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(57) ABSTRACT

Provided are a processing device (1) and a processing method
that enable an efficient chemical operation by means of reduc-
ing the time for separating into individual starting material
fluids a mixture of starting material fluids that had once been
fractionated. The processing device (1) is provided with: a
separation tank (5) that contacts together a first and second
starting material fluid (2a, 2b) that differ in specific gravity,
performing a chemical operation at the portion at which both
starting material fluids contact, and houses the first and sec-
ond starting material fluids (2a, 25) that are separated verti-
cally; and a flow path forming member (6) that is disposed
within the separation tank (5) and forms a plurality of minute
ducts (7) for causing the upper starting material fluid (2a)
layer to contact the lower starting material fluid (25) layer.
Each minute duct (7) is provided with: a first duct (9) that
penetrates the flow path forming member (6) in the vertical
direction and guides the second starting material fluid (26)
below the flow path forming member (6) to above the flow
path forming member (6); and a second duct (10) that con-
nects to the first duct (9) in a manner so as to introduce the
upper first starting fluid (2a) layer into the first duct (9).
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PROCESSING DEVICE AND PROCESSING
METHOD

TECHNICAL FIELD

[0001] The present invention relates to a processing device
and a processing method for performing a chemical operation
such as extraction, separation and reaction between a first and
a second starting material fluids by contacting together the
first and the second starting material fluids which differ in
specific gravity.

BACKGROUND ART

[0002] In general, in a case of a synthesis of an organic
compound, a component of object of extraction in a solvent is
extracted by using a “liquid-liquid extraction operation” after
the synthesis. This “liquid-liquid extraction operation”
intends, for example, to mix together solvents which are not
soluble with each other, and transfer a substance of object of
extraction from one solvent toward the other solvent. In this
liquid-liquid extraction operation, an extraction device of
so-called mixer-settler type is used.

[0003] For example, non-patent document 1 discloses an
extraction device of a representative mixer-settler type. This
extraction device comprises a mixer tank having a stirring
blade which houses a solution of starting material and stirs the
solution, and a settler tank in which the starting material fluid
which has been stirred and separated in the mixer tank is left
standing to be separated again. Specifically, the mixer tank
fractionates a light liquid and a heavy liquid together into fine
droplets by stirring so that contact areas of the light liquid and
the heavy liquid is increased by the fractionation, to allow the
operation such as extraction or separation to be performed in
a short time.

[0004] Incidentally, in order to further increase the extrac-
tion speed in the above-described extraction device of mixer-
settler type, it is preferred to increase the rotational speed of
the stirring blade in the mixer tank and further vigorously stir
the starting material fluids to promote the fractionation of the
light liquid and the heavy liquid. In such a manner, the contact
area between the light liquid and the heavy liquid becomes
larger to further accelerate the movement of the substance of
object of extraction from one starting material fluid toward
the other starting material fluid, and the extraction speed is
considered to be improved.

[0005] However, when the fractionation of the light liquid
and the heavy liquid progresses excessively by an excessive
stirring, the light liquid and the heavy liquid break into so
minute droplets that it take extra time in separating the start-
ing material fluids (raw liquid) after extraction into two single
materials again in the settler tank, causing a high possibility
that workability of the separation becomes extremely poor.
That is, in the above-described extraction device, even if a
stirring is made excessively strong, the time an extraction
takes is not shortened very much in total. Thus, improvement
in productivity is naturally limited.

[0006] Inthe above-described extraction device, the chemi-
cal operation performed through the liquid-liquid boundary
surface is an extraction. However, a similar problem occurs
also in a case of performing a chemical reaction on the liquid-
liquid interface.
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CITATION LIST

Non-Patent Document

[0007] Non-patent document 1: Hiroshi AIHARA, “The
Story of Chemistry You Want to Know ‘Technique of Sepa-
ration’ > Japan Industrial Journal, Jun. 28, 2008, the first
printing of the first edition, p. 100-101

SUMMARY OF THE INVENTION

[0008] The present invention has a purpose of providing a
processing device and a processing method which are capable
of'enhancing an efficiency in a case of performing a chemical
operation such as extraction, separation or reaction, by trans-
ferring a substance through a boundary surface where a first
and a second starting material fluids which differ in specific
gravity contact with each other.

[0009] The present invention provides a processing device
which contacts a first and a second starting material fluids
which differ in specific gravity together, to perform a chemi-
cal operation in a part where the first and the second starting
material fluids contact with each other. This processing
device comprises a separation tank which accommodates the
first starting material fluid and the second starting material
fluid in a state separated into an upper layer and an lower layer
respectively, and a flow path forming member that is disposed
inside the separation tank and forms plural minute flow paths
for contacting the first starting material fluid in an upper layer
with the second starting material fluid in a lower layer of the
separation tank. Each of the plural minute flow paths com-
prises a first flow path that penetrates the flow path forming
member in an up/down direction and guides the second start-
ing material fluid of the lower side of the flow path forming
member toward the upper side of the flow path forming mem-
ber; and a second flow path that connects to the first flow path
s0 as to take in the first starting material fluid of the upper
layer and introduce the fluid into the first flow path.

