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ABSTRACT

A fluid separation apparatus 1s described, 1including a

casing and a separation module. The casing 1ncludes a mixed

fluid 1nlet, a separated fluid outlet through which a

selectively separated fluid 1s discharged, and a residual fluid

outlet. The separation module has a set of serially arranged

separation elements disposed therein and is insertable into the

casing from an end of the casing. The separation module

includes a first connection Jjig disposed between adjacent
separation elements, second connection 7Ji1gs disposed at two ends
of the set o0of serially arranged separation elements, and a

coupling jig coupling the first and the second connection jigs

to each other.
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FLUID SEPARATION APPARATUS AND METHOD OF SELECTIVELY SEPARATING

MIXED FLUID

Technical Field

[0001] This invention relates to a fluid separation apparatus that

selectively separates a specific fluid component from a fluid such

as a gas or water. In particular, this 1invention relates to a

fluid separation apparatus that increases separation capability by

F
pro

serially arranging separation elements, and a method ok

selectively separating a mixed fluid by using the fluid separation

apparatus.

Background Art

[0002] In recent vyears, membrane separation technology has been

e

used in the field of processing a large amount of fluid, such as

gas separation and city water treatment, due to the advantage 1n

—

terms of low initial cost. In particular, apparatuses 1includiling a

separation element disposed 1in a casing are used, and the

separation element 1s typically made from a ceramlc material

because a ceramic separation element has advantages such as being

easy to clean, being durable, and so on.

P
—

[0003] The separation element includes a membrane, a supporter oOr

the membrane, a channel member and so on that are integrated with

ﬁ

each other, while the shape of the separation element may vary

P

depending on the purpose of separation.

[0004] A gas separation apparatus has been disclosed (in Patent

Document 1 described later) that 1ncludes a gas separator

(corresponding to the above "separation element) having a gas

separation membrane, which allows only a specific gas component to

pass therethrough, disposed on a surface of a porous pase memper.

When separating a high-temperature gas, the closeness of contact
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F

between the gas separator and a fixing member for fixing the gas

pr—
s

separator may become insufficient due to thermal expansion of the

gas separator and the fixing member, and thereby gas leakage may

pr—n
—

OCCur. such gas leakage occurs, a specilfic gas component that

has passed through the gas separation membrane may become mlxed

with residual gas components, so that the specific gas component

pr——
—

cannot be efficiently separated.

[0005] To prevent this, the gas separation apparatus disclosed 1in

Patent Document 1 includes a gas separator, a contalner having a

recess 1n which the gas separator 1is contalned, a seal member

disposed 1in the gap between the outer peripheral surface of the
gas separator and a side wall, and a clamping member that clamps
and presses the seal member in an axial direction 1in the gap. The

pr— praa
—

ratio of the thermal expansion coefficient of the contalner to

p— g

that of the gas separator is in the range of 0.355 to 0.95, so thét

the occurrence of gas leakage from a joint portion between the gas

separator and a member that immovably holds the gas separator 1s

suppressed.

[0006] The flow rate of a fluid that passes through a fluid

separation membrane is limited to a certain range for the purpose

F
—

of realizing desired separation ability. The higher the

separation processing flow rate, the larger the membrane area

needed. Therefore, although a single separation element can be

ﬁ

used as a unit, in a case of processing a large amount of water 1in

p

a water treatment plant or processing a large amount of fluid for

gas separation, a large number of separation elements are serially

arranged so as to increase the membrane area and 1improve the

separation capability.

[0007] For this purpose, a fluid separation apparatus has been

disclosed that includes a plurality of separation elements, each
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F

of which is contained in a corresponding one of casilings that are

serially connected to each other using flanges, so as to 1ncrease

the filtration area and increase the water separation capabllity
(Patent Document 2 described below).
Citation List

Patent Documents

[0008] Patent Document 1: Japanese Laid-open Patent Publication No.
2011-189335

Patent Document 2: Japanese Laid-open Patent Publication No.

2004-2010649

*1

SUMMARY OF THE INVENTION

Problems to Be Solved by this Invention

[0009] A fluid separation apparatus including serially arranged

separation elements has a separation capability higher than that

I 1}

a fluid separation apparatus including a single separation

O

element. However, when the number of separation elements 1s

increased to increase the membrane area and the separation

capability, the number of flange portions increases 1in proportion

e

to the number of separation elements and the weight of the

#

entirety of the fluid separation apparatus 1ncreases.

g —
h—

uid separation

[0010] Moreover, when maintenance ot the

apparatus or repair or replacement of the separation elements

needs to be performed, the flange portions need to be disassembled

and assembled for each of the separation elements 1n the casings,

so that it is not easy to replace the separation elements. In
addition, during disassembly and assembly, the separation elements,

which are made from ceramic, may become broken and unusable, and

"

therefore replacement and repair of the elements may become

difficult.
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[0011] To solve the above problem, an object of an aspect of this

P
—

invention is to reduce the weight of a fluid separation apparatus

and facilitate the maintenance of the fluid separation apparatus

P

by making a separation module including a plurallity of serially

arranged separation elements be insertable and removable from one

ﬁ

end of a casing.

Means for Solving the Problems

[0012] Embodiments for solving the problems are described below.

Ttem 1 1is a fluid separation apparatus that selectively

separates a specific fluid component from a mixed fluid, which

comprises: a casing that includes a mixed fluid 1inlet, a separated

fluid outlet through which a selectively separated fluid 1s

discharged, and a residual fluid outlet through which a residual

fluid that remains after the selective separation has Dbeen

fr—
—

performed is discharged; and a separation module in which a set of

a plurality of serially arranged separatilion elements 1s disposed,

cach of the separation elements having a channel through which the

mixed fluid flows in an axial direction and selectively separating

the specific fluid component as a cross flow perpendicular to the

o

flow direction of the mixed fluid, the separation module being

insertable into the casing from an end of the casing. The
separation module includes a first connection J14g, second
connection jigs and a coupling Jig. The first connection Jig 1S

disposed between adjacent separation elements SO as to 1solate the

space around outer peripheral surfaces of the separation elements

from the space between the separation elements, has an opening
through which the channels are connected to each other, and has a
disk-like shape having an outer diameter larger than the outer

diameter of the separation elements. The second connection 731gs

—

are disposed at two ends of the set of the plurality of serially
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arranged separation elements such that each second connection jilg
isolates the space adjacent to an end surface of the set of the
serially arranged separation elements from the space around the
outer peripheral surfaces of the separation elements. Each second

connection jig has an opening through which the space adjacent to

the end surface 1is connected to a corresponding one of the

channels, and has a disk-like shape having an outer diameter
larger than the outer diameter of the separation elements. The
coupling jig couples the first and the second connection Jjigs to
each other.

