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CLAIMS (16)  translated from Japanese

1. A microwave irradiating device for processing the irradiated material by
microwave irradiation, 
And illumination means comprising a microwave radiation source, 
And a container to receive the material to be irradiated, 
Said container is transmissive to microwaves emitted from said irradiating
means and discharge means for discharging the irradiated material supply
means and the irradiation target material supplied from said container into
said container through a dielectric material within said container and a
microwave reception unit for, 
Furthermore, layers composed of a non-dielectric material between the
container interior and the outside atmosphere at least one disposed, 
And the irradiation means and said container is I removably connected, 
Microwave radiation and wherein the.

2. Wherein the dielectric material and the plate-like member, the
microwave irradiation apparatus according to claim 1,
characterized in that laminated to the microwave direction.

3. The microwave irradiation apparatus according to claim 1 or 2 in
at least two or more of said plate-like member, characterized in
that it sandwiching the dielectric material.

4. It said dielectric material is quartz glass, fluorine resin, ceramics,

Microwave irradiation device, linked
microwave irradiation device, and method of
manufacturing glycocomponent from plant
material 
WO 2010013696 A1

ABSTRACT

Disclosed are a microwave irradiation device that processes a material to be
irradiated by means of microwave irradiation and a method of manufacturing a
glycocomponent from plant material. The microwave irradiation device is
equipped with an irradiation means that contains a microwave radiation source
and a container that receives the material to be irradiated. In addition, the
container is equipped with a supply means that supplies the material to be
irradiated to the container, a discharge means that discharges the material to be
irradiated from the aforementioned container, and a microwave reception unit that transmits microwaves radiating from the irradiation means to the container by
means of a dielectric material. Furthermore, at least one layer composed of a non-dielectric material is placed between the interior of the container and the exterior
atmosphere, and the irradiation means and the aforementioned container are detachably connected.

DESCRIPTION  translated from Japanese

Microwave irradiation apparatus, linked microwave irradiation apparatus, and
method for producing a sugar component from plant material

The present invention relates to a microwave irradiation apparatus which permits
the processing of large quantities of the irradiated material by microwave
irradiation, relates to coupling microwave irradiation apparatus comprising a
combination of these. The present invention, while preventing excessive
decomposition of the sugars in the environmental load is low condition, efficient
plants able to produce a sugar component can obtain a polysaccharide capable
of sufficient saccharification even with a small amount of an enzyme a method
for producing a sugar component from the material.

Movement of the molecules of the material is irradiated with microwaves in a
predetermined substance is activated. The process of microwave irradiation is
known to have various effects. Therefore, the microwave processing organic
chemistry, inorganic chemistry, in fields such as biotechnology, the heating of
the material, sterilizing, drying, extraction or the like organic synthesis are used
in a wide range of applications.

The conventional microwave irradiation apparatus similar to that shown in Fig. 5
have been used (see Patent Document 1). Specifically, first, the irradiated
material is fed to the reaction tube 404 made of a dielectric material such as
ceramic by a pump 402. Also, the microwave is generated by the microwave
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alumina, and is composed of one or more substances selected
from the group consisting of sapphire and diamond, and / or the
non-dielectric material is stainless steel, aluminum, titanium,
nickel, composed of one or more substances selected from the
group consisting of gold and silver, 
The microwave irradiation apparatus according to any one of
claims 1 to 3, characterized in that.

5. The microwave irradiation apparatus according to any one of
claims 1-4 is combined two or more, 
And discharge means in the microwave irradiation apparatus one
of said two or more microwave irradiation apparatus, 
A supply means in other microwave irradiation apparatus is
adjacent to the microwave irradiation device, 
Another has a detachable structure, 
Containers for each of the microwave irradiation device when the
said supply means and said discharging means is connected to a
flow path of the irradiated material as an integral, 
Linked microwave irradiation apparatus.

6. The plant material containing at least lignocellulose, by microwave
irradiation in the presence of a Lewis acid catalyst, and degradation
products of lignin, a separation step of obtaining a mixture containing a
sugar component comprising at least solid polysaccharide including, 
A method for producing a sugar component from plant material.

7. In the separation step, we want to microwave irradiation of the
wavelength of the frequency 2000MHz ~ 6000MHz, 
According to claim 6, a method of producing a sugar component
from the plant material.

8. In the separation step, it is irradiated with microwaves during the
1 minute to 60 minutes, 
According to claim 6 or 7, a method of producing a sugar
component from the plant material.

9. In the separation process, it is irradiated with microwave as the
plant material is 80 ℃ ~ 240 ℃, 
According to any one of claims 6-8, a method of producing a
sugar component from the plant material.

10. Wherein the Lewis acid catalyst in the separation step, aluminum
chloride, aluminum bromide, aluminum sulfate, iron chloride (III),
zinc chloride, and consists of at least one selected from the
group consisting of zinc bromide, and zinc sulfate, 
According to any one of claims 6-9, a method of producing a
sugar component from the plant material.

11. The plant material containing at least lignocellulose, ion molybdate, by
microwave irradiation in the presence of ammonium ions and peroxide,
and decomposition products of lignin, a saccharide component comprising
at least a solid-like polysaccharides, and including a separation step of
obtaining a mixture comprising, 
A method for producing a sugar component from plant material.

12. The peroxide in the separation step is hydrogen peroxide, 
Of claim 11, a method of producing a sugar component from the
plant material.

13. In the separation step, we want to microwave irradiation of the
wavelength of the 2000MHz ~ 6000MHz, 
According to claim 11 or 12, a method of producing a sugar
component from the plant material.

14. In the separation step, it is irradiated with microwaves during the

radiation source 406, and reaches the heating device 410 is provided around the
reaction tube 404 to pass through the waveguide 408. As a result, the microwave
is transmitted through the dielectric material, the irradiated material present in the
reaction tube 404 is subjected to irradiation by microwaves. Furthermore
microwave to irregular reflection in the heating device 410, so that it is uniformly
irradiated to the irradiated material.

Also, the microwave irradiation apparatus of another configuration which enables
reaction at high temperature and high pressure is present (refer to Patent
Document 2 and Patent Document 3).

Sho 61-019098 JP Patent Publication No. 2002-113349 Patent Publication No.
2007-326013

However, the structure of a conventional microwave irradiation apparatus is
complex and it takes a great burden on maintenance to be performed periodically.
In particular, it takes much time and cost for replacement of the dielectric
material used for transmitting microwaves. Also, during maintenance is not
possible to use the microwave irradiation apparatus, there is a disadvantage that
the entire implementation process is interrupted. When using a tube made of a
dielectric material to microwave irradiation apparatus, the temperature and
pressure during the reaction was a situation that no choice but to solve the above
problems by providing the upper limit. Therefore, the high temperature and
pressure, vacuum, it is possible to perform the reactions under severe
conditions, such as vacuum, providing the microwave irradiation apparatus to
eliminate the maintenance problems has been desired.

Patent Documents 2 and microwave irradiation apparatus shown in Patent
Document 3, it has used the portion of the microwaves transmitted through the
dielectric material. If the portion of the microwave irradiation apparatus has failed,
since it had to be repaired by decomposing apparatus, repair was very difficult.
Furthermore, optimization since being manufactured, altering the permeability of
the microwave is not easy, for example, the user changes the amount of
transmitted microwave reaction conditions as those of the integral reactor and
the waveguide there may not be supported when it is desired to want to to.

