REACTION DEVICE
Technical Field
[0001]

The present invention relates to a reaction device in which a reaction liquid contained in a
reaction vessel is cooled or heated by a heat medium to be reacted.
Background Art
[0002]

In a chemical reaction process such as organic synthesis or crystallization, a reaction liquid
is required to be retained at a prescribed temperature. Therefore, a double structure jacket type
container is used in which a jacket is provided on the outer side of a reaction vessel and a heat
medium can be circulated between the jacket and the reaction vessel. A heat medium having a
prescribed temperature is provided in the jacket, and the reaction liquid in the reaction vessel has
been adjusted at a prescribed temperature (see, for example, Patent Document 1).

Prior Art Document

Patent Document

[0003]

Patent Document 1: JP 2006-271431 A
Summary of the Invention

Problem which the Invention Tries to Solve
[0004]

When the temperature of a reaction liquid is retained at a temperature higher than room
temperature, a sufficient temperature control precision can be obtained since a heat medium
temperature can relatively easily be adjusted by heating the heat medium by a heater or the like. On
the other hand, since, generally, liquid nitrogen having a temperature of -196°C is used for a cooling

source in a low temperature region, in particular, in an ultra low temperature region of -90°C or



lower, and thus, the temperature difference between the heat medium temperature and a controlled
temperature is large, there has been a problem in the temperature control precision.
[0005]

In cases where an initial cooling is performed by providing liquid nitrogen in a jacket, since
a massive amount of liquid nitrogen is left in a jacket even when the provision of liquid nitrogen is
stopped at the time when a reaction liquid in a reaction vessel is cooled to a set temperature, and the
cooling proceeds until the left liquid nitrogen is vaporized, there has also been a problem that an
undershoot occurs with respect to the set temperature.  Further, there is a lot of liquid nitrogen
which does not contribute to the heat exchange with the reaction vessel and is vaporized and
discharged from the inside of the jacket. In particular, the amount of liquid nitrogen used at the
initial cooling has been large.

[0006]

Accordingly, an object of the present invention is to provide a reaction device having a
simple structure in which a temperature control precision can be improved, and at the same time, the
amount of heat medium used can be reduced.

Means for Solving the Problems
[0007]

In order to attain the above-mentioned object, the reaction device of the present invention is
provided with a heat-medium circulation tube in contact with an outer wall of a reaction vessel
containing a reaction liquid, and at the same time, is provided with an inlet for the liquid heat
medium at the lower end portion of the heat-medium circulation tube, and an outlet for the liquid
heat medium or a gas heat medium which is a vaporized liquid heat medium at the upper end portion
of the heat-medium circulation tube, respectively.

[0008]

Further, preferably, the heat-medium circulation tube is wound spirally from the bottom side
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of the reaction vessel to the top side the of reaction vessel. Gaps between the heat-medium
circulation tube and the reaction vessel outer wall are filled with a filler, and in particular, the filler is
formed by a material in which a liquid can flow inside the filler, and at the same time, the outlet is
formed in a direction such that the liquid heat medium is discharged toward the filler. Further, a
pressing member for pressing the heat-medium circulation tube against the outer wall of the reaction
vessel is provided on the outer circumference of the heat-medium circulation tube; an outer vessel is
provided which hermetically covers the outer circumference of the reaction vessel provided with the
heat-medium circulation tube; and the heat medium is liquid nitrogen.

[0009]

The reaction device of the present invention is provided with a heat-medium circulation tube,
via a filler inside which a liquid can flow, on an outer wall of a reaction vessel containing a reaction
liquid, and at the same time, is provided with an inlet for the liquid heat medium at the lower end
portion of the heat-medium circulation tube, and an outlet for the liquid heat medium or a gas heat
medium which is a vaporized liquid heat medium at the upper end portion of the heat-medium
circulation tube, respectively.

Effects of the Invention
[0010]

By the reaction device of the present invention, the amount of heat medium introduced in a
heat-medium circulation tube can be made small compared with a conventional one having a jacket
structure, and a reaction vessel can be efficiently cooled or heated by a small amount of heat medium,
and at the same time, temperature control precision can be improved. In particular, the occurrence
of' undershoot at the time of cooling to an ultra low temperature by using liquid nitrogen as a heat
medium can be prevented.

Brief Description of Drawings

[0011]




Fig. 1 is a sectional front view of a reaction device representing the first embodiment of the
present invention.

Fig. 2 is a front view of a reaction vessel of the same.

Fig. 3 is a [TI—I1II sectional view of Fig. 2.