Ttem 2 1is the fluid separation apparatus of Item 1 further
comprising: a seal member that isolates the space adjacent to the

- ot

end surface of the set of the plurality of serially arranged

separation elements from the space around the outer peripheral
surfaces of the separation elements by contacting the second

connection jigs and an inner peripheral surface of the casing.

Item 3 1s the fluid separation apparatus of Item 1 or 2 1in
which the casing includes an inlet-side cover memper 1n which the
mixed fluid inlet is formed, an outlet-side cover member 1n which
the residual fluid outlet is formed, and a cylindrical body in
which the separated fluid outlet 1s formed and 1in which the
separation module is inserted, at least one of the 1nlet-side

cover member and the outlet-side cover member beling seallingly

connectable to the cylindrical body using a flange. The fluid
separation apparatus further comprises a fixing member dilisposed
between the inlet-side cover member or the outlet-side cover
member and the cylindrical body. The fixing member has a disk-

like shape having an opening, and 1includes a protrusion that

protrudes toward a center of the opening from a position

corresponding to an inner peripheral surface of the casing and

contacts the
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second connection Jig.

P
—

ITtem 4 1is the fluid separation apparatus of any one or Items

to 3 in which the casing includes an inlet-side cover member 1in

which the mixed fluid inlet 1s formed, an outlet-side cover member

in which the residual fluid outlet 1is formed, and a cylindrical

body 1n which the separated fluid outlet 1is formed and in which

gr—

the separation module is inserted, at least one of the inlet-side

cover member and the outlet-side cover member being sealingly

connectable to the cylindrical body using a flange, and 1n which

cach second connection Jjig 1s disposed in the cylindrical body

such that the second connection jig 1s removable after the 1nlet-

side cover member or the outlet-side cover member has been removed.

p— o
e

Ttem 5 is the fluid separation apparatus of any one oI ltems

1 to 4 in which the casing has a wall thickness with which the

F

casing is capable of holding a fluid having a pressure 1n the

range of 1 to 15 MPaA.

~ - R

fluid separation apparatus of any one orf ltems

-

Item 6 1s the

1 to 5 in which one of the second connection Jigs has an outer

diameter larger than the inner diameter of the casing and 1s

e

capable of being integrally fixed to the casing using the flange,

and the other of the second connection jigs has an outer diameter

smaller than the inner diameter of the casing.

o~ -
— —

Ttem 7 is the fluid separation apparatus of any one oI ltems

1 to 6 in which the coupling jig is a rod whose length 1in the
axial direction is adjustable and that has a Jjoint portion
including a bolt and a nut.

pi—
p—

Ttem 8 1s the fluid separation apparatus of any one oI ltems

)

1 to 7 in which the coupling jig is cylindrical.

1]

ITtem 9 is the fluid separation apparatus of any one or lLtems

P

1 to 8 in which a plurality of sets of the plurality of serlally
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arranged separation elements are parallelly arranged 1in the

separation module.

Item 10 is a method of selectively separating a mixed fluid

using a fluid separation apparatus that selectively separates a

specific fluid component from the mixed fluid. The fluid

separation apparatus including a casing that includes a mixed

fluid inlet, a separated fluid outlet through which a selectively

separated fluid is discharged, and a residual fluid outlet through

which a residual fluid that remains after the selective separation

has been performed is discharged; and a separation module 1n which

P

a set of a plurality of serially arranged separation elements 1s

disposed, each of the separation elements having a channel through

which the mixed fluid flows 1in an axial direction and selectively

separating the specific fluid component as a cross flow

po—

perpendicular to a flow direction of the mixed fluid. The

separation module is insertable into the casing from an end of the

casing, and includes a first connection Jjig, second connection

jigs and a coupling Jjig. The first connection Jig 1s disposed
between adjacent separation elements so as to 1solate the space

P
P

around the outer peripheral surfaces of the separation elements

from the space between the separation elements, has an opening
through which the channels are connected to each other, and has a
disk-like shape having an outer diameter larger than the outer

diameter of the separation elements. The second connection 7J1gs

gr—

are disposed at two ends of the set of the plurality of serlally

arranged separation elements such that each second connection 7J1ig

F

isolates the space adjacent to an end surface of the set oOf the

serially arranged separation elements from the space around the

outer peripheral surfaces of the separation elements. Fach second

connection jig has an opening through which the space adjacent to
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the end surface 1s connected to a corresponding one of the

channels, and has a disk-like shape having an outer diameter

g—

larger than the outer diameter of the separation elements. The

coupling jig couples the first and the second connection Jigs to

each other. The method comprises: selectively separating the

specific fluid component as the cross flow perpendicular to the

-y
A

flow direction of the mixed fluid using the separation elements;

isolating a fluid that has been selectively separated from the

mixed fluid using the first connection Jjig; and 1solating the

selectively separated fluid from the mixed fluild using the second

connection jigs.

F

Item 11 is the method of selectively separating a mixed fluid

- p—
oy —

f Ttem 10 in which the mixed fluid has a pressure 1n the range of

O
1 to 15 MPaA.

P

ffect of this Invention

&

— —
p—

[0013] A fluid separation apparatus of an embodiment of this

invention is configured such that a separation module 1in which a

plurality of serially arranged separation elements are disposed 1s

insertable and removable from one end of the casing, so that the

p—
fp—

fluid separation apparatus is lightweight and has an advantage oI

easy malntenance. Thus, ease of replacement of separation

elements and assembly of the fluid separation apparatus can Dbe

considerably increased.

DRAWINGS

R

BRIEF DESCRIPTION OF TH.

0

[0014] FIG. 1 is a perspective view illustrating an example of a

fluid separation apparatus.

FIG. 2A illustrates an example of a monolithic separation

element.

—
p—

FIG. 2B i1llustrates an example OL

a hollow cylindrical
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separation element.

FIG. 2C illustrates an example of a separation element having

rectangular through-holes.