[0010] The present invention also provides a processing
method which contacts the first starting material fluid and the
second starting material fluid which differ in specific gravity
to thereby perform a chemical process in the part where these
first and second starting material fluids contact with each
other. This processing method comprises preparing a separa-
tion tank which accommodates the first starting material fluid
and the second starting material fluid in a state separated into
anupper layer and an lower layer respectively, and a flow path
forming member which forms plural minute flow paths for
contacting the first starting material fluid in the upper layer
with the second starting material fluid in the lower layer of the
separation tank in a two-phase flow state; guiding the second
starting material fluid separated as the lower layer in the
separation tank upward toward the upper layer of the separa-
tion tank along each of the minute flow paths; and performing
the chemical operation by contacting the first starting mate-
rial fluid separated as the upper layer with the second starting
material fluid which flows in the minute flow paths.

BRIEF DESCRIPTION OF DRAWINGS

[0011] [FIG. 1] FIG.11is a perspective view of the process-
ing device of a first embodiment of the present invention.
[0012] [FIG. 2] FIG. 2 is a perspective view showing tlows
of starting material fluids in the processing device of the first
embodiment.
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[0013] [FIG. 3] FIG. 3 is an enlarged view showing a flow
path forming member in the processing device of the first
embodiment.

[0014] [FIG. 4A] FIG. 4A is a plan view of the flow path
forming member.

[0015] [FIG. 4B] FIG. 4B is a front view of the flow path
forming member.

[0016] [FIG. 4C] FIG. 4C is a side view of the flow path
forming member.

[0017] [FIG. 4D] FIG. 4D is a base plan of the flow path
forming member.

[0018] [FIG. 5] FIG. 5 is a disassembled perspective view
showing each single board member which constitutes the
flow path forming member.

DESCRIPTION OF EMBODIMENTS

[0019] Hereinbelow, an embodiment of the present inven-
tion is described on the basis of the figures.

[0020] FIG. 1 shows a processing device 1 of the present
embodiment. This processing device 1 intends to contact
together a first starting material fluid 2 and a second starting
material fluid 26 which are not miscible with each other and
differ in specific gravity, to perform a chemical operation
such that a substance is transferred or reacted through an
interface where the starting material fluids 2a, 25 contact with
each other. This chemical operation includes operations such
as extraction, separation or reaction.

[0021] Forexample, ifan extraction is given as an example,
the above mentioned chemical operation includes the follow-
ings. In other words, it includes operations such as contacting
together a water-like heavy liquid (the second starting mate-
rial fluid) and an oil-like light liquid (the first starting material
fluid) which has a specific gravity smaller than the heavy
liquid as the first and the second starting material fluids which
are not miscible with each other, transferring a substance of
object of extraction included in the light liquid (oil) posi-
tioned in the upper side of an interface to the heavy liquid
(water) positioned in the lower side of the interface, and
extracting the water in which the substance of the object of
extraction is dissolved. A device to perform such operations is
generally called as “liquid-liquid extraction device”. The pro-
cessing device 1 may be applied not only to such liquid-liquid
extraction device, but also to a liquid-liquid reaction device
which carries out a chemical reaction such as a chemical
synthesis on a liquid-liquid interface. In the following expla-
nation, the processing device 1 is explained on the basis of an
extraction device which carries out an extraction by a liquid-
liquid extraction method as an example.

[0022] AsshowninFIG.1and FIG. 2, the extraction device
which is the processing device 1 of the first embodiment
comprises a separation tank 5, a flow path forming member 6
and a pump 4. The separation tank 5 accommodates the first
and the second starting material fluids 2q, 26 in a state sepa-
rated into an upper layer and a lower layer respectively. The
flow path forming member 6 is accommodated inside the
separation tank 5 with being immersed in the first and the
second starting material fluids 24, 26, and brings the first and
the second starting material fluids 24, 26 into contact with
each other in the flow path forming member 6 to allow the
extraction.

[0023] Specifically, the flow path forming member 6 forms
plural minute flow paths 7 thereinside. These minute flow
paths 7 are formed so as to allow taking in the first starting
material fluid 2a of the upper layer of the separation tank 5
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and the second starting material fluid 25 of the lower layer of
the separation tank 5, contacting the taken first and second
starting material fluids 2a, 25 each other in the minute flow
paths 7, transferring a substance of object of extraction from
one starting material fluid to the other starting material fluid,
and returning the starting material fluids after the transfer of
the substance to separation tank 5 in a mixed state.

