[DESCRIPTION]

[Title of Invention] MICROREACTOR
[Technical Field]

[0C01]

The present invention relates to a microreactor designed to
use a micro space as a reaction field.
[Background Art]

[0002]

A microreactor is a reaction apparatus provided with a micro
space as a reaction field, and designed to increase a collision
frequency of molecules and a heat transfer velocity, thereby
improving a reaction rate and a reaction yield.

[00C3]

Such a microreactor includes a reaction passage with a small
cross section, for example. A catalyst is provided inside the
reaction passage. When a fluid which is a reaction object flows
in the reaction passage, a reaction of the fluid is accelerated.
The microreactor further includes a medium passage provided in
parallel with the reaction passage and in thermal contact with the
reaction passage. A heat medium flows in the medium passage.
Accordingly, the heal generated by the reaction is collected through
the heat medium in the medium passage.

[0004]

PTL 1 discloses a technique to cause a cooling gas to flow
in a medium passage provided in contact with a reaction passage
and thereby to efficiently cool a reformed gas flowing in the
reaction passage. 1In addition, according to the technique of PTL
1, cooling efficiency is made different belween an inlet and an
outlet of the reacltion passage by way of filling a heat transfer
accelerator only into a region of the medium passage corresponding

to the outlet of the reaction passage.



{Citation List]

[Patent Literature]

[0005]

(PTL 1] Japanese Patent No. 3900570
[Summary of Invention]

[Technical Problems]

[0006]

Depending on a temperature transition in a reaction passage
during an exothermic reaction, the conventional microreactor may
cause a bias in the temperature distribution, thereby necessitating
a temperature control measure or otherwise adversely affecting
durability of the microreactor. This 1is because the heat
absorption capacity of the heat medium is underused at a portion
of the medium passage adjacent to a location where heat generation
is low, whereas the heat medium causes an excessive temperature
rise attributed to a failure to sufficiently absorb the heat at
a portion of the medium passage adjacent to a location where heat
generation is high.

[0007]

On the other hand, during an endothermic reaction, the heat
transfer capacity of the heat medium is underused at a portion of
the medium passage adjacent to a location where heat absorption
is low, whereas the heat medium is likely to hinder the efficient
progress of the endothermic reaction attributed to a failure to
sufficiently transfer the heat at a portion of the medium passage
adjacent to a location where heat absorption is high.

[0008]

In view ¢of the aforementioned problems, an object of the
present invention is to provide a microreactor capable of
appropriately balancing heat generation or heat absorption in a

reaction passage, and improving efficiency in heat exchange between




a heat medium and a fluid as a reaction object.
[Solution to Problem]
[0009]

An aspect of the present invention is a microreactor. Its
gist is as follows. The microreactor includes: a reaction passage
configured to flow a fluid as a reaction object; and a medium passage
provided in parallel with the reaction passage and configured to
flow a heat medium to exchange heat with the fluid in the reaction
passage. A cross-sectional area of the medium passage adjacent to
a high-activity region of the reaction passage is smallexr than a
cross—sectional area of the medium passage adjacent to a
low-activity region of the reaction passage. Any of heat
generation and heat absorption associated with a reaction of the
fluid is relatively large in the high-activity region. Any of the
heat generation and the heat absorption associated with the reaction
of the fluid is relatively small in the low-activity region.
{0010]

The medium passage may be formed in such a way that its
cross—sectional area gradually increases from the high-activity
region side of the reaction passage toward the low-activity region
side of the reaction passage.

[0011]

An opening area of the medium passage close to the
high-activity region of the reaction passage may be smaller than
an opening area of the medium passage close to the low-activity
region of the reaction passage.

[0012]

A cross-sectional area of the high-activity region of the
reaction passage may be larger than a cross-sectional area of the
low-activity region of the reaction passage.

[0013]




The reaction passage may be formed in such a way that its
cross—-sectional area gradually decreases from the high-activity
region side teward the low-activity region side.

(0014)]

An opening area of the reaction passage close to the
high-activity region may be larger than an opening area of the
reaction passage close to the low-activity region.

[0015]

The reaction passage may include a catalyst layer provided
at least on part of its inner wall included in the high-activity
region and the low-activity region. The thickness of the catalyst
layer in the high-activity region may be larger than a thickness
of the catalyst layer in the low-activity region.