When the user when wishes to increase the microwave treatment the amount, it
has only the option to purchase the entire new microwave irradiation apparatus, it
was not economical.

In view of the above problems, the microwave irradiation apparatus of the
present invention, high-temperature and high-pressure, reduced pressure, to
achieve a microwave treatment under severe conditions such as vacuum, short
maintenance, microwave transparent optimization, and an object thereof is to
provide expansion or the like of the microwave irradiation apparatus, a flexible
microwave irradiation apparatus capable of rapidly corresponding to the various
needs of users.

Furthermore, the present invention while preventing excessive decomposition of
the sugars in the environmental load is low condition, efficient and able to
produce a sugar component can obtain a polysaccharide capable of sufficient
saccharification even with a small amount of the enzyme, Method for producing a
sugar component from the plant material and, while preventing excessive
decomposition of the sugars in the environmental load is low condition, efficient
and able to produce a sugar component, it is possible to use water as a
dispersion medium, Also is possible to obtain a polysaccharide that can be
sufficient saccharification even with a small amount of the enzyme, a method is
provided for producing the sugar moiety from the plant material.

Microwave irradiation apparatus of the present invention is provided with
irradiation means including a microwave radiation source, a container to receive
the material to be irradiated. The container, micro Nami受 for transmitting to a
microwave emitted from the discharge means and irradiation means for
discharging from the vessel the supply means and the irradiation target material
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1 minute to 60 minutes, 
According to any one of claims 11 to 13, process for preparing
the sugar moieties from the plant material.

15. In the separation step, it is irradiated with microwaves so that
the plant material is 50 ℃ ~ 240 ℃, 
According to any one of claims 11 to 14, process for preparing
the sugar moieties from the plant material.

16. In the separation step, it is irradiated with microwaves in a state
where the plant material is dispersed in water, 
According to any one of claims 11-15, the method of producing a
sugar component from the plant material.

supplying an irradiated material into the container through the dielectric material
in the vessel It has the Namib. Between the container interior and the outside
atmosphere, layers composed of a non-dielectric material is at least one
disposed. Furthermore, the irradiation means and the container is detachably
connected.

Moreover, the microwave irradiation apparatus of the present invention is a
dielectric material and the plate-like member may be one to be laminated in the
opening direction of the microwave reception of the container.

Moreover, the microwave irradiation apparatus of the present invention may be
one that sandwich the dielectric material at least two or more plate-like members.

Moreover, the microwave irradiation apparatus of the present invention, the
dielectric material is quartz glass, fluorine resin, ceramics, alumina, can be
composed of one or more substances selected from the group consisting of
sapphire and diamond, and / or non-dielectric material can be stainless steel, aluminum, titanium, nickel, be composed of
one or more substances selected from the group consisting of gold and silver.

The coupling microwave irradiation apparatus of the present invention, there is provided those comprising a combination of
microwave irradiation apparatus of the present invention two or more, in the microwave irradiation apparatus one of said two
or more microwave irradiation apparatus a detachable structure to each other and the supply means are in other microwave
irradiation apparatus adjacent the discharge means and the microwave irradiation apparatus, each of the microwave
irradiation device when the discharge means and the supply means are connected container is intended to form a flow path
of the irradiated material integrally.

Furthermore, in the present invention, a method for producing sugar components from plant material, a plant material
containing at least lignocellulose, by microwave irradiation in the presence of a Lewis acid catalyst, and degradation
products of lignin, at least a solid By including a separation step of obtaining a mixture comprising a sugar component, a
containing shape polysaccharide, while suppressing the excessive decomposition of the sugars efficiently able to produce a
sugar component, also from the sugar components obtained here , it is possible to sufficiently saccharification even with a
small amount of the enzyme, it is possible to solve the above problems.

Furthermore, in another method of the present invention, in the separation step, using a micro wave having a wavelength of
a frequency 2000MHz ~ 6000MHz. Furthermore, in another way, it is irradiated with microwaves during the 1 minute to 60
minutes. Moreover, in another way, it is irradiated with microwave as the plant material is 80 ℃ ~ 240 ℃. With these
conditions, it can be more efficient sugar component is manufacturing.

Furthermore, in another method of the present invention, at least a Lewis acid catalyst in the separation step is aluminum
chloride, aluminum bromide, aluminum sulfate, iron chloride (III), zinc chloride, and is selected from the group consisting of
zinc bromide, and zinc sulfate It may be a kind.

Moreover, in the present invention, a method for producing sugar components from plant material, a plant material containing
at least lignocellulose, ion molybdate, by irradiating a microwave in the presence of ammonium ions and peroxide, lignin and
decomposition products by including a separation step of obtaining a mixture containing a sugar component comprising at
least a solid-like polysaccharides, effectively able to produce a sugar component while suppressing excessive degradation
of sugars, also small amounts obtaining a saccharide capable of sufficient saccharification in the enzyme, it is possible to
solve the above problem.

Furthermore, in another method of the present invention, in the separation step, using a micro wave having a wavelength of
a frequency 2000MHz ~ 6000MHz. Furthermore, in another way, it is irradiated with microwaves during the 1 minute to 60
minutes. Moreover, in another way, it is irradiated with microwave as the plant material is 50 ℃ ~ 240 ℃. With these
conditions, it can be more efficient sugar component is manufacturing.

Further, in the step of separating another method of the present invention is irradiated with microwaves in a state where the
plant material is dispersed in water. Thus, labor and cost required for the post-processing is reduced, environmental load is
also reduced.

Microwave irradiation apparatus of the present invention are at least one provided a layer composed of a non-dielectric
material between the container interior and the outside atmosphere in which the reaction takes place, it prevents the
microwaves from leaking to the outside atmosphere They are out. Moreover, the high temperature and pressure, vacuum,
because it can withstand the reaction of the severe conditions such as vacuum, it is possible to adapt to the wider
application than conventional microwave irradiation apparatus. Particularly, in the case of conveyance of the irradiated
material by applying a pressure, the reaction tube of the apparatus is a high pressure, microwave irradiation apparatus of the
present invention can also withstand high pressure. Also, maintenance of the microwave reception unit having a dielectric
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material, can be done easily and quickly by removing the irradiation means from the container.

Also, the microwave reception unit of the microwave irradiation apparatus of the present invention, by which a dielectric
material and the plate-like member is formed by stacking, it can be easily manufactured compared to the microwave wave
reception modules of the integrated I can. Further, by adjusting the permeability of the plate member, it is easy to change
the amount of transmitted microwave irradiation target material is subjected. Furthermore, by previously preparing a plate-
like member having a different nature, since it is possible to optimize as much as the reaction conditions to replace the plate
member, it is possible to flexibly respond to user requests. Replacement of the plate member, it is possible to carry out
easily and quickly by removing the irradiation means from the container.

Moreover, the microwave irradiation apparatus of the present invention, it is possible to use at least two or more plate-like
members, it is possible to precisely adjust the permeability of the microwaves. Further, by sandwiching the dielectric
material in the plate-shaped member, upon detachment of the irradiation means and the container, the risk of damaging the
dielectric material is reduced.