[0024] Used as the first and the second starting material
fluids 2a, 25 are two kinds of fluids which are not miscible
with each other, namely, fluids which are not compatible with
each other, and differ in specific gravity, such as an organic
solvent and water, for example. Such starting material fluids
2a, 2b are capable of being separated from each other, such
that each becomes single substances again after the extrac-
tion. Therefore, it becomes possible to easily extract a sub-
stance of object of the extraction in a state that the substance
is dissolved in the starting material fluid.

[0025] To give a specific example, it is possible to use, as
the first and the second starting material fluids 2a, 25, a
non-polar solution such as dodecane comprising a water-
soluble organic compound such as phenol dissolved therein,
and a polar solution such as water. These first and second
starting material fluids 2a, 2b are not miscible with each
other, and the non-polar solution having a small specific
gravity rises up to the upper side of the separation tank 5 as the
light liquid and the polar solution having a large specific
gravity sinks down to the lower side of the separation tank 5
as the heavy liquid. Accordingly, it becomes possible to easily
perform an extraction operation between liquid-liquid.
[0026] The fluids used as the first and the second starting
material fluids are not limited to liquids. For example, it is
also possible to select a gas and a liquid as the first and the
second starting material fluids 2a, 25 respectively, if a lid or
the like is provided on the separation tank 5 to secure airtight-
ness inside the separation tank 5.

[0027] The separation tank 5 is an upwardly opened bot-
tomed cylindrical container which is capable of housing the
starting material fluids 2a, 26 inside. Specifically, when
inside the separation tank 5 is charged with the first and the
second starting material fluids 2a, 25, a heavy liquid which is
the second starting material fluid 25 sinks down to the lower
side of the separation tank 5 and a light liquid which is the first
starting material fluid 2a rises up to the upper side of the
separation tank 5. Thus, the separation tank 5 is capable of
accommodating the light liquid and the heavy liquid in a state
separated into the upper layer and the lower layer respec-
tively.

[0028] Between the light liquid and the heavy liquid, a
boundary surface 3 which is a liquid-liquid interface is
formed. The separation tank 5 houses the heavy liquid and the
light liquid with accommodating the flow path forming mem-
ber 6 in a position where the boundary surface 3 horizontally
traverses a part midway through the flow path forming mem-
ber 6 in an up/down direction. Thus, inside the separation tank
5, the upper end of the flow path forming member 6 is posi-
tioned above the boundary surface 3, and the lower end of the
flow path forming member 6 is positioned below the bound-
ary surface 3.

[0029] Each ofthe plural minute flow paths 7 formed by the
flow path forming member 6 includes first flow paths 9 and
second flow paths 10. The first flow paths 9 intake the second
starting material fluid 26 of the lower layer from the lower
side of the flow path forming member 6 and guide the fluid to
the upper side of the flow path forming member 6. The second
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flow paths 10 takes in the first starting material fluid 2a of the
upper layer and introduce the fluid into the first flow paths 9.

[0030] Next, the flow path forming member 6 is described
in detail.
[0031] As described above, the flow path forming member

6 intends to extract a substance of object of extraction by
contacting the heavy liquid and the light liquid, and com-
prises a board-like shaped main body 8 which extends along
the up/down direction, namely, which is long in the up/down
direction, and a flow separation header 11 provided on the
side surface of the main body 8, as shown in FIG. 3 and FIG.
4A to FIG. 4D.

[0032] The main body 8 is formed with a metal, a synthetic
resin or a ceramic having a corrosion resistance or a heat
resistance against the first and second starting material fluids
2a, 2b, and has an appearance of a thick board with a rela-
tively large thickness in the board thickness direction. Inside
the main body 8, the plural minute flow paths 7 are formed to
allow an extraction by contacting the heavy liquid and the
light liquid inside each of the minute flow paths 7. Specifi-
cally, the first flow path 9 of each of the minute flow paths 7
penetrates through the main body 8 of the flow path forming
member 6 in the up/down direction, and the second flow path
10 extends in the horizontal direction in the main body 8.

[0033] As shown by broken lines in FIG. 2 and FIG. 3, a
lower end of each of the first flow paths 9 constitutes a first
intake port 12, and this first intake port 12 opens in a semi-
circular shape on the bottom surface of the main body 8. The
first flow path 9 is capable of taking in the second starting
material fluid 26 of the lower layer which is the heavy liquid
from the first intake port 12 and guiding the liquid upward
with passing the liquid inside the main body 8. The first flow
path 9 extends further upward beyond the above described
boundary surface 3. The upper end of the first flow path 9
constitutes an outlet port 13 which opens in a semicircular
shape similarly to the first intake port 12, on the upper surface
of the main body 8, and it is possible to introduce the heavy
liquid which has been guided to the upper side of the flow path
forming member 6 out to the upper side of the separation tank
5 through the outlet port 13.