[0016]

A flowing direction of the heat medium in the medium passage
and a flowing direction of the fluid in the reaction passage may
be opposed to each other.

[Advantageous Effects of Invention]
[0017]

According to the present invention, it is possible to provide
a microreactor capable of appropriately balancing heat generation
or heat absorption in a reaction passage, and improving efficiency
in heat exchange between a heat medium and a fluid as a reaction
object.

[Brief Description of Drawings]
[0018]
[Fig. 1]

Fig. 1 is a transverse sectional view showing a schematic
configuration of a microreactor according to a first embodiment
of the present invention.

[Fig. 2]



Figs. 2(a) and 2 (b) are diagrams for explaining an exothermic
reaction in a reaction passage.
[Fig. 3]

Figs. 3(a) and 3 (b) are diagrams for explaining an endothermic
reaction in the reaction passage.
[Fig. 4]

Fig. 4 is a transverse sectional view showing a schematic
configuration of a microreactor according to a second embodiment
of the present invention.

[Description of Embodiments]
[0019]

Preferred embodiments of the present invention will be
described below in detail with reference to the accompanying
drawings. Dimensions, materials, specific numerical values, and
the like shown in the embodiments are mere examples for facilitating
the understanding of the invention, and do not intend to limit the
invention unless specifically stated otherwise. Meanwhile, in the
specification and the drawings, elements having substantially the
same functions or configurations will be denoted by the same
reference signs to omit duplicated explanations. Moreover,
illustration of elements not directly related to the "present
invention will be omitted.

[0020]
(First Embodiment: Microreactor 100)

A microreactor 100 includes micro-channel passages as a
reaction field. The micro-channel passages include multiple pipes
(tubes) formed by microfabrication. Accordingly, a reaction rate
and a reaction yield of a fluid flowing in the pipes can be improved.
In addition, it 1is possible to achieve rapid mixing, active
concentration distribution arrangement, and the like by optionally

configuring convection and diffusion aspects, and thus to achieve
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strict control of reaction conditions.
[0021]

Fig. 1 is a transverse sectional view showing a schematic
configuration of the microreactor 100. The microreactor 100
includes reaction passages 110 and medium passages 120. Each
reaction passage 110 is a minute pipe (tube) with a rectangular
cross section, which flows a fluid (a gas or a liquid, hereinafter
simply referred to as the fluid) as a reaction object in a direction
indicated with a solid-line arrow in Fig. 1. The reaction passage
110 of the embodiment has the rectangular cross section, at least
one side out of the width and the height of which is equal to or
below 1 mm. It i1s to be noted, however, that this value does not
limit the shape and dimensions of the reaction passages 110. As
in the case of the reaction passages 110, each medium passage 120
is also a minute pipe (tube) with a rectangular cross section. The
medium passage 120 flows a heat medium in a direction indicated
with a dashed-line arrow in Fig. 1. The medium passage 120 of the
embodiment has the rectangular cross section, at least one side
out of the width and the height of which is equal to or below 1
mm. It is to be noted, however, that this value does not limit the
shape and dimensions of the medium passages 120. Each reaction
passage 110 and the corresponding medium passage 120 are formed
in parallel with each other while interposing a heat transfer wall
130 in between so as to enable heat exchange between the fluid and
the heat medium respectively flowing therein. Note that the
flowing direction of the reaction fluid and the flowing direction
of the heat medium are opposed to each other. The disposition of
the reaction passage 110 and the medium passage 120 in parallel
with each other as described above makes it possible to cause the
heat medium to rapidly absorb heat associated with an exothermic

reaction of the fluid, and to accelerate an endothermic reaction



of the fluid by allowing rapid heat transfer from the heat medium.
[0022]

Meanwhile, each reaction passage 110 includes a catalyst
layer 112 which is provided on at least part of its inner wall,
or preferably on the entire inner wall. The catalyst layer 112
accelerates reactions of the fluid. When the catalyst layer 112
is provided on part of the inner wall, that part includes a
high-activity region and a low-activity region of the reaction
passage 110. Here, the high-activity region means a portion (a
region) where heat generation or heat absorption associated with
a reaction of the fluid is relatively high while the low-activity
region means a portion (a region) where the heat generation or the
heat absorption associated with a reaction of the fluid is
relatively low. When a heat transfer wall distance of the reaction
passage 110 is in a range from 200 ym to 6 mm (exclusive of the
catalyst layer 112), for example, a thickness of the catalyst layer
112 is equal to or above 50 pm. Now, operation of the embodiment
will be described below on the basis of the exothermic reaction
and the endothermic reaction, respectively.