Moreover, a consolidated microwave irradiation apparatus of the present invention, it is possible to provide a device tailored
to different needs of the user. In particular, the only existing users using microwave irradiation apparatus of the present
invention when it is wants to increase the throughput of the microwave, purchase by adding the microwave irradiation
apparatus of the required number, for connecting it in good, since there is no need to get a new the entire apparatus, it is
very economical. Furthermore, since each other each device is detachably connected, even during the maintenance, if
connecting a new device instead remove the only apparatus to be maintenance, and can be used continuously for the entire
system I can.

In the present invention, a method for producing a sugar component from the plant material, since it is possible to separate
the sugar components at lower reaction temperatures than conventional, while suppressing the excessive degradation of
sugars, efficiently sugars, including solid polysaccharide It is possible to manufacture the components. In this way from the
fact that excessive decomposition of sugar is suppressed, to reduce the generation of furfural acids that inhibit fermentation.
Also, production of the sugar component of the present invention, because it proceeds even and small amounts of catalyst
at lower temperatures than conventional methods can reduce costs and environmental burden. In particular, in the present
invention, as compared with the conventional method, it is possible to carry out the production of sugar components from
plant material derived from a coniferous efficiently.

Moreover, degradation products of lignin which is obtained during the process of producing sugar components according to
the invention can be utilized for the production of useful chemicals such as aromatic compounds. Degradation products of
lignin obtained by the present invention in an amount, more than the conventional method of the type for both, and are
suitable for the production of chemicals.

Furthermore, the sugar components produced by the present invention, in addition to the solid polysaccharide, may
monosaccharide or low molecular sugars oligosaccharides like. Saccharides such low molecular may also be utilized for the
production of useful chemicals. As described above, the present invention, it is possible to produce a wide variety of
chemical substances from the plant material, the present invention is to contribute to the realization of a bio-refinery.

Moreover, among the sugar component separated by the present invention, from the solid polysaccharide, by performing the
saccharification process can be obtained a saccharide of low molecular. In particular, enzyme saccharification process
using a cellulase, compared with the conventional method, it is possible to sufficiently saccharification with a small amount
of enzyme. Therefore, it leads to a significant reduction in manufacturing costs, even more widespread use of chemical
substances from the biomass can be expected.

It is a schematic cross-sectional view of the microwave irradiation apparatus of the present invention. It is a schematic view
of the connection microwave irradiation apparatus and its peripheral devices of the present invention. It is a partial cross-
sectional view of a connection type microwave irradiation apparatus shown in FIG. Of the microwave irradiation apparatus
constituting the coupling microwave irradiation apparatus shown in Figure 2 is a partial cross-sectional view of a microwave
irradiation apparatus provided in the center. It is a schematic view of a conventional microwave irradiation apparatus. Is a
diagram showing the temperature change of the irradiated material of Example 1. It is a diagram showing the sugar yield per
plant material by weight of Example 8 and Comparative Example 2 in the present invention. Example 9 and Comparative
Example 3 in the present invention, is a diagram showing the results of gas chromatography mass spectrometry (GCMS). It
is a diagram showing the sugar yield when the enzymatic saccharification was carried out in solid polysaccharide obtained
in Example 1 of the present invention.

It will now be described embodiments for implementing the present invention. Hereinafter, reference numbers shown in the
drawings, the same numerals indicate the same thing. Figure 1 is a schematic cross-sectional view of the microwave
irradiation device 10 of the present invention. Microwave irradiation means is generally made from microwave radiation
source 11 and the waveguide 12, the waveguide 12 is connected by means of detachable container 14. Further, the
container 14 has a microwave reception unit 16 to the paper upward Figure 1, the microwave reception unit 16 is shielded by
the dielectric material 18. Furthermore, the dielectric material 18 is sandwiched between two plate-like members 20. Then,
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the container 14 includes a discharge port 24 as a discharge means the supply port 22 as supply means.

Here, it refers to what is the short portion of the wavelength of the electromagnetic wave and microwave refers to what is
the frequency 300MHz ~ 30GHz more specifically. However, not the microwave is limited to the frequency band, it may be
of other frequencies.

It refers to one which generates microwaves to a microwave radiation source 11, and specifically can be used klystrons or
magnetrons, IMPATT diode, a Gunn diode, and the like. Microwave radiation source 11, which is sometimes connected to
the microwave reception unit 16 of the container 14 through the waveguide 12 as shown in Figure 1, direct vessel 14 without
the intervention of the waveguide 12 It is also possible to connect to the microwave wave receiving section 16.

The waveguide 12 is a tube for causing the internal passage of the microwave generated by the microwave radiation source.
The waveguide 12, so as not to leak microwaves to the outside, it is desirable that consists of a non-dielectric material
which microwaves are hardly transmitted. As the material constituting the waveguide 12, it is possible to use stainless
steel, aluminum, titanium, nickel, gold, silver, or the like.

Microwave irradiation means for microwave radiation source 11 and the waveguide 12 and the main structure is removably
connected to the container 14. As a connection method, it is possible to use a pressure clamp, or the like.

Container 14 has a microwave wave receiving unit 16 in a microwave direction (Figure 1 the paper upward). 
Microwave reception unit is intended to be transmitted into the container 14 the microwaves through the dielectric material
18. Specifically, the microwave reception unit 16 include those to shield the opening provided in the microwave direction of
the container 14 with a dielectric material 18.

It refers to material having a transmissive property of easily microwaves and dielectric material 18, specifically, it is possible
to use quartz glass, fluorine resin, ceramics, alumina, sapphire, diamond or the like. Therefore, the microwave that has
passed through the waveguide 12, because it can be transmitted through the dielectric material 18, enters the microwave
reception unit 16 into the container 14. The material and shape of the dielectric material 18, a user can select freely
depending on the purpose of using microwave irradiation apparatus. Since the waveguide 12 and the container 14 are
detachably connected, it is easy to exchange the optimum dielectric material 18.

The dielectric material 18 is sandwiched by the plate-like member 20. Plate member 20 may be configured to be composed
of a dielectric material in a non-dielectric material. The dielectric material may be used quartz glass, fluorine resin, ceramics,
alumina, sapphire, diamond or the like. Here, the plate-like member 20 made of a non-dielectric material, holes, etc., is
required to have a structure in which microwaves can pass. The material constituting the plate member 20, it is necessary
to protect the dielectric material 18 is preferably excellent in strength than the dielectric material 18. Plate member 20 may
be laminated on one surface of the dielectric material 18 may be one that sandwich the dielectric material 18. However,
since the dielectric material 18 is protected by sandwiching the dielectric material 18, there is a case where production and
maintenance of the microwave irradiation apparatus is facilitated. The material and shape of the plate-like member 20, a user
can be selected freely depending on the purpose of using microwave irradiation apparatus. Since the waveguide 12 and the
container 14 are detachably connected, it is easy to replace the plate member 20 to the optimum.