[0034] The second flow path 10 connects to the first flow
path 9 so as to join the light liquid taken in from the upper side
of'the separation tank 5 in the heavy liquid which flows in the
first flow path 9. Specifically, the outer end of the individual
second flow path 10 each constitutes a second intake port 14,
and each second intake port 14 opens in a region of the side
surface of the main body 8 on which the flow separation
header 11 is provided. That is, each of the second flow paths
10 extends in the horizontal direction in the main body 8, from
each of the second intake ports 14. The second intake port 14
opens in a semicircular shape similarly to the first intake port
12, and opens toward the inside of the flow separation header
11, to thereby allow the starting material fluid 2a of the upper
layer which is a light liquid introduced inside the flow sepa-
ration header 11 to be taken in into the second flow paths 10.
The inner end of the second flow path 10 constitutes a merg-
ing port 15. This merging port 15 opens on a portion midway
through the first flow path 9 in the up/down direction, more
precisely, on a part above the above described first intake port
12 and below the boundary surface 3. This merging port 15
allows the light liquid taken in into the second flow path 10 to
join the heavy liquid which flows in the first flow path 9
through the merging port 15.
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[0035] The plural minute flow paths 7 which comprise each
of the above described first flow paths 9 and the second flow
paths 10 can be formed inside the flow path forming member
6, for example, by the following method.

[0036] Asshown inFIG. 5, plural single board members 16
are prepared, the single board members 16 having a rectangle
shape in which the height which is the dimension in the
up/down direction is larger than the width which is the dimen-
sion in the horizontal direction. These plural single board
members 16 are then laminated in the board thickness direc-
tion to form the flow path forming member 6. It is preferred
that the plural single board members 16 comprise first single
board members 17 having a first thickness and second single
board members 18 having a second thickness which is smaller
than the first thickness, and the flow path forming member 6
is formed with plural first single board members 17 and plural
second single board members 18 alternately laminated in the
board thickness direction in such a manner that a second
single board member 18 adjoins a side of a first single board
member 17, and another first single board member 17 further
adjoins a side of this second single board member 18.
[0037] Each ofthe first single board members 17 has a front
surface (surface) and a back surface, and on the front surface
of the surfaces, plural lines of first grooves 19 are formed.
These first grooves 19, each constituting the first flow path 9,
extend along the up/down direction in parallel to each other.
Between the first grooves 19 which are adjacent to one
another, predetermined spaces are provided in the horizontal
direction. Each of the first grooves 19 has a semicircular cross
section, and is recessed concavely on the front surface. A
heavy liquid which is the second starting material fluid 26 is
guided in the up/down direction in such a manner as being
passed through the recessed portion.

[0038] Onthe back surface of the first single board member
17, plural lines of second grooves 20 are formed. These sec-
ond grooves 20 each constitute each of the second flow paths
10, and extend along the horizontal direction. Each of the
second grooves 20 is perpendicular to the first grooves 19.
Between the second grooves 20 which are adjacent to one
another, predetermined spaces are provided in the up/down
direction. Each of the second grooves 20 also has a semicir-
cular cross section, and is recessed concavely on the back
surface. A light liquid which is the first starting material fluid
2ais guided along the horizontal direction in such a manner as
being passed through the recessed portion.

[0039] The second flow paths 10 each constituted by the
second groove 20 have lengths different from one another,
and each connected to the first flow path 9 corresponding to
each of the second flow paths 10, at positions different from
one another in the up/down direction and in the horizontal
direction. In the example shown in FIG. 5, the grooves posi-
tioned in the lower side of the second grooves 20 each con-
stituting the second flow paths 10 are shorter than the grooves
positioned in the upper side. That is, the second grooves 20
which are positioned relatively lower side guide the starting
material fluid 2q to the first flow paths 9 which are positioned
relatively near from the flow separation header 11, and the
second grooves 20 which are positioned relatively upper side
guide the starting material fluid 2a to the first flow paths 9
which are positioned relatively far from the flow separation
header 11. As for the level of the each second groove 20, it is
set such that, in a state that the inside of the separation tank 5
with the flow path forming member 6 installed inside is
charged with the first starting material fluid 2a (light liquid)
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and the second starting material fluid 26 (heavy liquid), the
uppermost second groove 20 is always positioned in the side
below the boundary surface 3 of the second starting material
fluid 25 and the first starting material fluid 2a in the separation
tank 5. The relationship between the level position and the
length of the each second flow path 10 may be opposite to the
relationship shown in FIG. 5. In the example shown in FIG.
2-FIG. 4, contrarily to the example shown in FIG. 5, those
positioned in the upper side of the second flow paths 10 are
shorter than those positioned in the lower side. That is, the
second flow paths 10 which are positioned relatively upper
side guide the starting material fluid 2a to the first flow paths
9 which are positioned relatively near from the flow separa-
tion header 11, and the second flow paths 10 which are posi-
tioned relatively lower side guide the starting material fluid 2a
to the first flow paths 9 which are positioned relatively far
from the flow separation header 11.