*

FIG. 2D illustrates an example of a tubular separation

element.

FIG. 3 is a schematic view 1llustrating how a separation

module is inserted into and removed from a casing.

FIG. 4 is a sectional view illustrating an example of a fluid

separation apparatus.

B

[

£3

FIG. 5A is a sectional view taken along line of F

N

G
FIG. 5B is a sectional view taken along line F-F of FIG. 4.

FIG. 6 is a sectional view illustrating an example of a fluid

separation apparatus including three separation elements.

43

FIG. 7 is a sectional view illustrating a second example of

second connection Jj1g.

FIG. 8A is a sectional view illustrating a third example of

the second connection J1g.

B

FIG. 8B 1is a sectional view 1llustrating an example of a

fixing member.

1)

FTG. 8C is a sectional view illustrating a second example O:

the casing.

"

FIG. 9A is a perspective illustrating a second example of a

coupling J1g.

FIG. 9B is a sectional view illustrating the second example

of the coupling Jjig.

FIG. 10 is a sectional view illustrating an example of a

fluid separation apparatus including a separation module 1in which

a plurality of separation element sets, each 1including serially

arranged separation elements, are parallelly arranged.

fluid

+h
Q

FIG. 11 illustrates an exemplary application oO:
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separation apparatus in a natural gas field.

EMBODIMENTS

g

[0015] Hereinafter, an embodiment of this invention 1s described

with reference to the drawlngs.

1. Fluid Separation Apparatus

f—

[0016] A fluid separation apparatus of this embodiment, which

pr— |}
—

selectively separates a specific fluid component from a mixed

fluid, includes:

(A) a casing 20 that includes a mixed fluid 1inlet 21, a

separated fluid outlet 28 through which a selectively separated

fluid is discharged, and a residual fluid outlet 22 through which

a residual fluid that remains after the selective separation has

been performed is discharged; and

gr— y—
—

(B) a separation module 10 in which a set of a plurality of

.

serially arranged separation elements 2 1is disposed, each of the

separation elements 2 having a channel through which the mixed

fluid flows 1in an axial direction and selectively separating the

specific fluid component as a cross flow perpendicular to the flow

i

direction of the mixed

| -

"luid, the separation module belng

insertable into the casing from an end of the casing.

The separation module 1includes:

(BR1) a first connection Jjig 7 that 1s disposed Dbetween

adjacent separation elements 2 so as to 1solate the space around

outer peripheral surfaces of the separation elements 2 from the
space between the separation elements 2, has an opening through
which the channels are connected to each other, and has a disk-

like shape having an outer diameter larger than the outer diameter

F

of the separation elements 2,

(B2) second connection Jigs 8 that are disposed at two ends
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ﬁ

of the set of the plurality of serially arranged separation

elements 2 such that each second connection ji1ig 1solates the space

gr— -

adjacent to an end surface of the set of the serially arranged

separation elements 2 from the space around the outer peripheral

F

surfaces of the separation elements 2, each second connection 7Jig

8 having an opening through which the space adjacent to the end

gr—

surface 1s connected to a corresponding one of the channels and

having a disk-like shape having an outer diameter larger than the

outer diameter of the separation elements 2, and

(B3) a coupling jJig 9 that couples the first and the second

connection jJi1gs /7 and 8 to each other.

[0017] The fluid separation apparatus further 1i1ncludes:

(B4) a seal member S that isolates the space adjacent to the

ﬁ gr—

end surface of the set of the plurality of serially arranged

separation elements 2 from the space around the outer periphera.

—

surfaces of the separation elements 2 by contacting the second

F

connection jigs 8 and an inner peripheral surface of the casing Z20.

[0018] FIG. 1 is a perspective view i1llustrating an example of the

fluid separation apparatus. In FIG. 1, a fluid separation
apparatus 1 includes the casing 20 and the separation module 10,

which are respectively shown by broken lines and solid lines.

(B) Separation Module

[0019] The separation module 10 1s insertable and removable from

one end of the casing Z20. The separation module 10 1includes the

he—r.

first connection jig 7 and two second connection Jigs 9. The

first connection jig 7 1s disposed between adjacent separation

elements 2. FEach of the second connection Jjigs 8 1s disposed at a

f— gr—
-

corresponding one of the ends of a set of the separation elements

F

2, which are coupled to each other. Each of the separation

elements 2 is interposed between the first connection Jig / and a



CA 028b3453 2014-04-24

r—

corresponding one of the second connection 7jigs 8. The first

connection Ji1g 7 and the second connection 7jJigs 8 are coupled to
each other using coupling 7Jjigs 9. As a result, the separation
elements 2 are 1ntegrated 1into the separation module 10, and
thereby the separation elements 2 can be carried or transported
not as individual separation elements 2 but as the separation

module 10.

[0020] Each of the separation module 10 selectively separates a

fluid that can pass through a separation membrane from a mixed

pre——

fluid that flows into the casing 20 through the 1inlet of the

casing 20. The separated fluid flows toward the outer periphery

of the separation module 10, and 1s discharged through the

b

"luid that remains after a

separated fluid outlet 28. A residual

L.l

fluid has been separated 1s discharged 1in the

part of the mixed

o

axlial direction of the separation elements 2.

[0021] Each of the separation elements 2 has a channel through

which a mixed fluid flows 1in the axial direction, and selectively

— p— -
p—

separates a specific fluid component as a Cross

ow, which 1s

perpendicular to the flow direction of the mixed fluild. The
separation elements 2 are serially arranged 1n the separation

module 10.

[0022] The separation element of this embodiment does not perform

separation on the entire amount of fluid that 1s fed thereto.

Instead, the separation element is a cross—-flow separation element,

to which a material fluid 1s fed as co-current flow, which 1s

parallel to the membrane surface, and a specific fluid component

is separated through the membrane in the direction perpendicular

to the co-current flow. Therefore, the membrane area 1s 1ncreased

and the separation capability is improved by serially coupling the

separation elements together. For example, there are the
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following modifications of the separation element.

[0023] FIG. 2A 1llustrates an example of a monolithic separation

eiement. Here, the term "monolithic" refers to a structure having

a base member and porous membranes. The base member 1s a

p

cylindrical porous body through which a plurality of through-holes,

which serve as a fluid channel, extend 1n the axial direction.