[0023]

Fig. 2 shows explanatory diagrams for explaining the
exothermic reaction in the reaction passage 110. Fig. 2(a) depicts
a combination of the reaction passage 110 and the medium passage
120 adjacent to each other, while Fig. 2(b) depicts temperature
gradients in the respective passages.

[0024]

Referring to Fig. 2(a), the fluid flows inside the reaction
passage 110 and comes into contact with the catalyst layexr 112,
thereby initiating the exothermic reaction. Examples of the
exothermic reaction include the following reactions expressed by

Chemical Formula 1 and Chemical Formula 2.



CO+3Hy » CHy+H,0 (Chemical Formula 1)

CO+Hz0 — CO,+H, (Chemical Formula 2)

Here, a catalyst such as Ni-supported Al;03; or Ru-supported
Al,03 is used as the catalyst layer 112 in the exothermic reaction
according to Chemical Formula 1. Meanwhile, a Cu-Zn based catalyst
or a Fe-Cr based catalyst is used as the catalyst layer 112 in the
exothermic reaction according to Chemical Formula 2.

[0025]

At this time, as indicated with a solid line in Fig. 2(b)‘,
a temperature transition in the reaction passage 110 shows an aspect
in which the temperature becomes highest in the vicinity of an inlet
{(an opening 110a) of the reaction passage 110 and lowest in the
vicinity of an outlet (an opening 110b) thereof. This aspect is
due to the fact that: the fluid soon after flowing into the reaction
passage 110 still contains a large amount of an unreacted substance
which increases a reaction frequency; and as the reaction progresses
along the flow of the fluid inside the reaction passage 110, most
of the substance will have reacted and the reaction frequency will
therefore decrease when the fluid is about to flow out of the
reaction passage 110.

[0026]

Accordingly, the heat generation becomes relatively large in
the vicinity of the inlet of the reaction passage 110 where the
reaction frequency is high, whereas the heat generation becocmes
relatively small in the vicinity of the outlet thereof. The heat
thus generated is transferred to the medium passage 120 as indicated
with white arrows in Fig. 2(a). Note that the width of each of the
white arrows in Fig. 2(a) represents the amount of heat transfer.
Here, if the medium passage 120 is simply formed to have the constant
passage cross section, the heat absorption capacity of the heat

medium is underused at a portion of the medium passage 120 adjacent



to a location (i.e., the low-activity region) of the reaction
passage 110 where reaction heat is low. On the other hand, the heat
medium cannot completely absorb a rise in temperature at a portion
of the medium passage 120 adjacent to a location (i.e., the
high-activity region) of the reaction passage 110 where the reaction
heat is high, and an excessive temperature rise occurs in the
reaction passage 110 as a consequence. In this regard, according
to the embodiment, a work transition of the heat absorption of the
medium passage 120 is changed in response to the temperature
transition in the reaction passage 110, thereby achieving a heat
balance.

[(0027]

To be more precise, in the microreactor 100 of the embodiment,
the medium passage 120 is formed in such a way that its
cross—-sectional area gradually increases from the portion
corresponding to the high-activity region of the reaction passage
110 toward the portion corresponding to the low-activity region
of the reaction passage 110 (from the opening 110a toward the opening
110b). In other words, the pathway of the medium passage 120
gradually narrows from an inlet (an opening 120a) toward an outlet
(an opening 120b) for the heat medium.