[0040] Inside the first single board member 17, plural
through-holes 21 are formed, each through-hole connecting a
first groove 19 in the front surface and a second groove 20 in
the back surface. These through-holes 21 allow the starting
material fluid 2a which flow through the second grooves 20 to
join the first grooves 19 through the through-holes 21. That is,
the openings of the through holes 21 in the first grooves 19
correspond to “the merging ports 15 of the second flow paths
10 to the first flow paths 9” described above.

[0041] Meanwhile, each of the second single board mem-
bers 18 is a flat plate with a front surface and a back surface,
neither of the surfaces having a groove formed thereon. These
second single board members 18 are laminated on the front
surfaces or the back surfaces of the first single board members
17 to thereby close the first grooves 19 or the second grooves
20 formed on the first single board members 17 in the board
thickness direction, to form the above described first flow
paths 9 or the second flow paths 10. Specifically, the second
single board member 18 closes the first grooves 19 in the
board thickness direction by being laminated on the front
surface of the first single board member 17, to thereby allow
the first grooves 19 to be utilized as the first flow paths 9.
Similarly, the second single board member 18 closes the
second grooves 20 in the board thickness direction by being
laminated on the back surface of the first single board member
17, to thereby allow the second grooves 20 to be utilized as the
second flow paths 10. Accordingly, if the single board mem-
bers 17 and the second single board members 18 are alter-
nately laminated in the board thickness direction, it becomes
possible to easily form the flow path forming member 6 in
which the bonding portions of the first single board members
17 and the second single board members 18 each have the
plural first flow paths 9 and the second flow paths 10 formed
thereon.

[0042] Theflow separation header 11 is abox-shaped mem-
ber having a height which is a dimension in the up/down
direction smaller than that of the main body 8 above
described, and is installed so as to be along the side surface of
the main body 8. Specifically, the flow separation header 11 is
provided in the lower part of the side surface of the main body
8, such that the position of bottom surface level of the flow
separation header 11 matches the position of bottom surface
level of the main body 8. The flow separation header 11 may
be hollow and capable of accommodating a light liquid which
has been taken in by the pump 4, as will be described later.

[0043] The side of the flow separation header 11 which
faces the main body 8 opens wide and has no wall. The plural
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second intake ports 14 described above are formed on the side
surface of the main body 8 within a region that corresponds to
the opened side surface of the flow separation header 11.
Accordingly, the first starting material fluid 2a which is the
light liquid temporarily housed in the flow separation header
11 is approximately equally distributed to each of the first
flow paths 9 which communicate with the second intake ports
14, from the flow separation header 11 through the plural
second intake ports 14.

[0044] Among side surfaces of the flow separation header
11, on a side surface opposite to the side opening as described
above, sandwiching the center of the flow separation header
11, a supply port 22 for taking in the light liquid taken in by
use of the pump 4 into the flow separation header 11 is
formed.

[0045] The pump 4 draws in the first starting material fluid
2a which is the light liquid housed in the upper side of the
separation tank 5, and discharges the light liquid into the flow
separation header 11 described above. Namely, the pump 4
supplies the light liquid to the second flow paths 10. Specifi-
cally, this pump 4 is installed to a suction pipe line 23 which
connects a part in the upper side of the separation tank 5 and
the supply port 22 of the flow separation header 11 with each
other. This suction pipe line 23 extends from the supply port
22 of the flow separation header 11 to the vicinity of the upper
end of the separation tank 5, passing the outside of the sepa-
ration tank 5, and is bent downward in inverted U-shape in the
vicinity of the upper end of the separation tank 5. A tip of this
bent side is positioned inside the separation tank 5, and
immersed in the starting material fluid 2a (the light liquid) of
the upper side. The pump 4 is provided midway the path of the
suction pipe line 23, and driven so as to draw in the light liquid
which is the first starting material fluid 2a of the upper side
into the suction pipe line 23, and pressure-feed the light liquid
to the flow separation header 11. By supplying the first start-
ing material fluid 2a of the upper side to the flow separation
header 11 by using the pump 4 in such a manner, the first
starting material fluid 2a is allowed to join the second starting
material fluid 256 of the lower side which flows through the
first flow paths 9.