The porous membranes are formed on the i1nner walls of the through-

holes and have an average pore diameter smaller that that of the

base member. The separation element 2 1llustrated 1n FIG. Z2A

1ncludes a base member and separation membranes. The base member

pre——

1s a cylindrical porous body 'in which a plurality of through-holes

3, which serve as a mixed fluid <channel, are formed. The

separation membranes are thin membranes made from a porous

material and formed on the 1inner walls of the through-holes 3

F

and/or on the outer peripheral surface of the porous body. The

separation membranes have an average pore diameter smaller than

ph— gr—

that of the base member and allow a part of the mixed fluid to

pass therethrough. When a mixed fluid passes through the through-

g [] pr—
p—

holes, a specific fluid component o

the mixed fluid that can pass

through the separation membrane passes through the separation

membrane and 1s discharged as a separated fluid 1n the radial

direction.

and

[0024] FIG. 2B illustrates an example of a hollow cylindrical

separation element. As illustrated in FIG. 2B, there may be only

Fluid channel.

Ll

one through-hole 3, which serves as a

[0025] FIG. 2C 1illustrates an example of a separation element

having rectangular through-holes. The separation element 2

illustrated in FIG. 2C has rectangular through-holes 3. The

pre—
amd

length of the fluid channel may be increased by sealing a part or

ends of some of the through-holes 3 illustrated FIG. 2C so that a
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fluid can pass from the through-holes 3 to adjacent through-holes

3 at the end portions.

[0026] FIG. 2D 1llustrates an example of a tubular separation

element. The tubular separation element 1ncludes a bundle of a

r—

large number of tubes 3a, whose one or both ends 1is/are fixed.

e  anad

FEach of the tubes 3a 1tself serves as a base member having a

separation function.

pr— o

[0027] The average pore diameter of the porous material of the

F

separation membrane and the average pore diameter of the porous

F

body of the base member are appropriately determined 1n accordance

with a desired separation capability (the particle diameter of a

P
—

substance that 1s to be passed and the particle diameter of a

substance that is to be trapped) and the amount of fluid to be

passed (the processling amount). In general, the average pore

diameter of the porous material of the separation membrane 1s 1n

P

the range of about 0.1 nm to 1.0 um, and the average pore dlameter

- pr—n C‘

of the porous body of the base member 1s 1in the range of about one

to several hundred micrometers.

gr—
p—

[0028] The materials of the base member and the separation

membrane of the separation element 2, which are 1norganic

materials, are not particularly limited, as long as a porous

ﬁ

structure can be formed from the inorganic material. Examples of

such inorganic materials include zeolite, =zirconia, a-alumlna, 7Y-

alumina, silica, cordierite, mullite, titanium oxide, fused silica,

silicon carbide, silicon nitride, aluminium titanate, and lithium

#
—

aluminium silicate. The separation element 2 may be made from

carbon.

pm—
—

[0029] A zeolite membrane 1is an example of a separation membrane

| P

"or separating carbon dioxide (hereinafter referred to as CO;). A

zeolite membrane is a membrane that performs gas separation using
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pores 1n a crystal structure, which 1s represented by that of

Deca-Dodecasil 3R (DDR) zeolite. DDR zeolite, which 1s preferably

used as a CO, separation membrane, 1s malnly composed of silica

F

(S10;) and has a polyhedral structure having pores formed of eight-

F

membered ring of oxygen atoms. The pore diameter of DDR zeolite

1s as small as 4.4 x 3.6 angstroms, so that DDR zeollte can

selectively separate CO,.

[0030] By using a separation membrane for separating CO;, CO; can

be selectively separated <from, for example, a mixed fluid

including methane and CO,.

ﬁ

[0031] A hydrogen-permselective metal membrane 1s an example of a

separation membrane for separating hydrogen. A hydrogen-

permselective metal membrane 1s a membrane that employs the

solubility of hydrogen in a hydrogen-permselective metal (such as

palladium (Pd) or a palladium alloy).

h

?. Method of Inserting/Removing Separation Module into/from Casing

[0032] FIG. 3 1s a schematic view illustrating how a separation

module 1is inserted into and removed from a casing. The separation

module 10 1s sized so as to be insertable into a cylindrical body

20 of the casing Z20. Therefore, as indicated by arrow 100, the

separation module 10 can be inserted into the casing 20 by pushing

the separation module 10 downward from one end of the casing 20,

and the separation module 10 can be removed from the casing 20 by

pulling the separation module 10 upward from one end of the casing

20. In FIG. 3, the separation module 10 is 1inserted or removed

vertically. However, when the fluid separation apparatus 1 1s

placed horizontally, the separation module 10 1s 1inserted oOr

removed horizontally.

[0033] When the separation module 10 has been removed from the

casing 20, the separation elements 2 can be replaced on the spot
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by removing the coupling 3jigs 9. The separation module 10 may be

carried to another workplace, where the separation module 10 can

be scrutinized and repair and replacement can be performed.

[0034] Thus, the separation module 10 can be 1inserted 1into and

removed from the casing 20 from one end o©of the casing Z20.

Therefore, the efficiency 1n replacing the separation element and

the efficiency 1n assembling the fluid separation apparatus can be

considerably 1improved as compared with the separation apparatus

"langes need to be

[ —

described 1n Patent Document 2, with which

ﬁ

disassembled for each of the separation elements.

P
—

[0035] FIG. 4 is a sectional view 1llustrating an example of a

ﬁ
e

fluid separation apparatus. Referring to FIG. 4, components of

the fluid separation apparatus are described below 1n more detail. .

Any fluid, such as a gas, a liquid, or a supercritical fluid, may
be subjected to separation.

(A) Casing

[0036] The casing 20 includes: the mixed fluid 1inlet Z21; the

separated fluid outlet 28, through which a selectively separated

fluid 1s discharged; and the residual fluid outlet 22, through

which the residual fluid that remalns after the selective

separation has been performed i1s discharged.
[0037] The casing 20 may include an inlet-side cover member 24, an

outlet-side cover member 25, and the cylindrical body 26 disposed

between the members 24 and 25. In this case, flange portions Fl

are formed at an end of the inlet-side cover member 24 and at one

end of the cylindrical body 26, and the flange portions FL are

sealingly connected to each other using a seal member such as a

o
e

gasket or an O-ring. Flange portions F2 are formed at an end of

F

the outlet-side cover member 25 and at the other end of the

cylindrical body 26, and the flange portions FZ are sealingly
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connected to each other, as with the flange portions Fl. The

casing 20 o

other

[0038]

flange

- the fluid separation apparatus 1 does not have any

portions.