[0028]

Since the medium passage 120 has the above-described shape,
a flow velocity of the heat medium inside the medium passage 120
becomes progressively faster from the opening 120a toward the
opening 120b when its flow rate per unit time 1is constant.
Accordingly, a frequency (a heat transfer coefficient) of contact
between the heat medium with a high heat transfer capacity and an
inner surface of the medium passage 120 increases at the portion
of the medium passage 120 corresponding to the high-activity region

of the reaction passage 110, and efficient heat exchange is achieved



as indicated with a dashed line in Fig. 2(b). As a consequence,
it is possible to avoid the excessive temperature rise in the
microreactor 100 due to a failure of the heat medium to sufficiently
absorb the heat.

[0029]

On the other hand, a cross section of the medium passage 120
corresponding to the low-activity region of the reaction passage
110 is wider than a cross section of the medium passage 120
corresponding to the high-activity region of the reaction passage
110. Accordingly, the flow velocity of the heat medium at the
portion of the medium passage 120 corresponding to the low-activity
region becomes lower than the flow velocity of the heat medium at
the portion of the medium passage 120 corresponding to the
high-activity region. However, the low flow velocity is not a
problem because the heat absorption capacity of the heat medium
is underused and a large quantity of heat absorption is therefore
not required at the portion of the medium passage 120 corresponding
to the low-activity region.

[0030]

Fig. 3 shows explanatory diagrams for explaining the
endothermic reaction in the reaction passage 110. Fig. 3(a)
depicts the combination of the reaction passage 110 and the medium
passage 120 adjacent to each other, while Fig. 3(b) depicts
temperature gradients in the respective passages.

[0031]

Referring to Fig. 3(a), the fluid flows inside the reaction
passage 110 and comes into contact with the catalyst layer 112,
thereby initiating the endothermic reaction. Examples of the
endothermic reaction include the following reaction expressed by
Chemical Formula 3.

CH4+H0 —» CO+3H; (Chemical Formula 3)
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Here, the catalyst such as Ni-supported A1,03 or Ru-supported
Al1,03 is used as the catalyst layer 112 in the endothermic reaction
according to Chemical Formula 3.

[0032]

At this time, as indicated with a solid line in Fig. 3(b),
a temperature transition in the reaction passage 110 increases with
the advance in the flowing direction, and its temperature gradient
(a rise in temperature per unit moving distance) becomes highest
in the vicinity of the inlet (the opening 110a) of the reaction
passage 110 and lowest in the vicinity of the outlet (the opening
110b) thereof. As in the case of the exothermic reaction, this
aspect is due to the fact that: the fluid soon after flowing into
the reaction passage 110 still contains a large amount of an
unreacted substance which increases a reaction frequency; and as
the reaction progresses along the flow of the fluid inside the
reaction passage 110, most of the substance will have reacted and
the reaction frequency will therefore decreases when the fluid is
about to flow out of the reaction passage 110.

[0033]

Accordingly, a relatively large amount of heat transfer is
required for heat absorption in the vicinity of the inlet of the
reaction passage 110 where the reaction frequency is high, whereas
a relatively small amount of heat transfer is required in the
vicinity of the outlet thereof. Accordingly, the heat of the heat
medium is transferred to the reaction passage 110 as indicated with
white arrows in Fig. 3(a). Note that the width of each of the white
arrows in Fig. 3(a) represents the amount of heat transfer. In this
case as well, a work transition of the heat transfer of the medium
passage 120 is changed in response to the temperature transition
in the reaction passage 110, thereby achieving a heat balance.

[0034]
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In the endothermic reaction as well, the medium passage 120
is formed in such a way that, as in the case of the exothermic reaction,
its cross-sectional area gradually increases from the portion
corresponding to the region of the reaction passage 110 where the
heat absorption is relatively laxge toward the portion
corresponding to the region thereof where the heat absorption is
relatively small (from the opening 110a toward the opening 110b).
In other words, the medium passage 120 is formed in such a way that
its cross-sectional area gradually increases from the portion on
the high-activity region side of the reaction passage 110 toward
the portion on the low-activity region side of the reaction passage
110. That is to say, the pathway of the medium passage 120 gradually
narrows from the inlet (the opening 120a) toward the outlet (the
opening 120b) for the heat medium.