[0046] Next, a method of performing an extraction opera-
tion by using the processing device 1 which is the above
described extraction device, in other words, an extraction
method corresponding to a processing method of the present
invention will be described.

[0047] Described here as an example is a case in which
water is housed as the heavy liquid in the lower side of the
separation tank 5; dodecane which is an organic solvent is
housed as the light liquid in the upper side of the separation
tank 5; and an water-soluble phenol included in dodecane as
the light liquid is extracted by being transferred to the heavy
liquid.

[0048] As shown in FIG. 1, in the first place, the flow path
forming member 6 is accommodated inside the separation
tank 5. This flow path forming member 6 is disposed inside
the separation tank 5 such that the first flow paths 9 are
directed to the up/down direction, the first intake ports 12
thereof are positioned in the lower side of the separation tank
5, and the outlet ports 13 are positioned in the upper side of the
separation tank 5.

[0049] Into the inside of the separation tank 5 which thus
accommodates the flow path forming member 6, dodecane as
the light liquid and water as the heavy liquid are poured. Then,
dodecane having a small specific gravity rises to the upper
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side of the separation tank 5, and the water having a large
specific gravity sinks to the lower side of the separation tank
5. Accordingly, dodecane and the water are housed in a state
separated into an upper layer and a lower layer respectively
inside the separation tank 5. Between dodecane and the water
thus separated into two layers, a boundary surface 3 is formed
which partitions the first and the second starting material
fluids 2a, 25 which are dodecane and the water. Dodecane and
the water which are the light liquid and the heavy liquid are
poured inside the separation tank 5, such that the level of the
boundary surface 3 is positioned above the merging ports 15
of the flow path forming member 6 described above.

[0050] In this condition, the pump 4 described above is
driven. This pump 4 draws in dodecane in the upper side into
the suction pipe line 23, and sends it to the flow separation
header 11 through the suction pipe line 23. In the flow sepa-
ration header 11, dodecane is distributed to each of the second
flow paths 10, and joined to the water which flows through the
first flow paths 9, through the individual merging port 15. In
such a manner, dodecane as the light liquid and the water as
the heavy liquid contact with each other in a two-phase flow
state in each of the minute flow paths 7.

[0051] Specifically, in the first flow paths 9 above the merg-
ing ports 15, dodecane as the light liquid and the water as the
heavy liquid are each separated into droplets of small vol-
umes, and move upward in the pipe lines with the droplets of
dodecane and the droplets of the water being alternately
arranged in the up/down direction. During this upward move-
ment, phenol moves from dodecane as the light liquid to the
water as the heavy liquid. In such a manner, an extraction of
phenol to the water is performed.

[0052] In this state where the liquids are separated into
droplets, a large buoyancy acts on dodecane as the light
liquid, due to a density difference between the inside and the
outside of the first flow paths 9. Therefore, dodecane as the
light liquid vigorously rise in the first flow paths 9, and
according to this rise of the light liquid, the water as the heavy
liquid having a large specific gravity also becomes easy to
rise. Thus, in the state where the liquids are separated into
droplets, dodecane and the water, namely, the first and the
second starting material fluids 2a, 256 pass through the minute
flow paths 7 in a short time without being stagnated in the
minute flow paths 7. This allows an extraction operation to be
efficiently proceeded.

[0053] Forexample, it becomes possible to further increase
the rising speed of the starting material fluids 2a, 25 in the
droplet state in the minute flow paths 7, if bubbles of air or an
inert gas are intentionally generated inside the first flow paths
9 or the second flow paths 10. Thus, it is preferred to provide,
for example, a member for generating bubbles of air or an
inert gas (such as bubble generator) in the first flow paths 9 or
the second flow paths 10.

[0054] Ifaflow path diameter of the first flow path 9 below
the merging port 15 is large, there is a possibility that the light
liquid of the second flow path 10 which has been joined from
the merging port 15 flows downward in the reverse direction.
In such a case, it is preferred to provide the first flow path 9
below the merging ports 15 with a reverse-flow prevention
member which prevents the first starting material fluid 2a of
the upper layer from flowing downward in the reverse direc-
tion. This reverse-flow prevention member may be a check
valve, or those which prevent the flow in the reverse direction
by utilizing the shape of the first flow paths 9. It is also
possible to prevent the flow in the reverse direction of the
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starting material fluid 2a, for example, by forming a small
diameter part having a small flow path diameter compared to
a flow path diameter of a part above the merging ports 15, on
a part of the first flow paths 9 below the merging ports 15,

[0055] Ifthe light liquid and the heavy liquid are contacted
with each other with being made rise in the droplet state along
the first flow paths 9 in the manner described above, it is
possible to efficiently transfer phenol contained in the light
liquid to the heavy liquid. Furthermore, dodecane as the light
liquid after the phenol has been removed is discharged from
the outlet ports 13 of the first flow paths 9 to the upper side of
the separation tank 5, to be returned to the liquid layer of
dodecane positioned in the upper side of the separation tank 5.
Therefore, if the processing is performed with continuously
recycling the light liquid in the minute flow paths 7 by use of
pump 4, it becomes possible to surely remove phenol from
dodecane in a short time.