Container 14, the inside has a layer composed of the at least one provided by a non-dielectric material between the outside
atmosphere and has a structure for preventing leakage of microwaves. Here, the non-dielectric material refers to a material
having a not easily transmitted microwaves, and specifically can be used stainless steel, aluminum, titanium, nickel, gold,
silver, or the like. Layer composed of a non-dielectric material need only be at least one disposed, a multi-layer outer shell of
the container 14 having an inner side, or another layer on the outside atmosphere side of the layer composed of a non-
dielectric material It may have a structure. Moreover, the outer shell surface of the container 14 constituted by a dielectric
material, it may be one arranged by coating the layer composed of a non-dielectric material.

Microwaves penetrate into the container 14 passes through the dielectric material 18 of the microwave reception unit 16,
when contacted with the irradiated material, it is absorbed in the irradiated material. Also, the microwave that was not in
contact with the irradiated material, is reflected by the inner wall of the container 14, travels the inside of the container 14.
Since the layer container 14 is made of a non-dielectric material as described above is disposed, the microwave is rarely
leaked to the outside of the container 14, the energy loss is small.

Container 14 includes a discharge port 24 as a supply port 22, and discharge means as a supply means. The irradiated
material, is supplied from the supply port 22 into the container 14 by pressure and the like of the pump after it is irradiated
with microwaves, is discharged from the discharge port 24 into the container 14 outside. Also, the number of supply ports 22
and the discharge port 24 is not limited, and can comprise only the number corresponding to the intended use. For example,
in the case of using a mixture of two or more kinds of the irradiated material, can be controlled by the supply amount of the
mixing ratio of to keep the irradiation target material comprises a type the same number of supply ports 22 of the irradiation
target materials It is. Also, the discharge port 24 is also in accordance with the process after the microwave irradiation may
comprise a plurality.
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Coupling microwave irradiation apparatus of the present invention are those linked by removable means for the microwave
irradiation apparatus. It is possible to use a pressure clamp such as a detachable connecting means. The number of
microwave irradiation apparatus for coupling can be freely set in accordance with the microwave treatment the amount
desired by the user.

In linked microwave irradiation apparatus, the case of irradiating the microwaves from the plurality of microwave radiation
source 11, so as not not cancel microwave each other, dielectric material for shielding the microwave radiation source 11
and a microwave reception unit It is preferred to optimize the 18 like.

Microwave irradiation apparatus and linked microwave irradiation apparatus of the present invention is, for example,
promotion and high yield of organic chemical reaction, pretreatment of biomass raw materials such as grain residue and
waste wood, sterilization of food and medicines, of substance extraction, drying, etc., can be used in a variety of
applications.

Then, the microwave irradiation apparatus and the coupling microwave irradiation apparatus of the present invention, with
reference to FIGS. 2, 3 and 4 an example is described in more detail. Figure 2 shows a 100 and its peripheral devices linked
microwave irradiation apparatus of the present invention. The linked microwave irradiation apparatus 100 is three microwave
irradiation apparatus of the present invention, namely 10a, is composed by connecting the 10b and 10c. 3 is a partial
sectional view (direction perpendicular to the paper surface as viewed) in the linked microwave irradiation apparatus 100. 4
is a partial sectional view of a microwave irradiation apparatus 10b provided at the center of the connecting microwave
irradiation apparatus 100 (direction perpendicular to the paper surface as viewed).

First, referring to Figure 2, a description will be given of a structure of a portion corresponding to the microwave irradiation
means. Microwave radiation source 11 is connected to one end 12a of the waveguide 12. The other end 12b of the
waveguide 12 is connected to the container 14b. Further, the waveguide 12 is equipped power monitor 118, i is the
measurement of electric power of microwaves entering the waveguide 12.

Now, with reference to Figure 4, a description will be given of a connecting portion between the waveguide 12 and the
container 14b. The waveguide 12 has an edge 302 on the container-side end 12b. Edge 302 has a shape that protrudes in
the radial direction, and are formed integrally as a part of the waveguide 12. Meanwhile, the container 14b also has an upper
edge 306 to the microwave wave receiving section 16. Edge 306 is a shape protruding in the radial direction. Here, the
waveguide 12 side edge 302 has a joint portion 303, whereas container 14b side edges 306 also has a joint portion 307 at
both edges to each other joint portion is engageable formed . Moreover, the joint portion 307 of the container 14b side of the
edge 306 a groove 309 is provided, the annular elastic member 308 such as O-ring is inserted into the groove 309. In this
way, it closes the slight gap that occurs when combining the edge 302, 306 to each other, the microwave is prevented that
the leakage to the outside of the apparatus. Further, when combining an edge 302, 306 each other, fitting the pressure clamp
310 outwardly protruding portion 311 of the edge further from the outside. As a result, the edge 302, 306 abuts the vertical
direction, so that the the waveguide 12 and the vessel 14b is fixed. Also, it can be said that since the pressure clamp 310
which can be easily removed, the connection between the waveguide 12 and the vessel 14b is detachable.

Microwave reception unit 16 of the vessel 14b is shielded by the glass 18 is a dielectric material. Vessel 14b has a glass
housing 313, the glass 18 is housed in a glass housing 313. In addition, the glass 18, the plate-like member is a
polytetrafluoroethylene gasket 20a, is sandwiched by 20b. Since the microwave wave receiving portion 16 has a projecting
portion 315, the diameter of the microwave reception unit 16, glass 18 and gasket 20a, it is smaller than the diameter of 20b.
Therefore, the protruding portion 315 carrying glass 18 and the gasket 20a, the 20b. As a result, the glass 18 and the gasket
20a, 20b is I'm prevented from falling into the container 14b.

Also, the gasket 20a in the upper glass 18 spacers 316 are in contact. The pressure to secure the waveguide 12 and the
vessel 14b is an upper gasket 20a through the spacer 316, the glass 18 is transmitted to the lower gasket 20b. On the other
hand, since the lower gasket 20b is in contact with the protruding portion 315, reaction force against the pressure, the lower
gasket 20b, the glass 18 is transferred to the upper gasket 20a. Therefore, the glass 18 and the gasket 20a, 20b and is
secured to the vertical direction without using any special adhesive means. Further, the microwave process pressure or
vacuum, even if it is carried out under severe conditions of a vacuum or the like, and can withstand the pressure from the
vessel 14b side or waveguide 12 side. Furthermore, gaskets 20a, 20b because it is excellent in strength than the glass 18,
the glass 18 is protected by the gasket 20a, 20b.

Moreover, the inner wall of the glass housing 313, a groove 317 is provided in the peripheral direction. The groove 317 is
inserted an annular elastic member 318, thereby preventing the leakage of microwaves.

Container 14b is provided with a supply port 22b and the discharge port 24b one by one, respectively. Supply port 22b has
an edge 321. Edge 321 is a shape protruding in the radial direction. Meanwhile, has a discharge opening 24a is also the edge
325 of the left side of the microwave irradiation device 10a on the paper of FIG. Edge 325 is also a shape that protrudes in
the radial direction. Here, the supply port 22b side edge 321 has a joint 320, while the outlet 24a side edge 325 has a joint
323, both edges are engageable formed at the junction between . Further, a groove 327 is provided at the junction 323 of the
edge 325 of outlet 24a, annular elastic member 326 such as O-ring is inserted into the groove 327. In this way, it closes the
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slight gap that occurs when combining the edge 321 and 325 to each other, the microwave and the irradiated material is
prevented that the leaking container 14a, and 14b outside. Further, when combining an edge 321 and 325 to each other is
further fitted from the outside of the pressure clamp 328 outwardly protruding portion 329 of the edge. As a result, the edge
321, 325 abuts the lateral direction, so that the container 14a and 14b and the container is fixed. Also, it can be said that
since the pressure clamp 328 which can be easily removed, the connection between the container 14a and the container 14b
is detachable.