The material of the casing 20 1s appropriately selected

from materials such as stainless steel with consideration of the

processing condition and the corrosiveness of fluids. In FIG. 1,

the cyvlindrical body 26 of the casing 20 1is 1llustrated by broken

lines. In the drawings, the separated fluid outlet 28 1s formed
on a side of one of the separation elements that 1s located
adjacent to the residual flulid outlet. However, a plurality otf
separated fluid outlets 28 may be formed in the casing 20 so as to

—

correspond to the positions of the separation elements.

[0039] The wall of the casing may have a thickness such that the

—

casing can hold a fluid having a pressure 1in the range of 1 to 15

MPaA.
[0040]

For

example, 1n the case of separating CO; from an

associated petroleum gas that is obtained from an o1l well 1n the

ﬁ

process of enhanced o0il recovery (EOR), the gas pressure 1s low

because the gas has been separated from oil under reduced pressure.

g

In order to reduce the volume flow rate of gas and reduce the

membrane area, a gas fluid 1s pressurized to a pressure higher

than 1 MPaA, and 1s then processed using the fluid separation

apparatus 1.

[0041]

P

In the case of separating CO, from natural gas produced 1in a

gas field to obtain a methane-rich gas as a residual fluid, the

pressure of

pressure

the natural gas 1s considerably high, and the design

may be as high as 15 MPaA. Therefore, the fluid

separation apparatus 1 need to have a high pressure resistance.

For example,

B16.2-2009)", 1n the case O:

according to "Pipe Flanges and Flanged Fittings (ASME

#
—

EOR processing, the desilign pressure
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r—
p—

may be 1 MPaA and the minimum thickness of a flange 1s 31.8 mm

(where the design temperature range is -29 to 100°C and the inner

diameter of the casing

F

20 1s 12 inches (class 150)). In the case

of natural gas processing, the design pressure may be as high as

P

15 MPaA (the same size) and the minimum thickness of a flange 1s

123.9 mm.

[0042] Thus, the higher the pressure Oo:

flanges F1 and FZ.

1its middle, the weight o:

increased and thereby

pr—
p—

a fluid, the thicker the

If a casing has a heavy and thick flange 1n

b 1)

the fluid separation apparatus 1s

maintenance of the apparatus 1s difficult.

P

In contrast, the casing of this embodiment does not have a flange

in its middle, so maintenance can be easily performed.

e

[0043] The first conne

ﬁ

channels of the separa

The first connection

(B1) First Connection J1g

ction jig 7 has an opening through which the
tion elements 2 are connected to each other.

jig 7 1s disk-shaped and has an outer

p——

diameter larger than that of the separation elements. The first

connection jig 7 1s disposed between adjacent separation elements

? so as to isolate the space around the outer peripheral surfaces

P

elements 2.

of the separation element 2 from the space between the separation

[0044] The first connection jig 7 is provided so as to serially

and sealingly connect

the separation elements 2 1in the casing 20.

Seal members S described below are disposed at connection portions

between the first connection jig 7 and the separation elements 2.

-y

The outer diameter of

the first connection Jjig 7 1s smailer than

the inner diameter of the casing 20 but larger than the outer

o

diameter of the sepération element 2. The inner diameter of the

separation element 2.

first connection jig 7 is smaller than the outer diameter oL the
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[0045] The shape of the first connection jig 7 1s not partilicularly

limited as long as a desired function can be realized. As

illustrated in FIG. 5A, the first connection jig 7 1s an annular

member having an opening therein. In the example 1llustrated 1in

-

FIG. 4, the first connection jig 7 has a vertical cross section

that 1s substantially T-shaped. The first connection Jji1g 7/ may

have a plurality of openings through which the separation elements

are connected to each other.

[0046] FIG. HA is a sectional view taken along line E-E of FIG. 4.
The first connection Jig 7, which has a vertical cross section
that 1s substantially T-shaped as illustrated 1n FIG. 4, has a

horizontal cross section that has a disk-like shape having an

opening as illustrated in FIG. 5A. There is a gap 13 between the

casing 20 and the first connection jig 7, and a separated fluid

can pass through the gap 13, because the first connection Jig 7/

has an outer diameter smaller than the 1nner diameter of the

casing 20. The first connection jig 7 has an opening 14 through

which the separation elements are connected to each other.

[0047] FIG. 5B is a sectional view taken along line F-F of FIG. 4.

The seal members S are disposed between the first connectlon Jig 7/

F
—

and the separation elements 2 so as to block passage of fluid.

Therefore, a fluid passing through the through-holes 1in the

separation elements 2 is prevented from leaking to the space

around the outer peripheral surfaces of the separation elements.

(B2) Second Connection Jig

[0048] The second connection Jjigs 8 each have a disk-like shape
having an opening through which the space adjacent to an end

surface of a set of the serially arranged separation elements 2

and the channel of a corresponding one of the separation elements

pr——

? are connected to each other. The outer diameter of the second
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connection jigs 8 is larger than that of the separation elements 2.

~—— —

The second connection jigs 8 are disposed at ends of the set of

the serially arranged separation elements 2 so as to 1solate the

spaces adjacent to the end surfaces of the separation elements 2

gr—

from the space around the outer peripheral surfaces of the

separation elements 2.

P

[0049] The second connection jigs 8 each may have a plurality ot

openings through which the space adjacent to the end surface and

the channel of the separation element 1s connected to each other.

As shown in FIG. 4, seal members S described below are disposed at

a connection portion between each second connection Jjig 8 and a

gt

corresponding one of the separation elements and at a connection

portion between each second connection jig 8 and the casing. The

second connection Jjigs 8, which are disposed at ends of the

coupled separation elements 2, each have a vertical cross section

that 1s substantially L-shaped as shown 1in FIG. 4. The second

connection jigs 8 each have a horizontal cross section (not shown)

that has a disk-like shape having an opening as with the first

connection jig 7.

Jr—
g

[0050] The second connection jigs 8, which are disposed at ends of

the set of the serially arranged separation elements 2, may have

g
—

the same shape or may have different shapes. In this embodiment,

the second connection jigs 8 have the same shape as shown 1n FIGs.