[0035]

Since the medium passage 120 has the above-described shape,
the flow velocity of the heat medium inside the medium passage 120
becomes progressively faster from the opening 120a toward the
opening 120b when its flow rate per unit time is constant.
Accordingly, the frequency (the heat transfer coefficient) of
contact between the heat medium and the inner surface of the medium
passage 120 increases at the portion of the medium passage 120
corresponding to the high-activity region of the reaction passage
110, and efficient heat exchange is achieved as indicated with a
dashed line in Fig. 3(b). Specifically, the heat medium that has
undergone the heat absorption rapidly moves at this portion and
a new heat medium flows therein. Accordingly, it is possible to
prevent the temperature of the microreactor 100 from dropping
locally and excessively as a result of the heat medium discharging
(being deprived of) too much heat.

[0036]

12




In the above-described embodiment, the medium passage 120 is
formed in such a way that its cross-sectional area gradually
increases. However, the change in the cross-sectional area is not
limited only to the gradual increase. . Specifically, the
cross~sectional area of the portion of the medium passage 120
adjacent to the high-activity region of the reaction passage 110
may be set smaller than the cross-sectional area of the portion
of the medium passage 120 adjacent to the low-activity region of
the reaction passage 110. In other words, the object of the
embodiment can be attained only by narrowing the portion of the
medium passage 120 corresponding to the high-activity region of
the reaction passage 110.

[0037]

As shown in Fig. 2 and Fig. 3, the opening area (the outlet
area) of the opening 120b of the medium passage 120 close to the
high-activity region (on the high-activity region side) becomes
smaller than the opening area (the inlet area) of the opening 120a
of the medium passage 120 close to the low-activity region (on the
low—activity region side) as a consequence of the above-described
conditions.

[0038]
(Second Embodiment: Microreactor 200)

In the above-described first embodiment, the size of the
cross—sectional area is changed in the flowing direction in terms
of the medium passage 120. 1In the second embodiment, the size of
the cross-sectional area is changed in the flowing direction in
terxms of not only the medium passage 120 but also the reaction
passage 110.

[0039]
Fig. 4 is a transverse sectional view showing a schematic

configuration of a microreactor 200. As in the case of the
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microreactor 100 in the first embodiment, the microreactor 200
includes reaction passages 110 and medium passages 120. Each
reaction passage 110 and the corresponding medium passage 120 are
formed in parallel with each othexr while interposing a heat transfer
wall 130 in between so as to enable heat exchange between a fluid
and a heat medium respectively flowing therein. However, unlike
in the first embodiment, the reaction passage 110 is formed in such
a way that its cross-sectional area gradually decreases from a
portion where heat generation or heat absorption is relatively large
£oward a portion where heat generation or heat absorption is
relatively small (from an opening 110a toward an opening 110Db).
In other words, the reaction passage 110 is formed in such a way
that its cross-sectional area gradually decreases from a
high-activity region side to a low-activity region side.

[0040]

Since the reaction passage 110 has the above-described shape,
a thickness of a portion of a catalyst layer 112 in the high-activity
region of the reaction passage 110 can be set larger than a thickness
of a portion of the catalyst layer 112 in the low-activity region
thereof. In the meantime, it is possible to further accelerate the
reaction without increasing a flow velocity of the fluid.
[0041]

Here, the catalyst layer 112 is provided on an inner wall of
each reaction passage 110 while a hollow without any catalyst layer
112 is defined along the center axis of the reaction passage 110.
Instead, a catalyst may be filled in the reaction passage 110. 1In
this case as well, it is possible to increase the absolute amount
of the catalyst in the high-activity region so that the reaction
can be accelerated further.

[0042]

Meanwhile, in the above-described embodiment, the reaction
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passage 110 is formed in such a way that its cross-—sectional area
gradually decreases. However, the change in the cross-sectional
area is not limited only to the gradual decrease. Specifically,
the cross-sectional area of the high-activity region of the reaction
passage 110 may be set larger than the cross-sectional area of the
low-activity region of the reaction passage 110. In other words,
the object of the embodiment can be attained only by widening the
portion of the reaction passage 110 where heat generation or heat
absorption is large.

[0043]

As shown in Fig. 4, the opening area (the inlet area) of the
opening 110a close to the high-activity region (on the high-activity
region side) becomes larger than the opening area (the outlet area)
of the opening 110b close to the low-activity region (on the
low-activity region side) as a consequence of the above~described
conditions.