Outlet 24b is in the sheet of FIG. 4 are connected with the supply port 22c of the right of the microwave irradiation apparatus
10c. In other words, the outlet 24b is equivalent to the discharge port 24a of the microwave irradiation apparatus 10a, supply
port 22c is equivalent to the supply port 22b of the microwave irradiation apparatus 10b. Therefore, the discharge port 24b
and the supply port 22c is detachably connected in the same manner as the connecting method between the discharge port
24a and the supply port 22b.

Here, again referring to Figure 2, it will be described in detail the structure for supplying the irradiated material. The irradiated
material is introduced into the raw material tank 102. In addition, the irradiated material is sent after being uniformly mixed by
raw material agitator 104 in raw material tank 102 to the supply pump 106. Further, the supply pump 106 is pressurized to
push an irradiated material. The irradiated material fed to the feed pump 106 through the supply tube 108 and reaches the
inside of the reaction tube 202.

Now, with reference to Figure 3, it will be described in detail the step of irradiating a microwave to be irradiated material.
Reaction tube 202, the container 14a of the reaction front chamber 204 and three microwave irradiation apparatus, is
configured 14b, 14c, and the reaction rear chamber 205. The irradiated material which has passed through the feed tube 108,
arrives at the pre-reaction chamber 204. Also, the reaction stir bar 210 is arranged in the axial direction of the inner reaction
tube 202. Plurality of vanes are arranged in the axial direction in the reaction stir bar 210. These blades are those that exert
a screw effect when rotating the reaction stir bar 210. Therefore, by rotating the reaction stirring rod 210 by a motor stirrer of
the reaction vessel 110, while the irradiated materials are uniformly mixed, conveyed on the sheet of FIG. 3 from left to right.
Three microwave irradiation devices 10a, 10b, the microwave is radiated from the microwave radiation means 10c.
Containers 14a, 14b, and thermometer equipped to 14c, the temperature inside the reaction tube 202 are sequentially
managed. The irradiated material subjected to microwave irradiation is sent into the reaction chamber after 205.

Here, again referring to Figure 2, it will be described in detail step the irradiated material is discharged from the connected
microwave irradiation apparatus 100. The irradiated material fed to the reaction after chamber 205 is discharged from the
control valve 204 to the outside of the apparatus. The control valve 204, pressure regulator 214 is connected, it wants to
adjust the air pressure in the reaction tube 202.

Furthermore, referring to FIG. 2, it will be outlined the control of the entire linked microwave irradiation apparatus 100.
Control of linked microwave irradiation apparatus, system control panel 120 and the microwave control panel 122 is
responsible. The system control panel 120, the raw material agitator 104, a supply pump 106, a reaction stirrer 110, and
controls the pressure regulator 214. The temperature of the reaction tube is measured by the thermometer, the result is
transmitted to the system control panel 120. The micro-wave control panel 122 controls the microwave radiation source 11.
Measurement result of the power monitor 118, it is transmitted to the microwave control panel 122. The system control panel
120 and the microwave control panel 122 to exchange information with each other, coupling microwave irradiation apparatus
is controlled so as to operate properly.

Above, the microwave irradiation apparatus of the present invention, and has been described the embodiment for coupling
microwave radiation device, wherein the illustrated embodiment is merely an example of the present invention, the spirit and
scope of the appended claims and It will be readily understood by those skilled in the art that other embodiments exist
without departing from the teachings. For example, coupling microwave irradiation apparatus may be constructed from a
microwave irradiation apparatus for three or more, and that the microwave radiation source and the container are directly
connected without using a waveguide for the microwave irradiation apparatus It may be.

Then, the plant material containing at least lignocellulose, by microwave irradiation in the presence of a Lewis acid catalyst
to give a degradation product of lignin, a mixture containing a sugar component comprising at least solid polysaccharide
separation step including, a method of producing sugar components from plant material, and a plant material containing at
least lignocellulose, ion molybdate, by microwave irradiation in the presence of ammonium ions and peroxide, lignin and
degradation products, including the separation step, to obtain a mixture comprising a sugar component, a containing at least
solid polysaccharide, a description will be given of a method of manufacturing the sugar moieties from the plant material.

First, we will describe the background art.

In recent years, depletion of deterioration and fossil resources of global environmental problems have emerged, there has
been attention to biomass as a new resource for a sustainable recycling-oriented society. In particular, the realization of a
concept that tries to obtain the chemicals and energy from renewable biomass "bio-refinery" there is an urgent need.

Currently, grains are used as a biomass resource, the cost and food costs rise problems such as, but not reached the large
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spread. Thus, wood and rice straw, etc., has been advanced research and development for utilizing lignocellulose containing
plant material. The lignocellulose cellulose, is a vegetable organic matter composed of polysaccharides and lignin of
hemicellulose and the like. In order to utilize polysaccharides such as cellulose and hemicellulose as a resource, it is
effective to be equal to destroy the coating on the polysaccharide by lignin separate the sugars and lignin. Especially, in
order to convert the lignocellulosic by enzymatic saccharification and fermentation processes such as the useful substances
such as ethanol, pretreatment to destroy the coating on the polysaccharide by lignin is essential.

For the preparation of the sugar component due to the separation of sugars and lignin in the lignocellulose, various methods
have been developed. For example, a method of depolymerizing lignin in an aqueous solution containing copper and peroxide
(Patent Document 1), a method of depolymerizing lignin in an aqueous solution containing molybdate or peroxide (Patent
Document 2), traces of tungsten method for decomposing the lignin of woody biomass by hydrogen peroxide water
containing acid or molybdate catalyst (Patent Document 3), facilitate the removal and glycation reaction by lignin tungsten
acid soda or molybdic acid soda that is included in the waste paper, etc. method in which (Patent Document 4), the
combination of an organic solvent and a Lewis acid, a method for accelerating the delignification (Non-Patent Document 1),
and the like.

Also, instead of the external heating, a method of producing a sugar component using an internal heating using microwave
radiation have been developed. Method of performing a pretreatment by microwave irradiation in aqueous acetic acid (Non-
patent Document 2), the separation of lignin by performing the microwave irradiation in the presence of an oxidizing agent, a
method of performing a decomposition (Patent Document 5), By irradiating a microwave in the mixture of lignocellulosic
material and cooking liquor, the method (Patent Document 6) to improve the delignification rate during cooking, a method
that combines the microwave treatment and the alkali treatment (Non-Patent Document 3) etc. is disclosed.