Fig. 4 is a cross-sectional view representing the attachment state in the upper portion of a
pressing plate of the same.

Fig. 5 is a cross-sectional view representing the attachment state in the lower portion of a
pressing plate of the same.

Fig. 6 is a VI—VI sectional view of Fig. 2.

Fig. 7 is a cross-sectional view of the main portion of the same.

Fig. 8 is a cross-sectional view of a reaction vessel representing the second embodiment of
the present invention.

Fig. 9 is a cross-sectional view of a reaction vessel representing the main portion of the third
embodiment of the present invention.

Modes for Carrying out the Invention
[0012]

In the first embodiment of the reaction device of the present invention shown in IFigs. 1 to 7,
this reaction device 11 is such that an outer vessel 14 is provided on the outer side of a reaction
vessel 13 containing a reaction liquid 12, and on the outer wall of the reaction vessel 13, one
heat-medium circulation tube 15 which circulates a heat medium such as liquid nitrogen is wound
spirally from the bottom side toward the top side of the reaction vessel 13, and is pressed against the
outer wall of the reaction vessel 13 by a pressing member 16.

[0013]
The reaction vessel 13 is a bottomed cylindrical container having an opening on the top

made of a metal such as a stainless steel, wherein a reaction vessel flange 13a is provided on the




outer circumference on the upper portion of the reaction vessel 13, and the top opening of the
reaction vessel 13 is covered by a lid member 18 fixed detachably on a reaction vessel flange 13a
with a bolt 17. A discharge tube 19 protrudes from the center on the bottom of the reaction vessel
13 toward the bottom of the outer vessel 14.

[0014]

An outer vessel 14 is a bottomed cylindrical container with a size such that the reaction
vessel 13 can be contained, which is made of a metal such as a stainless steel, wherein a cylindrical
portion 14a through which the discharge tube 19 penetrates is provided at the center of the bottom
thereof. The lid member 18 is provided with an agitator 20 having an agitation blade 20c¢ at the tip
of a rotation axis 20b to which a motor 20a is connected, and at the same time, is provided with a
temperature sensor insertion portion, an agent injection portion or the like as appropriate, each of
which is not shown.

[0015]

A heat-medium circulation tube 15 passes through the space portion between the reaction
vessel 13 and the outer vessel 14, extends below the bottom of the reaction vessel 13, then rises up
toward the center side of the bottom of the reaction vessel 13, and is spirally wound from the bottom
side to the top side of the reaction vessel 13 to form a wound portion 15a.  The terminal of the
heat-medium circulation tube 15 is equipped with a cap 21 which occludes the opening end of the
heat-medium circulation tube 15, and at the same time, one round portion which is wound at the
uppermost portion is provided with a plurality of orifices 15b which discharge liquid nitrogen or a
low temperature nitrogen gas which is the vaporized liquid nitrogen which has risen up in the
heat-medium circulation tube 15, from inside the heat-medium circulation tube 15, toward the outer
wall of the reaction vessel 13.

[0016]

This orifice 15b is such that liquid nitrogen is discharged therefrom toward the outer wall of



the reaction vessel 13 directing diagonally below with respect to the horizontal direction, for
example, in an angle of about 45 degrees diagonally below with respect to the horizontal direction.
Sixteen orifices 15b are provided in the circumferential direction of the reaction vessel 13 at regular
intervals. By providing such an orifice 15b, liquid nitrogen which is provided in the heat-medium
circulation tube 15 and which is discharged from the orifice 15b can be allowed to flow along the
outer wall of the reaction vessel 13, and direct heat exchange between the flowing liquid nitrogen
and the outer wall of the reaction vessel 13 is performed to efficiently cool the reaction vessel 13.
Although a plurality of the orifices 15b are provided only on one round of the heat-medium
circulation tube 15 which is wound at the uppermost portion in Fig. 7, it is also possible to produce a
device having a configuration in which the orifices 15b are provided at the top third in the height
direction of the reaction vessel 13, and preferably at the top three rounds at the uppermost portion.
[0017]

The heat-medium circulation tube 15 may be formed of copper , stainless steel or the like,
and the shape of the heat-medium circulation tube 15 may be any shape such as an oblong circular,
circular or elliptical cross-sectional shape. By employing an oblong circular cross-sectional shape,
the contact area with the reaction vessel 13 is increased and the heat-exchange efficiency can be
improved.