[0044]

As described above, in the embodiment, the flowing direction
of the heat medium in the medium passage 120 and the flowing
direction of the fluid in the reaction passage 110 are opposed to
each other. Accordingly, the portion of the reaction passage 110
with the large cross—sectional area corresponds to the portion of
the medium passage 120 with the small cross—-sectional area, while
the portion of the reaction passage 110 with the small
cross—sectional area corresponds to the portion of the medium
passage 120 with the large cross-sectional area. As a consequence,
a layout balance is achieved as shown in Fig. 4 so that the passages
can be provided in parallel with one another. For this reason, this
configuration is advantageous to installation of the microreactor
200 and to connection of the openings of the passages to other

devices.
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[0045]

As described above, according to the embodiment, it is
possible to appropriately balance heat generation or heat
absorption in the reaction passage, and to improve efficiency of
heat exchange between the heat medium and the fluid as the reaction
object.

[0046]

Although the embodiments of the present invention have been
described above with reference to the accompanying drawings, the
present invention is not limited only to the embodiments. It is
obvious that a person skilled in the art can arrive at wvarious
altered examples and modified examples within the scope as defined
in the appended claims. Here, it is to be understood that such
alterations and modifications are naturally encompassed by the
technical scope of the present invention as well.

[0047]

For instance, while the above-described embodiments explain
the examples of gradually increasing or gradually decreasing the
cross—sectional areas of the passages, the transition of the
cross—sectional area does not always have to be continuous. The
reaction passage 110 only has to satisfy that its portion where
heat generation or heat absorption associated with a reaction is
relatively high corresponds to the portion of the medium passage
120 with the relatively small cross-sectional area, and that its
portion where heat generation or heat absorption associated with
the reaction is relatively low corresponds to the portion of the
medium passage 120 with the relatively large cross—-sectional area.
[Industrial Applicability]

[0048]
The present invention is applicable to a microreactor

provided with a micro space as a reaction field.
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[CLAIMS]
[Claim 1]

A microreactor comprising:

a reaction passage configured to flow a fluid as a reaction
object; and

a medium passage provided in parallel with the reaction
passage and configured to flow a heat medium to exchange heat with
the fluid in the reaction passage, wherein

a cross-sectional area of the medium passage adjacent to a
high-activity region of the reaction passage is smaller than a
cross-sectional area of the medium passage adjacent to a
low~activity region of the reaction passage,

any of heat generation and heat absorption associated with
a reaction of the fluid is relatively large in the high-activity
region, and

any of the heat generation and the heat absorption associated
with the reaction of the fluid is relatively small in the
low—-activity region.

[Claim 2]

The microreactor according to claim 1, wherein the medium
passage 1is formed in such a way that its cross-sectional area
gradually increases from the high-activity region side of the
reaction passage toward the low-activity region side of the reaction
passage.

[Claim 3]

The microreactor according to claim 1 or 2, wherein an opening
area of the medium passage close to the high-activity region of
the reaction passage is smaller than an opening area of the medium
passage close to the low-activity region of the reaction passage.
[Claim 4]

The microreactor accoxding to any one of claims 1 to 3, wherein
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a cross—-sectional area of the high-activity region of the reaction
passage is larger than a cross—-sectional area of the low-activity
region of the reaction passage.

[Claim 5]

The microreactor according to claim 4, wherein the reaction
passage is formed in such a way that its cross-sectional area
gradually decreases from the high-activity region side towaxrd the
low-activity region side.

[Claim 6]

The microreactor according to claim 4 or 5, wherein an opening
area of the reaction passage close to the high-activity region is
larger than an opening area of the reaction passage close to the
low-activity region.

[Claim 7]

The microreactor according to any one of claims 4 to 6, wherein

the reaction passage comprises a catalyst layer provided at
least on part of its inner wall included in the high-activity region
and the low-activity region, and

a thickness of the catalyst layer in the high~activity region
is larger than a thickness of the catalyst layer in the low-activity
region.

[Claim 8]

The microreactor according to any one of claims 1 to 7, wherein
a flowing direction of the heat medium in the medium passage and
a flowing direction of the fluid in the reaction passage are opposed

to each other.
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