1 and 4. The second connection Jjigs 8 shown 1in FIG. 4 are not

directly fixed to the flange portions F1 and FZ, Dbut are
indirectly connected to the cylindrical body 26 through the seal

mempers S.

(B4) Seal Member

[0051] The seal members S 1solate the spaces adjacent to the end

surfaces the set of the serially arranged separation elements from

_..20_
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plr—

the spaces around the outer peripheral surfaces of the separation

elements by contacting the second connection 7Jjigs and the inner

peripheral surfaces of the casing.

[0052] To make the separation module 10 be 1nsertable 1into and

removable from the casing 20, the second connection jigs 8 are not

fixed to the casing 20 wusing flanges. Instead, the second
connection jigs 8 are closely attached to the casing 20 using the

seal members S.

[0053] The seal members S are disposed between the outer

peripheral surfaces of the separation elements and the 1nner

F

peripheral surface of the first connection Jig and between the

F
—

outer peripheral surface of the second connection Jigs and the

—

inner side wall of the cylindrical body. Thus, the fluid flowiling

through the through-holes in the separation elements 1s prevented

C

from leaking to a space B around the outer peripheral surfaces of

e

the separation element and the space B 1s 1solated from a space C

F

adjacent to an end surface of the set of the separation elements,

ﬁ

and thereby leakage of the fluid 1s prevented. As a result, a

ity
bt

ficiently separated. The shapes

specific fluid component can be e:

and the materials of the seal members S are not partilicularly

limited. The seal members S may be made by processing an elastic

material such as a rubber or a silicone resin s80 as to form an

appropriate shape, such as that of an O-ring, a sheet packing, or

a gasket.

[0054] It is preferred that the seal members S be disposed soO as

to be pressed between the first connection Jig 7 or each second

connection Jig 8 and the inner peripheral surface of the

cylindrical body 26 so that the seal members S are 1n pressed

contact with the members 7 or 8 and the inner peripheral surface

of the cylindrical body 26. By disposing the seal members S5 SO as
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to be pressed between the first and second connection Jjigs / and 8

P

and the cylindrical body 26, the closeness of contact between the

ﬁ

seal members S and the inner peripheral surface of the cylindrical

ﬁ

body 26 and the closeness of contact between the seal mempbers S

A

and the first and the second connection jigs 7 and 8 are 1ncreased,

and thereby leakage of the fluid 1is reduced to a consilderably

small amount.

(B3) Coupling Jig

[0055] The <coupling Jigs couple the first and the second

connection 7jJigs to each other. The coupling Jigs, for example,
are rods each having a bolt and nut joint portion and whose length

in the axial direction 1s adjustable.

[0056] The coupling Jjigs 9 are capable of removably coupling the

first connection jigs 7 and the second connectilions Jji1g 38 that are

located adjacent to each other. The coupling Jjigs 9 each may be

have a plate-like shape or a bar-like shape and may be made from a

metal such as a stainless steel or from a polymer material having

a high strength. In FIG. 3, each of the coupling jigs 9 1includes

a threaded rod and a nut that can be screwed onto the rod. It 1s

difficult to fix two second connection Jjigs 8 to each other by

using one rod extending through the first connection jig / because

the rod need to be screwed into the two Jigs 8. Therefore, this

embodiment is configured such that the coupling jigs 9 are first

screwed into the second connection Jjigs 8 and then the first
connection Jjig 7 can be attached to the coupling Ji1gs 9 Dby

screwlng the nuts.

P

[0057] The length of each coupling jig 9 need not correspond tO

the distance between two adjacent connection Jigs. Instead, the

it
—

coupling jig 9 may have a length corresponding to the length of

two or more separation elements 2 that are coupled together.
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ﬁ

[0058] By using a rod as the coupling jig 9, even 1f the length of

the separation element 1n the axial direction changes, the

separation element can be easily fixed 1n the separation module by

F

adjusting the length of the rod.

[0059] It 1is preferred that the coupling 3J1gs 9 be arranged at a

regular pitch. As shown in FIG. 5A, eight coupling jigs 9 (rods)

can be arranged on the first connection jJi1ig 7. For example, by

arranging four coupling jigs 9 on the mixed-fluid-inlet side of

the first connection jig 7 at a pitch of 90° from a start point

corresponding to 0° and arranging four coupling Jigs 9 on the

residual-fluid-inlet side of the first connection jig 7 at a pitch

F

of 90° from a start point corresponding to 45°, the coupling jigs 9

can be arranged so as to be discontinuous 1n the axial direction.

The coupling jigs 9 are fixed to the first connection Jjl1g / using

nuts.

p—

[0060] With the above structure, when a plurality of separation

F

elements are disposed in the casing 20, the weight of the fluid

separation apparatus per one separation element can be reduced

subre

without decreasing the separation capability per footprint as

compared with an existing fluid separation apparatus (see Patent

Document 2), in which a flange 1s provided so as to correspond to

#

each of the separation elements. As a result, ease of installing

the fluid separation apparatus 1s 1ncreased. When disassembling

the fluid separation apparatus 1 in the event of a malfunction of

o

the separation element 2, a plurality of separation elements can

be removed as a unit by removing a cover member of the casing 20

pr——

and then the conditions of each of the separation elements can Dbe

’

examined. Hence, ease of replacement of the separation elements

and other maintenances 1s 1ncreased.

3. Modifications of Fluid Separation Apparatus
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[0061] FIG. 6 1is a sectional view 1llustrating an example of a

fluid separation apparatus including three separation elements.

g

As shown in FIG. 6, the number of separation elements 2 may be two

Oor more. In this case, the number of separation elements 2 1S

g
v

three, and the number of first connection Jigs 7 disposed between

adjacent pairs of separation elements 2 1is two.

[0062] FIG. 7 is a sectional view illustrating a second example of

y—

a second connection jig. One of the second connection jiligs may be

a connection jig that have an outer diameter larger than the 1nner

diameter of the casing and is capable of being integrally fixed to

the casing using the flange, and the other second connection Jig

may have an outer diameter smaller than the inner diameter of the

Ca~Sing .

[0063] A second connection jig 8A shown in FIG. 7 may be disposed

on the side from which the separation module 10 1s extracted. The

-

second connection Jjig 8A 1is fixed to the flange portion Fl.