[0018]

Gaps between the inner circumference of the heat-medium circulation tube 15 and the outer
wall of the reaction vessel 13 are filled with a filler 22 for efficiently transferring heat from the
heat-medium circulation tube 15 to the outer wall of the reaction vessel 13.  This filler 22 is for
cancelling decrease in heat transfer by a gas such as air or nitrogen gas which is enclosed in the gaps.
By filling the filer 22 composed of a material having the same thcrmal conductivity as or a higher
thermal conductivity than that of materials of the heat-medium circulation tube 15 and the reaction

vessel 13, such as copper, aluminum, brass, stainless steel, sintercd metal, or thermal transfer cement,



the efficiency of heat transfer between the heat-medium circulation tube 15 and the reaction vessel
13 can be improved. By using, as the filler 22, a material inside which a liquid can flow, such as
copper wool, aluminum wool, brass wool, stainless steel wool or sintered metal, scattering of liquid
nitrogen discharged from the orifice 15b can be prevented, and at the same time, the flow time of
liquid nitrogen flowing along the outer wall of the reaction vessel 13 can be prolonged, thereby
further improving the heat exchange efficiency.

[0019]

The pressing member 16 for pressing the heat-medium circulation tube 15 against the outer
wall of the reaction vessel 13 is a strip-shaped plate, wherein the upper end of the pressing member
16 is fixed on the outer wall of the reaction vessel 13 at above the wound portion 15a of the
heat-medium circulation tube 15, and the lower end of the pressing member 16 is fixed on the outer
wall of the reaction vessel 13 at below the wound portion 15a (on the center side of the bottom), by
attachment screws 16a, 16a, respectively. Four pressing members 16 are attached at regular
intervals in the circumferential direction of the reaction vessel 13, and press the inner circumference
portion of the wound portion 15a against the outer periphery of the outer wall of the reaction vessel
13 in such a manner that they are surely in contact with each other.

[0020]

When a low-temperature reaction is performed by using the thus formed reaction device 11,
the reaction liquid 12 is contained in the reaction vessel 13, and while the reaction liquid 12 is
agitated with the agitator 20, liquid nitrogen is provided in the heat-medium circulation tube 15.
Consequently, a direct heat exchange is performed at the contact portion between the wound portion
15a having a low temperature by cooling with liquid nitrogen and the reaction vessel 13, and further,
an indirect heat exchange with the reaction vessel 13 is performed via the filler 22 having a low
temperature by the contact with the wound portion 15a, whereby the reaction liquid 12 in the

reaction vessel 13 is cooled to a prescribed temperature.



[0021]

The feed amount of liquid nitrogen into the heat-medium circulation tube 15 is controlled by
opening and closing a valve provided on the heat-medium circulation tube 15 based on the
temperature of the reaction liquid 12 in the reaction vessel 13 measured by a temperature sensor, or
by adjusting the degree of opening of the valve or the like. Liquid nitrogen or vaporized nitrogen
gas risen up in the wound portionl 5a is discharged from the orifice 15b toward the outer wall of the
reaction vessel 13, and after cooling the space between the reaction vessel 13 and the outer vessel 14,
lead out from a discharge port (not shown) provided on the outer vessel 14 to the outside.

[0022]

Since the amount of liquid nitrogen used for cooling the reaction liquid 12 can be at most
the amount by which the orifice 15b provided at the end portion of the heat-medium circulation tube
15 is filled, which is considerably smaller than the amount of liquid nitrogen left in a jacket in a
conventional jacket type device, the amount of liquid nitrogen required for the initial cooling can be
considerably made small, and at the same time, the occurrence of undershoot with respect to the set
temperature can be prevented because the amount of liquid nitrogen left in the heat-medium
circulation tube 15 is small by stopping the provision of liquid nitrogen at the time when the reaction
liquid 12 is cooled to a set temperature. Since liquid nitrogen can be provided in the smaller
volume heat-medium circulation tube 15 compared with a jacket type device while cooling near the
set temperature, the amount of liquid nitrogen used can be made small, and at the same time, since
the feed amount of liquid nitrogen can be easily optimized, the temperature control precision can be
improved.

[0023]

Further, by spirally winding the heat-medium circulation tube 15 on the outer circumference

of the reaction vessel 13, the wound portion 15a can be enough long, and the residence time of liquid

nitrogen in the wound portion 15a can be prolonged, whereby liquid nitrogen provided in the wound



portion 15a can efficiently contribute to heat exchange. Since, by providing the outer vessel 14
which hermetically covers the outer circumference of the reaction vessel 13, the temperature of the
space between the reaction vessel 13 and the outer vessel 14 can be kept lower than the temperature
of the atmosphere where the reaction device 11 is installed, the cooling effect by the heat-medium
circulation tube 15 can be further improved.