Prior art literature 
Patent Document 1: Kohyo 2001-515136 JP Patent Document 2: Japanese Patent Publication No. 2001-316994 Patent
Document 3: Japanese Patent Publication No. 2006-149343 Patent Document 4: Japanese Patent Publication No. 2006-
88136 Patent Document 5: JP Akira 60-88191 JP Patent Document 6: JP 2004-285531 JP

Non-Patent Document 1: Masakazu Aoyama, Naoto Saito, Kazuto Seki, Yoshida and Noriyuki, "delignification of wood by
the water-containing organic solvent", forest 試場 Report, Vol. 5, No. 2, 1991 Non-Patent Document 2: Magara Kengo, Ueki
Susumu, AzumaJun'ichi, Koshi-to Tetsuo, "lignocellulose of microwave irradiation (IX)", Journal of wood Society, Vol. 34,
No. 5, 1988 Non-Patent Document 3: Zhu, S. et al. , "Pretreatment by microwave / alkali of rice straw and its enzymic
hydrolysis", Process Biochemistry, 40 (2005)

Then, we will describe an overview of the invention. First, it explained about the challenges that the Invention is to Solve.

However, when preparing the sugar components by conventional methods using microwave radiation and external heating,
to a temperature region in which the separation of the sugars and lignin occurs, and the sugars excessive decomposition
occurs temperature range are close, there is a problem that a large amount of over-decomposition products are produced in
accordance with the pre-treatment. In addition, when the saccharide is excessively decomposed, but furfural such as 5-
hydroxymethyl furfural and furfural from sugars are produced, these compounds furfural was a problem of inhibiting the
ethanol fermentation of sugars. Therefore, in the method using external heating, it was not suitable for bio-refinery.

In addition, the lignin of conifers is persistent, the conventional method utilizing irradiation of microwaves, it is impossible to
sufficiently decompose the lignin of conifers, the amount of the resulting sugar component has been a problem that a small (
Non-Patent Document 4). Meanwhile, for the herbaceous and hardwood, since the conventional method of over 200 ℃
processing temperature, the amount of energy consumption and saccharide excessive degradation products were problem
that is large (Non-Patent Document 4 ).

Non-Patent Document 4 
Magara Kengo, Koshi-to Tetsuo, "low enzyme sensitivity of the microwave pre-treated softwood", wood Journal, the first
Vol. 36, No. 2, 1990

As described above, while preventing excessive decomposition of the sugars, the advent of a method for producing
efficiently sugar moieties from the plant material has been demanded.

Furthermore, bio-ethanol, useful material obtained from biomass is high production costs, in order to popularize this, it was
necessary to reduce costs. To obtain ethanol from biomass, to polysaccharides included in the manufactured sugar
component, it is necessary to perform the saccharification process with an enzyme or the like. However, in the conventional
method, it was not possible to ensure the production of sugar and unless a large amount of the enzyme. Therefore, if there
is a method that can suppress the amount of enzyme used for saccharification process, it is possible to significant cost
savings.

Moreover, in lignin degradation process, if the organic substances such as propanol or butanol is used for the dispersion
medium, it takes a great deal of labor for post-processing. Also, when performing the enzymatic saccharification process
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after the lignin decomposition process, it is necessary to remove organic matter. Therefore, a method using water as a
dispersion medium has been desired.

Furthermore, to reduce environmental impact, low temperature and, it has been required reaction system under conditions
that do not use toxic substances such as sulfuric acid or phenol.

That is, an object of the present invention, while preventing excessive decomposition of the sugars in the environmental load
is low condition, efficient and able to produce a sugar component, to obtain a polysaccharide that can be sufficient
saccharification even with a small amount of an enzyme It can be, and is to provide a method for producing a sugar
component from the plant material.

A further object of the present invention, while preventing excessive decomposition of the sugars in the environmental load
is low condition, efficient and able to produce a sugar component, it is possible to use water as a dispersion medium, and a
small amount of an enzyme But is possible to obtain a polysaccharide that can be sufficient saccharification, it is to provide
a method for producing a sugar component from the plant material.

The following describes modes for carrying out the invention.

The present invention relates to a plant material containing at least lignocellulose, by microwave irradiation in the presence
of a Lewis acid catalyst, and degradation products of lignin, a mixture containing a sugar component comprising at least
solid polysaccharide obtaining comprises a separation step, a method for producing sugar components from plant material.
Furthermore, the present invention is a plant material containing at least lignocellulose, ion molybdate, by microwave
irradiation in the presence of ammonium ions and peroxide, and degradation products of lignin, the least solid polysaccharide
including a separation step of obtaining a mixture comprising a sugar component, a containing relates to a method for
producing a sugar component from the plant material. In other words, of the present invention, a method for producing a
sugar component from the plant material, the low molecular weight of lignin in the lignocellulose, cleavage of the bond
between the lignin and polysaccharide, change of polysaccharide crystal structure, to the real cellulose of leaching, such as
and it is characterized in that to produce the sugar moieties from the plant material by.

In the separation process of the present invention, the low molecular weight of lignin in the lignocellulose, the cleavage of
the bond between the lignin and polysaccharide, change of polysaccharide crystal structure, to the real cellulose of leaching,
and a sugar component and lignin are separated by such that. Therefore, the mixture obtained by this process,
monosaccharides or a carbohydrate component comprising a solid polysaccharide such as cellulose, are included and
degradation products of lignin in the solution. Therefore, the present invention, a method for producing sugar components
from plant material, but may be the solid polysaccharide that may be utilized optionally further include an extracting step
from the mixture as a biomass.

Hereinafter, the present invention, one preferred embodiment of a method for producing sugar components from plant
material, it will be described the embodiments including the separation step and the extraction step as described above, the
invention is limited to only these It is not intended to be.

(1) the separation step the invention, in a method for producing sugar components from plant material, firstly, the plant
material containing at least lignocellulose, by microwave irradiation in the presence of a Lewis acid catalyst to the
degradation of lignin and the product, you get a mixture containing, and sugar component comprising at least solid
polysaccharide.

Furthermore, the present invention, in the method for producing a sugar component from plant material, firstly, the plant
material containing at least lignocellulose, ion molybdate, and by irradiating the microwaves in the presence of ammonium
ions and peroxide , and decomposition products of lignin, you get a mixture containing, and sugar component comprising at
least solid polysaccharide.

The mixture obtained in this step may include a decomposition product of lignin, a saccharide component comprising at least
a solid-like polysaccharides, and. Degradation products of lignin, aromatic compounds such as phenols. In addition, the
sugar component comprising at least solid polysaccharides, cellulose, in addition to the solid polysaccharide hemicellulose
etc., there are cases where a saccharide of low molecules such as monosaccharides and oligosaccharides involved.

Solid polysaccharides contained in the sugar moiety is converted to sugars of low molecular by performing a saccharification
process. By further processing of the fermentation like, it is possible to produce ethanol, methane, succinic acid, itaconic
acid, a useful chemical substances such as lactic acid. Also, saccharides and small molecules contained in the sugar
component, from degradation products of lignin, it is also possible to produce useful chemicals.