Therefore, the gap shown in FIG. 4, which is formed between each

second connection jig 8 and the inner peripheral surface of the

po— p—

casing, need not be sealed, so that the risk of leakage of fluid

can be reduced.

[0064] Even when the second connection Jjig 8A 1s used, a second

connection jig 8 shown in FIG. 4 1is used on the residual-fluid-

discharge side. The separation module 10 can be inserted into and

ﬁ

removed from the casing from one end of the casing, because the

second connection jig 8 has an outer diameter smaller than the

inner diameter of the casing.

[0065] FIG. 8A is a sectional view illustrating a third example of

the second connection 7Jjig. A second connection jig 8B shown 1in

FIG. 8A is indirectly connected via the seal member S to a fixing

member 15 that is integrally fixed to the flange portion Fz2. The
— 24 —_
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fixing member 15 has an 1inner diameter smaller than that of the

F

cylindrical body 26 of the casing. Therefore, when the separation

module 10 is inserted into the casing from the mixed-fluid-inlet

side, the seal member S disposed on the outer peripheral surface

F-

of the second connection Jig 8B can be brought 1nto close contact

ﬁ

with the fixing member 15 without contacting the inner surface of

the cylindrical body 26.

[0066] FIG. 8B 1is a sectional view 1llustrating a second example

r—
—

of a fixing memberls. The fixing member 15 shown in FIG. 8B 1s

sandwiched between the inlet-side cover member 24 or the outlet-
side cover member 25 and the cylindrical body <260. The fixing

member 15 has a disk-like shape having an opening and 1includes a

protrusion 15A that protrudes from a position corresponding to the

inner diameter of the casing 20 toward the center of the opening

and contacts the second connection 7jig 8. When 1inserting the

p—

separation module 10 from one side of the casing 20, an end of the

separation module in the insertion direction abuts agalnst the

protrusion 15A, so that the movement of the separation module 10
in the insertion direction 1s restrained, whereby the separation

module 10 can be disposed at an appropriate position in the casing

20. As shown in FIG. 8A, the fixing member 15 may have an inner

diameter smaller than that of the c¢ylindrical body 26 of the

casing so that the seal member S can be brought into close contact

with the fixing member 15 without contacting the 1nner surface ot

the cylindrical body 26.

[0067] FIG. 8C is a sectional view illustrating a second example

of the casing. A protrusion 15B, which protrudes toward the

F

center of the casing 20, is formed at an end of the casing 20 as

with the fixing member 15 shown 1in FIG. 3B. Thus, when the

separation module 10 has been inserted, the separation module 10

_25_



CA 02853453 2015-10-07

can be immovably disposed at an appropriate position 1n the casing

20.

[0068] FIG. 9A is a perspective view 1llustrating a second example

of a coupling jig, and FIG. 9B 1is a sectional view 1llustrating

—

the second example of the coupling jig. A coupling jig 9A shown

in FIG. 9A has a hollow cylindrical shape and has openings 12
through which a separated fluid passes. The coupling Jjig 9A 1s

fixed to the first connection jig 7 and the second connection 7j1gs

8 using fasteners 11 such as bolts and nuts, and thereby the first

connection Jig 7 and the second connection Jigs 8 are 1ntegrated

wlith each other. By wusing the cylindrical coupling 3jig, the

holding strength can be increased.

[0069] FIG. 10 is a sectional view 1llustrating an example of a

fluid separation apparatus including a separation module 1in which

*

a plurality of separation element sets, each including serially

arranged separation elements, are parallelly arranged. In a fluid
separation apparatus 1A shown in FIG. 10, a plurality of
separation element sets, each including serially arranged

separation elements, are parallelly arranged, so that not only a

desired separation capability <can Dbe obtained Dbut also the

processing flow rate can be 1ncreased. Thus, a high processing

*

flow rate can be achieved by using a smaller number of parallelly

arranged fluid separation apparatuses. A first connection jig 7/C

and a second connection jig 8C shown in FIG. 10 respectively have

pp—
ppr—

a larger number of openings than the first connection jig 7 and

the second connection jig 8 shown in FIG. 4 in accordance with the

ﬁ

number of separation element sets. The plurality of separation

element sets are integrated into the separation module 10 Dby

disposing the separation elements between the first connection 719

7 and the second connection Jjigs 8 and by coupling the first

_26_



CA 02853453 2015-10-07

connection 7jig 7 and the second connection 7jJigs 8 to each other

using the coupling Jigs 9. The modifications of the first

connection Jjig 7C and the second connection 7jig 8C, which are

shown 1in FIGs. 7 to 8C, may be used.

b

4. Exemplary Application of Fluilid Separation Apparatus
[0070] FIG. 11 illustrates an exemplary application of a fluid
separation apparatus in a natural gas field. The fluid separation

H

apparatus 1 for separating CO; 1s disposed downstream oI

preprocessing equipment for removing condensate, water, and

impurities. After CO, has been separated, the gas 1s used as a

material gas for an LNG plant, town gas, and the like. A large

g,

number of natural gas fields that produce CO,-rich gases have been

found, and wutilization of such CO;-rich gas fields has Dbeen

attracting attention. In the case of separating CO,, a membrane

separation method has advantages over an existing absorption

-

separation method using amine solvent or the like 1in terms of low

initial cost, reduction in the operation cost for makeup of amine

or the like, and reduction in the footprint.