[0024]

Fig. 8 represents the second embodiment of the present invention, and the same component
as in the first embodiment is denoted as the same sign, and the description thereof in detail will be
left out.

[0025]

In the present embodiment, as the pressing member which presses the wound portion 15a of
the heat-medium circulation tube 15 against the outer wall of the reaction vessel 13, a pair of half
bodies 25a, 25a having a shape such that a cylindrical pressing plate 25 which covers the periphery
of the wound portion 15a is divided into two parts in a vertical plane are used, and by fastening the
end portions of the half bodies 25a, 25a together by a plurality of bolts 25b and nuts 25c¢, the wound
portion 15a is in close contact with the outer wall of the reaction vessel 13.

[0026]

By pressing the heat-medium circulation tube 15 against the reaction vessel 13 by such a
pressing plate 25, the efficiency of heat transfer between the heat-medium circulation tube 15 and the
filler 22 and the outer wall of the reaction vessel 13 can be further improved, and at the same time,
the cooling effect by liquid nitrogen flowing inside the filler 22 can be further improved.

[0027]

Fig. 9 represents the third embodiment of the present invention, and the same component as

in the first embodiment is denoted as the same sign, and the description thereof in detail will be left

out.



[0028]

By winding a sheet-shaped filler 22 on the outer wall of a reaction vessel which contains a
reaction liquid and providing a heat-medium circulation tube in such a state that the tube presses over
the sheet, gaps between the heat-medium circulation tube and the outer wall of the reaction vessel are
filled with a filler. Also in cases where the heat-medium circulation tube and the outer wall of the
reaction vessel are in contact with each other via the sheet-shaped filler of a material inside which a
liquid can flow, they are substantially in a state of being in contact with each other, and a cooling
effect by liquid nitrogen can be obtained in the same manner as in the first embodiment.

[0029]

As the sheet-shaped filler, a material having the same thermal conductivity as or a higher
thermal conductivity than that of materials of the heat-medium circulation tube 15 and the reaction
vessel 13 and a structure inside which a liquid can flow, such as copper wool, aluminum wool, brass
wool, stainless steel wool or sintered metal can be used. A sheet with a thickness of £30% to +10%
with respect to the diameter of the heat-medium circulation tube (diameter with respect to the
diameter direction of the reaction vessel) in the state before it is pressed by the heat-medium
circulation tube, is preferably used. By pressing the heat-medium circulation tube thereon, the
thickness of the sheet is compressed to about 20% compared with the thickness of the sheet before it
is pressed.

[0030]

Although in the above-mentioned embodiments, as a heat medium, liquid nitrogen is used,
the heat medium is not limited thereto in the present invention. Any heat medium may be used, and
a heat medium which increases the temperature of the reaction liquid may be used. A plurality of
heat-medium circulation tubes can be used, and also, the heat-medium circulation tubes can be
provided in a zigzag-shape on the outer wall of the reaction vessel.  Further, a device in which a

heat medium introduction port is provided on the lower portion of the outer vessel, and a heat
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medium discharge port is provided on the top the outer vessel individually, and which has a structure
in which a heat medium can be directly introduced in the outer vessel in the same way as in a
conventional device may be used.

Example 1

[0031]

In the reaction device shown in Fig. 1, as the reaction vessel 11, a general 10 liter reaction
vessel (diameter: about 215 mm, depth: about 250 mm) was used to perform a cooling experiment.
As the heat-medium circulation tube 15, a commercially available copper pipe was used, and gaps
between the copper pipe and the reaction vessel outer wall was filled with a commercially available
copper wool.  As the outer vessel 14, a jacket (outer vessel) which is used for a conventional jacket
type 10 liter reaction vessel was used as it was.

[0032]

Experimental Example 1

On the outer circumference of the reaction vessel, a 22 m copper pipe having a diameter of
9.53 mm was wound, and the temperature of a reaction liquid was set to -90°C to provide liquefied
nitrogen to the copper pipe.

[0033]

Experimental Example 2

On the outer circumference of the reaction vessel, a 34 m copper pipe having a diameter of
6.35 mm was wound, and, in the same manner as in Experimental Example 1, the temperature of a
reaction liquid was set to -90°C to provide liquefied nitrogen to the copper pipe.