[0056] Meanwhile, the water which has received the phenol
in the minute flow paths 7 is discharged from the outlet ports
13 of the first flow paths 9 to the upper side of the separation
tank 5. However, due to its large specific gravity compared to
dodecane, the water sinks down below the liquid layer of
dodecane and returns to the liquid layer of water in the lower
side of the first and the second starting material fluids 2a, 26
which are dodecane and the water separated into the upper
layer and the lower layer respectively. Therefore, if the heavy
liquid is continuously recycled in the minute flow paths 7 by
use of the pump 4, it becomes possible to extract phenol of
object of extraction in a state dissolved in water, by transfer-
ring the phenol from dodecane in the minute flow paths 7.

[0057] Forexample, in an extraction device of mixer-settler
type which mixes the entire first and second starting material
fluids 2a, 26 by using a stirring blade and the like, when the
stirring is made strong, the fractionation of the starting mate-
rial fluids 2a, 26 together are progressed excessively, and as a
result, it is not possible to enhance efficiency of chemical
operations such as extraction. However, in the extraction
device using the flow path forming member 6 described above
(the processing device 1), it is possible that a part of the first
and of the second starting material fluids 2a, 25 are each
introduced into the minute flow paths 7 to perform an opera-
tions such as extraction within the minute flow paths 7. In
other words, it is possible to perform the extraction with
keeping most of the starting material fluids 2a, 26 in a sepa-
rated state as single substances, without need of mixing the
entire starting material fluids 2a and 254. Therefore, it is pos-
sible to efficiently perform chemical operations such as
extraction, separation or reaction in an extremely short time,
without need of separating operation which is performed in a
settler tank or the like in conventional devices, namely, with-
out need of a great deal of time for the operation to separate
the starting material fluids once mixed with each other into
the single starting material fluids again.

[0058] The embodiments disclosed herein are to be consid-
ered in all respects as illustrative and not restrictive. In par-
ticular, any matter which is not explicitly disclosed in the
embodiments disclosed herein, for example, driving condi-
tions, operating conditions, any kinds of parameters, dimen-
sions, weight, volume of the structure or the like does not
deviate from the range within which those skilled in the art
usually perform, and the values employed herein are those
which can be easily expected by those skilled in the art.
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INDUSTRIAL APPLICABILITY

[0059] Asdisclosed above, the present invention provides a
processing device and a processing method which are capable
of'enhancing an efficiency in a case of performing a chemical
operation such as extraction, separation or reaction, by trans-
ferring a substance through a boundary surface where a first
and a second starting material fluids which differ in specific
gravity contact with each other.

[0060] The present invention provides a processing device
for performing a chemical operation in a part where a first
starting material fluid and a second starting material fluid
contact with each other, by contacting together the first start-
ing material fluid and the second starting material fluid which
differ in specific gravity. This processing device comprises a
separation tank which accommodates the first starting mate-
rial fluid and the second starting material fluid in a state
separated into an upper layer and an lower layer respectively,
and a flow path forming member that is disposed inside the
separation tank and forms plural minute flow paths for con-
tacting the first starting material fluid in the upper layer with
the second starting material fluid in the lower layer of the
separation tank. Each of the plural minute flow paths com-
prises a first flow path that penetrates the flow path forming
member in the up/down direction and guides the second start-
ing material fluid in the lower side of the flow path forming
member to the upper side of the flow path forming member;
and a second flow path that connects to the first flow path so
as to take in the first starting material fluid of the upper layer
and introduce the fluid to inside the first flow path.

[0061] The present invention also provides a processing
method for performing a chemical process in a part where a
first starting material fluid and a second starting material fluid
contact with each other, by contacting together the first start-
ing material fluid and the second starting material fluid which
differ in specific gravity. This processing method comprises
preparing a separation tank which accommodates the first
starting material fluid and the second starting material fluid in
an state separated into upper/lower, and a flow path forming
member which comprises plural minute flow paths for con-
tacting the first starting material fluid of the upper layer with
the second starting material fluid of the lower layer of the
separation tank in a two-phase flow state; guiding the second
starting material fluid separated as the lower layer in the
separation tank upwards toward the upper layer of the sepa-
ration tank along each of the minute flow paths; and perform-
ing the chemical operation by contacting the first starting
material fluid separated as the upper layer with the second
starting material fluid in the minute flow path.