Microwave irradiation in this step is a means to influence the oscillating electromagnetic field to the charged particle and the
electric dipoles in the material constituting the plant material can be from an internal rotating or is vibrated by self-heating
heating. Unlike heating by the external heat source, the influence of thermal conduction and convection hardly can be
ignored, it is possible to heat the plant material quickly and uniformly.
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In this step, the microwave refers to what is the short portion of the wavelength of the electromagnetic radiation, including
submillimeter following 1mm in contact with the following radio waves or far-red external wavelength of about 1m. The
frequency of the microwave in the present invention, well if, for example, frequency 300MHz ~ 30GHz, preferably frequency
2000MHz ~ 6000MHz. In addition, the microwave and the frequency 2450MHz, microwave frequency of 5800MHz is often
used. However, the microwave to be used in this step is not limited to these frequency bands may be of other frequencies.
As described above, it is irradiated with microwaves in the material, the irradiated material to vibrate in response to
microwave, frictional heat material itself generates heat by generated by the vibration. If the above-mentioned range it is
possible to obtain the effect of the present invention, since there is a case where the wavelength and frequency of the
optimum microwave by the size or the like of the irradiated material will vary, origin of the plant material, structure and kind
as well as pre-treatment It may be optimized to the wavelength and frequency of the microwaves in accordance with the
method.

Plant material is a raw material used in this step it includes at least lignocellulose refers addition lignin, cellulose, plant-
derived material which may contain hemicellulose or the like. The plant material, like for example those derived from things
and herb derived from wood. Examples of the plant material derived from wood, cedar, pine, cypress, Podocarpus
macrophyllus, Inugaya, Sequoia, dolabrata, gymnosperms, including conifers and ginkgo, such as yew, beech, zelkova,
camellia, oak, cherry, camphor tree, Castanopsis, maple, chestnut , Eucalyptus, it is possible to use those obtained from
such angiosperms containing hardwood acacia and the like. In addition, Riguin that is included in the plant material derived
from softwood is composed of mainly ing Aishiru lignin, on the other hand, lignin contained in the plant material derived from
broad-leaved trees is mainly composed of a grayed Aishiru lignin and syringyl lignin. Examples of the plant material derived
from the herb, and bagasse is a sugarcane residue, rice straw, wheat straw, like those of herbaceous origin such as rice
husk.

Plant material is a raw material used in this step may be powdery or chip shape using a known method, 
Flakes, fibers, or may be obtained by processing the square timber or the like. Among these, from the viewpoint of
efficiency of reaction, powder, chips, flakes, or preferably one obtained by processing the plant material to the fibers.

When processed plant material in particulate form, the particle size of the plant material is not limited, preferably, it is
possible to use those of 0.1μm ~ 5mm. Moreover, when processed plant material into chips, without the size and thickness
of the plant material is limited, preferably, the size of 5mm ~ 50mm, the thickness can be used those 0.1mm ~ 5mm.

In addition, since the efficiency of production of the sugar component, by pre-treatment such as removal of lipophilic low-
molecular by refluxing a mixture of alcohol and benzene and removal of water-soluble low molecular by heating in a mixture
of water Adjust may be one that was carried out. Pretreatment of these, as long as it can secure a high yield in the
saccharification process, it is preferable to omit. After pretreatment, may be used in the present step after drying the plant
material may be used in the present process remain without drying.

The Lewis acid catalyst used in this step, a catalyst having an activity of accepting an electron pair from the other to react,
usually acidic catalyst (hydrochloric acid, inorganic acid or acetic such as sulfuric acid, organic acids such as phosphoric
acid) Say what except. The Lewis acid catalyst, a metal salt, and a metal halide, a metal oxide, it can be used and
carboxylic acid salts. Specifically, aluminum fluoride, aluminum chloride, aluminum bromide, aluminum iodide, a compound
of aluminum such as aluminum sulfate, copper fluoride (I), copper fluoride (II), copper chloride (I), copper chloride (II), copper
bromide (I), copper bromide (II), copper iodide (I), copper iodide (II), copper sulfate (I), compounds of copper such as copper
sulfate (II), fluoride iron (II), iron fluoride (III), iron chloride (II), iron chloride (III), ferric bromide (II), ferric bromide (III), iron
iodide (II), iron iodide ( III), iron sulfate (II), a compound of iron such as iron sulfate (III), zinc fluoride, zinc chloride, zinc
bromide, zinc iodide, zinc compounds such as zinc sulfate, silver fluoride, silver chloride, bromide, a compound of silver
such as silver iodide, boron fluoride, a compound of boron, boron chloride, etc., a compound of titanium such as titanium
chloride (IV), a compound of nickel of nickel chloride, trifluoromethanesulfonate, scandium, etc. Compounds of scandium, a
compound of palladium, but include compounds of vanadium, but is not limited thereto.

Among them, also the waste treatment easy environmental load is low, and the reason that the cost is low according to
availability, aluminum chloride, aluminum bromide, aluminum sulfate, iron chloride (III), zinc chloride, zinc bromide and zinc
sulfate The use at least one kind selected from the group consisting of is preferably.

The dispersion medium that can be used in this step, it is possible to use, for example, water and organic matter. The
organic, specifically, glycerin, ethylene glycol, propylene glycol, methanol, ethanol, propanol, butanol, octanol, butanediol,
trimethylol propane, methyl ethyl ketone, acetyl acetone, dimethyl sulfoxide, nitrobenzene and the like. Water or organic
substances may be used alone or may be used as a mixture of water and organic matter. When using a mixture of water
and organic matter, in water of 1 part by volume, it is preferable to mix 0.1 parts by volume to 10 parts by volume of organic
matter. Moreover, the dispersion medium may include an acid or alkali or the like.

Among these, from the viewpoint of not adversely impact on the environment, it is preferable to use a mixture of propanol
and water. Further, from the viewpoint of reducing environmental load, it is preferable to use those which convert the energy
of the microwave, the heat at high efficiency. Efficiency of converting the energy of the microwaves into heat is represented
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by the numerical value of the loss angle is a value obtained by dividing the dielectric loss in the dielectric constant (tangent
delta). The organics loss angle is large, ethylene glycol, ethanol, dimethyl sulfoxide, propanol, methanol, butanol and the
like, by using them in admixture with singly or water, it can be heated with less energy.

When irradiating microwaves into plant material in the presence of a Lewis acid catalyst, for example, powdered, by
irradiating a microwave to the dispersion liquid plant material dispersed in the dispersion medium of the chip-like, above It is
possible to irradiate microwaves to the plant material. However, some of the plant material is also dissolved in the
dispersion medium. Lewis acid catalyst may be dissolved in advance in a dispersing medium prior to dispersing the plant
material may be dissolved by adding a dispersion medium after dispersing the plant material.

The weight ratio between the amount to the amount of the dispersion medium of the plant material in the dispersion medium
are not limited, preferably the plant material in a weight ratio: dispersion medium of 1: 1 to 1: 100, more preferably at a
weight ratio of Plant material: dispersion medium of 1: 5 to 1: 20. The less the amount of the dispersion medium is slow
heating rates, whereas small amounts of amount is greater if the processing capable plant material solvent, because the
manufacturing cost is high.

In this step, the optimum amount of the Lewis acid catalyst varies depending on the kind of plant material. For example, if
the plant material derived from beech, preferably 1μmol ~ 1000μmol to plant material 1g is more preferably 60μmol ~
720μmol to plant material 1g, 180μmol ~ 360μmol more preferably to plant material 1g. If too small an amount of a Lewis
acid catalyst to the plant material, it is impossible to obtain the effect of the separation of sugars and lignin sufficiently,
whereas, the process of solvent after the reaction is too multi amount of a Lewis acid catalyst to the plant material This is
because it is difficult.