[0071] The embodiments described above are provided only for

examples, and combinations, changes and variations of the

—

constituting elements of the respective embodiments are known tO

one of ordinary skill 1In the art. Tt should be understood that

h—

pre—

various changes could be made hereto. The scope of the claims

should not be limited by the preferred embodiments set forth in

the examples, but should be given the Dbroadest interpretation

consistent with the description as a whole.
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WHAT 1S5 CLAIM

[
-,

/]
N

1. A fluid separation apparatus that selectively separates a

specific fluid component from a mixed fluid, comprising:

a casing that includes a mixed fluid inlet, a separated fluid

outlet through which a selectively separated fluid 1s discharged,

and a residual fluid outlet through which a residual fluid that

remains after selective separation has Dbeen performed 1s

discharged; and

r—

a separation module in which a set of a plurality of serially

arranged separation elements is disposed, each of the separation

elements having a channel through which the mixed fluid flows 1n

an axial direction and selectively separating the specific fluid

component as a cross flow perpendicular to a flow direction of the

mixed fluid, the separation module being 1insertable 1nto the

casing from an end of the casing,

wherein the separation module includes:

a first connection Jjig that is disposed Dbetween adjacent

separation elements so as to 1isolate a space arounda outer

#

peripheral surfaces of the separation elements from a space

between the separation elements, the first connection Jig having
an opening through which the channels are connected to each other

and having a disk-like shape having an outer diameter larger than

an outer diameter of the separation elements,

second connection jigs that are disposed at two ends of the

ﬁ

set of the plurality of serially arranged separation elements such

that each second connection 7jig isolates a space adjacent to an

F F
p— —

end surface of the set o0of the serially arranged separation

elements from the space around the outer peripheral surfaces of

the separation elements, each second connection Jjig having an

_28._
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opening through which the space adjacent to the end surface 1s

ﬁ

connected to a corresponding one of the channels, and

a coupling jig that couples the first and second connection

71gs to each other.

p

2. The fluid separation apparatus of claim 1, <further

comprising:

a seal member that isolates the space adjacent to the end

surface of the set of the plurality of serially arranged

separation elements from the space around the outer peripheral

e

surfaces of the separation elements by contacting the second

F

connection jigs and an inner peripheral surface of the casing.

3. The fluid separation apparatus of claim 2, whereiln the

casing includes an inlet-side cover member 1in which the mixed

fluid inlet is formed, an outlet-side cover member 1in which the

residual fluid outlet is formed, and a cylindrical body 1in which

the separated fluid outlet 1s formed and in which the separation

module is inserted, and at least one of the 1nlet-side cover

member and the outlet-side cover member 1s sealingly connectable

to the cylindrical body using a flange,

the fluid separation apparatus further comprising: a £fixing
member disposed between the inlet-side cover member or the outlet-
side cover member and the c¢ylindrical body, the fixing member
having a disk-like shape having an opening, and 1including a

r—

protrusion that protrudes toward a center of the opening from a

position corresponding to the inner peripheral surface of the

casing and contacts the second connection Jigs.
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p—

4. The fluid separation apparatus of claim 1 or 2,

wherein the casing includes an 1inlet-side cover member 1n

which the mixed fluid inlet 1s formed, an outlet-side cover member

in which the residual fluid outlet 1s formed, a cylindrical body

in which the separated fluid outlet 1s formed and 1n which the

separation module 1s inserted, at least one of the 1nlet-side

cover member and the outlet-side cover member belng sealingly

-

connectable to the cylindrical body using a flange, and
wherein each second connection Jig 1s disposed 1n the

cylindrical body in a manner such that the second connection Jig

is removable after the inlet-side cover member or the outlet-side

cover member has been removed.

-

5. The fluid separation apparatus of any one of claims 1 to 4,

wherein the casing has a wall thickness with which the casing 1s

P

capable of holding a fluid having a pressure in a range of 1 to 15

MPaA.

—

6. The fluid separation apparatus of claim 3 or 4, whereiln

one of the second connection Jjigs has an outer diameter larger

#

than an inner diameter of the casing and 1is capable of Dbeing

—

integrally fixed to the casing using the flange, and the other of

the second connection jigs has an outer diameter smaller than the

inner diameter of the casing.

—

7. The fluid separation apparatus of any one of claims 1 to 6,

wherein the coupling jig is a rod whose length in the axial
direction is adjustable and that has a joint portion 1ncluding a

bolt and a nut.
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ﬁ

8. The fluid separation apparatus of any one of claims 1 to 7/,

wherein the coupling jig 1s cylindrical.

F-

9. The fluid separation apparatus of any one of claims 1 to g,

P

wherein a plurality of sets of the plurality of serially arranged

separation elements are parallelly arranged 1in the separation

module.

p—

10. A method of selectively separating a mixed fluid using a

fluid separation apparatus that selectively separates a specific

fluid component from the mixed fluid, the fluid separation

apparatus i1ncluding

a casing that includes a mixed fluid inlet, a separated fluid

outlet through which a selectively separated fluid 1s discharged,

and a residual fluid outlet through which a .residual fluid that

remains after selective separation has been performed 1s

discharged; and

P

a separation module in which a set of a plurality of serially

arranged separation elements is disposed, each of the separation

elements having a channel through which the mixed fluid flows 1n

an axial direction and selectively separating the specific fluid

component as a cross flow perpendicular to a flow direction of the

mixed fluid, the separation module being insertable 1nto the

casing from an end of the casing,

wherein the separation module includes

a first connection Jjig that 1is disposed between adjacent

separation elements so as to 1solate a space around outer

peripheral surfaces of the separation elements from a space

between the separation elements, the first connection Jig having

an opening through which the channels are connected to each other

_31_
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and having a disk-like shape having an outer diliameter larger than

an outer diameter of the separation elements,

second connection jigs that are disposed at two ends of the

set of the plurality of serially arranged separation elements such

that each second connection jig isolates a space adjacent to an

end surface of the set of the serially arranged separation

F

elements from the space around the outer peripheral surfaces of

the separation elements, each second connection Jl1g having an

opening through which the space adjacent to the end surface 1s

F

connected to a corresponding one of the channels, and

a coupling Jig that couples the first and the second
connection jigs to each other,

the method comprising:

selectively separating the specific fluid component as the

cross flow perpendicular to the flow direction of the mixed fluid

using the separation elements;

isolating a fluid that has been selectively separated from

the mixed fluid using the first connection jig; and

isolating the selectively separated fluid from the mixed

fluid using the second connection Ji1gs.

11. The method of c¢laim 10, wherein the mixed fluid has a

pressure in a range of 1 to 1o MPaA.

ﬁ

12. The fluid separation apparatus of any one of claims 1 to

9, wherein each second connection jig has a disk-like shape having

an outer diameter larger than the outer diameter of the separation

elements.

13. The fluid separation apparatus of any one of claims 1 to

_32_
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9 and 12, wherein the cross flow 1is from inside to outside of the

separation element.

14. The method of c¢claim 10 or 11, wherein each second

connection Jjig has a disk-like shape having an outer diameter

—

- the separation elements.

larger than the outer diameter o:

gr—

15. The method of claim 10, 11 or 14, wherein the cross flow

P

is from inside to outside of the separation element.
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