[0062] According to the processing device and the process-
ing method, it is possible to efficiently perform chemical
operations such as extraction, separation or reaction, without
need of taking time for separating the mixture of the starting
material fluids once fractionated, into the single starting
material fluids again.

[0063] The processing device is preferably further pro-
vided with a pump for sending the first starting material fluid
of the upper layer of the separation tank to the second flow
path. This pump is capable of efficiently joining the first
starting material fluid to the second starting material fluid
which flows through the first flow path.

[0064] The flow path forming member preferably com-
prises a plural single board members having a front surface
and a back surface which are laminated with each other in the
board thickness direction, and it is preferred that at least a part
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of these single board members have the minute flow paths
formed on at least one surface of the front surface and the back
surface. The plural single board members are capable of
constituting the flow path forming member which comprises
the plural minute flow paths, by being laminated with each
other, with a simple structure.

[0065] The flow path forming member preferably com-
prises a merging ports which is midway through the first flow
paths in the up/down direction and allow the first starting
material fluid to join from the second flow paths therethrough,
and areverse-flow prevention member which is in a part of the
first flow path below the merging port and prevents the first
starting material fluid of the upper layer from flowing down-
ward in the reverse direction.

[0066] The flow path forming member is preferably dis-
posed in the separation tank so as to guide the second starting
material fluid of the lower layer taken in from the side below
the boundary surface formed between the first starting mate-
rial fluid in the upper layer and the second starting material
fluid in the lower layer in the separation tank, to the side above
the boundary surface through the first flow paths, and such
that the part where the first flow paths and the second flow
paths are connected with each other is positioned in the side
below the boundary surface.

1. A processing device for performing a chemical operation
in a part where a first and a second starting material fluids
contact with each other, by contacting together the first and
the second starting material fluids which differ in specific
gravity, which comprises

a separation tank which accommodates said first and sec-
ond starting material fluids in a state separated into an
upper layer and a lower layer respectively,

a flow path forming member that is disposed inside said
separation tank and forms plural minute flow paths for
contacting said first starting material fluid in an upper
layer with said second starting material fluid in a lower
layer of the separation tank,

wherein each of said plural minute flow paths comprises a
first flow path that penetrates said flow path forming
member in an up/down direction and guides said second
starting material fluid in a lower side of said flow path
forming member to an upper side of the flow path form-
ing member, and a second flow path that connects to said
first flow path so as to take in said first starting material
fluid of said upper layer and introduce the fluid into said
first flow path.

2. The processing device according to claim 1 which is
further provided with a pump for sending said first starting
material fluid of the upper layer of said separation tank to said
second flow path.

3. The processing device according to claim 1, wherein:
said flow path forming member comprises plural single board
members which comprise a front surface and a back surface
and are laminated with one another in the board thickness
direction; and said minute flow paths are formed on at least
one surface of the front surface and the back surface of at least
apart of the single board members of said plural single board
members.

4. The processing device according to claim 1, wherein
said flow path forming member comprises a merging port
which is midway said first flow path in an up/down direction
and allows said first starting material fluid to join from said
second flow path therethrough, and a reverse-flow prevention
member which is in a part of said first flow path below said
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merging port and prevents said starting material fluid of said
upper layer from flowing downward in the reverse direction.

5. The processing device according to claim 1, wherein
said flow path forming member is disposed in said separation
tank such that said second starting material fluid of the lower
layer taken in from the side below a boundary surface which
is formed between said first starting material fluid in the upper
layer and said second starting material fluid in the lower layer
in said separation tank, is guide to the side above said bound-
ary surface through said first flow path, and such that the part
where said first flow path and said second flow path are
connected with each other is positioned in the side below said
boundary surface.

6. A processing method for performing a chemical process
in a part where a first starting material fluid and a second
starting material fluid contact with each other, by contacting
together the first starting material fluid and the second starting
material fluid which differ in specific gravity, which com-
prises
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preparing a separation tank which accommodates said first
starting material fluid and said second starting material
fluid in a state separated into an upper layer and a lower
layer respectively, and a flow path forming member
which forms plural minute flow paths for contacting said
first starting material fluid in the upper layer with said
second starting material fluid in the lower layer of the
separation tank in a two-phase flow state;

guiding said second starting material fluid separated as said
lower layer in said separation tank, upwards toward the
upper layer of said separation tank along each of said
minute flow paths; and

performing said chemical operation by contacting said first
starting material fluid separated as said upper layer with
said second starting material fluid which flows in the
minute flow paths.
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