[0034]
Experimental Example 3
On the outer circumference of the reaction vessel, a 17 m copper pipe having a diameter of

6.35 mm was wound on the lower half of the reaction vessel, and, in the same manner as in

11



Experimental Example 1, the temperature of a reaction liquid was set to -90°C to provide liquefied
nitrogen to the copper pipe.
[0035]

Experimental Example 4

As a comparative example, the same device was used as a jacket type device without
winding a copper pipe, and, in the same manner as in Experimental Example 1, the temperature of a
reaction liquid was set to -90°C to provide liquefied nitrogen to the jacket.
[0036]

An initial cooling time (0 to -90°C (min)), a control precision (AT°C), the amount of

liquefied nitrogen used at the initial cooling (kg) in Experimental Examples 1 to 4, are shown in

Table 1.
[Table 1]
Initial cooling time (min) | Control precision (°C) Amount of liquefied
(0 to -90°C) (AT) nitrogen used (kg)
(Initial cooling)
Experirr;ntal_ a - B :
26.8 1.4 10.4
Example 1
Experimental
51.9 0.9 11.1
Example 2
Experimental
43.5 0.9 11.2
Example 3 B s
Experimental
32.6 3.7 15.7
Example 4 B - )
[0037]

In Experimental Example 1, although the initial cooling time was the shortest, and the
amount of liquefied nitrogen used was the smallest, the control precision was slightly worse than that
in Experimental Example 2 and Experimental Example 3. In Experimental Example 2 and
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Experimental Example 3, although the initial cooling time and the amount of liquefied nitrogen used
were worse than that in Experimental Example 1, an excellent control precision could be obtained.
The initial cooling time in Experimental Example 2 is longer than that in Experimental Example 3
because the resistance in the flow pass is increased because the pipe is long, or because the provision
times of liquefied nitrogen to the whole pipes are not the same. In Experimental Example 3, the
amount of liquefied nitrogen used is slightly larger than that in Experimental Example 2, because the
amount of liquefied nitrogen which does not contribute to the heat exchange and discharged is
slightly increased because the pipe is short. However, it is found that in any of these Experimental
Examples, the control precision and the amount of liquefied nitrogen used are considerably improved
compared with Experimental Example 4 which uses a conventional jacket type device.

Reference Signs List

[0038]

11...reaction device, 12...reaction liquid, 13.. reaction vessel, 13a...reaction vessel flange,
14...outer vessel, 14a.. cylindrical portion, 15.. heat-medium circulation tube, 15a...... wound
portion, 15b...orifice, 16.. pressing member, 16a...attachment screws, 17...bolt, 18...1id member,
19...discharge tube, 20.. agitation blade, 20a...motor, 20b...rotation axis, 20c...agitation blade,

21...cap, 22.. filler, 25.. pressing plate, 25a.. half body, 25b ..bolt, 25c...nut
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Claims
1. A reaction device which is provided with a heat-medium circulation tube in contact with an
outer wall of a reaction vessel containing a reaction liquid, and at the same time, is provided with an
inlet for the liquid heat medium at the lower end portion of the heat-medium circulation tube, and an
outlet for the liquid heat medium or a gas heat medium which is a vaporized liquid heat medium at
the upper end portion of the heat-medium circulation tube, respectively, wherein the outlet is a
plurality of the orifices which direct diagonally below with respect to the horizontal direction.
2. The reaction device according to claim 1, wherein the heat-medium circulation tube is
wound spirally from the bottom side of the reaction vessel to the top side the of reaction vessel.
3. The reaction device according to claim 1 or 2, wherein gaps between the heat-medium
circulation tube and the reaction vessel outer wall are filled with a filler.
4. The reaction device according to claim 3, wherein the filler is formed by a material in which
a liquid can flow inside the filler, and at the same time, the outlet is formed in a direction such that
the liquid heat medium is discharged toward the filler.
5. The reaction device according to any one of claims 1 to 4, wherein a pressing member for
pressing the heat-medium circulation tube against the outer wall of the reaction vessel is provided on
the outer circumference of the heat-medium circulation tube.
6. The reaction device according to any one of claims 1 to 5, wherein an outer vessel is
provided which hermetically covers the outer circumference of the reaction vessel provided with the

heat-medium circulation tube.

7. The reaction device according to any one of claims 1 to 6, wherein the heat medium is liquid
nitrogen.
8. A reaction device which is provided with a heat-medium circulation tube, via a filler inside

which a liquid can flow, on an outer wall of a reaction vessel containing a reaction liquid, and at the

same time, is provided with an inlet for the liquid heat medium at the lower end portion of the
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heat-medium circulation tube, and an outlet for the liquid heat medium or a gas heat medium which
is a vaporized liquid heat medium at the upper end portion of the heat-medium circulation tube,
respectively, wherein the outlet is a plurality of the orifices which direct diagonally below with

respect to the horizontal direction.
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