly fixed to the pair of cover sections. 

10. The structure for arranging film elements as claimed in claim 9, 

wherein the attachment member comprises an attachment body section to 

which the treated-water collecting section is attached, and a pair of support 

15 sections that horizontally supports the attachment body section in a 

condition that the pair of support sections is rotatably or firmly fixed to 

opposing surfaces of the pair of cover sections. 

11. The structure for arranging film elements as claimed in any one of 

20 claims 8 to 10, wherein the upper retaining section is rotatably fixed to the 

pair of the cover sections such that retainment of the sealing sections can be 

cancelled. 

12. The structure for arranging film elements as claimed in any one of 

25 claims 6 to 11, wherein the water collecting section is formed at an upper end 
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section thereof with a treated-water takeout section that is fitted to the 

treated-water collecting section. 

5 

13. The structure for arranging film elements as claimed in claim 12, 

wherein a clip plate section that aligns the treated-water takeout sections is 

interposed between the water collecting sections and the treated-water 

collecting section. 

14. A film cassette equipped with film elements, comprising: 

10 a plurality of film elements each equipped with a filtration body 

section for conducting a solid-liquid separation, a water collecting section 

that collects a treated water, which has been obtained by the solid-liquid 

separation, from one end section of the filtration body section, and a sealing 

section that liquid-tightly seals another end section of the filtration body 

15 section; 

a pair of lower retaining sections on which the water collecting 

sections and the sealing sections of the film elements are placed in a 

condition that the film elements are aligned; and 

a treated-water collecting section that collects the treated water from 

20 the water collecting sections in a condition that the treated-water collecting 

section is connected to upper end sections of the water collecting sections. 

15. The film cassette as claimed in claim 14, wherein the film cassette 

further comprises a pair of cover sections that is attached to the pair of lower 

25 retaining sections and the treated-water collecting section such that the pair 
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of cover sections is parallel with both film elements that are arranged 

outermost of the film elements, and 

wherein a holding section to which a tool for lifting the 

is connected can be attached to the pair of cover sections. 

film cassette 

16. 	A film unit comprising stacked film cassettes, each 

being the film cassette as claimed in claim 15. 

film cassette 
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