When microwave irradiation in the plant material of the dispersion by the present process, as the microwave is uniformly
irradiated to a plant material which is dispersed in a dispersion medium, the dispersion is agitated by stirrer, etc. It is
preferable that you are.

The reaction time is not limited when performing the irradiation of microwaves by the process is preferably from 1 minute to
60 minutes. Still more preferably 10 minutes to 30 minutes. Reaction can not be sufficiently separate the sugars and lignin in
a short time, while in prolonged reaction, costly, also, it is because there is a possibility that decomposition also useful
chemicals .

The reaction temperature for the separation of sugars and lignin by this step is not limited, it is preferable to heat the plant
material in 80 ℃ ~ 240 ℃. Also, more preferably heating the plant material to 150 ℃ ~ 180 ℃. When the reaction
temperature is low, it is not possible to sufficiently separate the sugars and lignin, whereas at the reaction temperature is
high, it is because it is decomposed also useful chemicals. According to the present invention, at a temperature at which the
saccharide is not excessively decomposed, it is possible to effectively separate the sugars and lignin. Also, in the reaction
according to the invention, it is preferred to reach in a short period of time to a predetermined reaction temperature by rapid
heating. If the heating is rapid, it is because the by-products generated by the low reaction temperatures is reduced.

Molybdate ions to be used in this step may be any ion composed of a molybdenum atom and an oxygen atom, specifically,

MoO 4 2- in the formula, Mo 2 O 4 2-, Mo 6 O 19 2 - include those represented as Mo 7 O 24 6-. Furthermore, the ammonium ions

used in this step is represented by a chemical formula in the NH 4 +.

In this step, the molybdic acid ion, it wants to microwave irradiation in the presence of the ammonium ion and peroxide. The
above two ion, a molybdate salt and ammonium salt, may be obtained by dissolving in the dispersion medium described
later. Above all, the case of dissolved ammonium molybdate is preferred because it can obtain both ions of the time. These
salts may be dissolved in advance in a dispersing medium prior to dispersing the plant material may be dissolved by adding
a dispersion medium after dispersing the plant material.

In this step, the peroxide can be used an organic substance or the like having a metal salt, peroxide radicals of hydrogen
peroxide or hydrogen peroxide. The metal salt of hydrogen peroxide, lithium peroxide, potassium peroxide, sodium peroxide,
magnesium peroxide, calcium peroxide, barium peroxide and the like. Among the peroxides, in view of suppressing the cost,
it is preferable to use hydrogen peroxide. These peroxides may be dissolved or mixed in advance dispersing medium prior to
dispersing the plant material may be by adding to the dispersion medium dissolved or mixed after dispersing the plant
material. Also, by using a known method such as the anthraquinone process, it may be generated peroxide in the dispersion
medium.

The dispersion medium that can be used in this step, it can be used, for example water, organic matter, or mixtures thereof.
The organic, specifically, glycerin, ethylene glycol, propylene glycol, methanol, ethanol, propanol, butanol, octanol,
butanediol, trimethylol propane, methyl ethyl ketone, acetyl acetone, dimethyl sulfoxide, nitrobenzene and the like. Among
these, from the viewpoint of reducing the labor and cost of post-processing, it is preferable to use water as a dispersion
medium. Moreover, the dispersion medium may include an acid or alkali or the like.

When irradiating molybdate ion, a microwave in the plant material in the presence of ammonium ions and peroxides, for
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example, powdered, microwave plant material chips, etc. to the dispersion dispersed in the dispersion medium By
irradiating, it is possible to irradiate microwaves to the plant material. However, some of the plant material is also dissolved
in the dispersion medium.

In this step, the optimal concentration of molybdate ions, ammonium ions and peroxide varies depending on the kind of plant
material. The final concentration of molybdate ions and ammonium ions, for the plant material derived from such beech,
preferably 0.01mM ~ 100mM, more preferably 0.1mM ~ 10mM, more preferably at 0.25mM ~ 5mM It is there. Further, the
final concentration of the peroxide, for a plant material derived from such beech, preferably 0.01M ~ 10M, more preferably
from 0.1M ~ 1M. If these concentrations are low, it is impossible to obtain the effect of the separation of sugars and lignin
sufficiently, whereas, because the process of solvent after the reaction with these high concentration becomes difficult.

The weight ratio between the amount to the amount of the dispersion medium of the plant material in the dispersion medium
is not limited, preferably the plant material in a weight ratio: dispersion medium of 1: 1 to 1: 100, more preferably from a plant
in a weight ratio of Materials: dispersion medium of 1: 5 to 1: 20. The less the amount of the dispersion medium is slow
heating rates, whereas small amounts of plant material that can be processed the more the amount of the dispersion
medium, it is because the manufacturing cost is high.

When microwave irradiation in the plant material of the dispersion by the present process, as the microwave is uniformly
irradiated to a plant material which is dispersed in a dispersion medium, the dispersion is agitated by stirrer, etc. It is
preferable that you are.

The reaction time is not limited when performing the irradiation of microwaves by the process, is preferably 1 minute to 60
minutes. Also, more preferably 5 minutes to 30 minutes. In a short time the reaction is not possible to sufficiently separate
the sugars and lignin, while in prolonged reaction, costly, also because there is a possibility of decomposition also useful
chemicals It is there.

The reaction temperature for the separation of sugars and lignin by this step is not limited, it is preferable to heat the plant
material in 50 ℃ ~ 240 ℃. Also, more preferably heating the plant material in 80 ℃ ~ 180 ℃. Can not be sufficiently
separated from the reaction temperature is lower saccharide and the lignin, while the reaction temperature is high, it is
because it is decomposed also useful chemicals. According to the present invention, at a temperature at which the
saccharide is not excessively decomposed, it is possible to effectively separate the sugars and lignin. Also, in the reaction
according to the invention, it is preferred to reach in a short period of time to a predetermined reaction temperature by rapid
heating. If the heating is rapid, it is because the by-products generated by the low reaction temperatures is reduced.

(2) extraction process The present invention also, from the mixture obtained by the separation step (1) can comprise
extracting step the solid polysaccharide. As mentioned above, the mixture obtained in the separation step (1) is, at least, a
mixture comprising a degradation product of lignin dissolved in a dispersion medium, cellulose, a sugar component
comprising a solid polysaccharide consisting hemicellulose or the like, the It is there. By this step, from such a mixture, the
cellulose can be subjected to saccharification process, the solid polysaccharide consisting hemicellulose or the like, and can
be extracted as an insoluble fraction. Insoluble fraction, in addition to the solid polysaccharide, it may contain residual lignin
that can not be decomposed in the separation process. Incidentally, or degradation products of lignin contained in the
mixture, even saccharide small molecules that may be included in the sugar component, used for the production of useful
chemicals.

In this step, using a technique such as filtration, it is possible to extract the solid polysaccharide. In the filtration, the mixture
obtained in the separation step (1) was passed through the filter media of a porous, to extract the solid polysaccharide which
can not pass through the hole from the dispersion medium. The filter medium, it is possible to use a filter paper, a glass fiber
filter, membrane filter, the filtration plate.

Filter medium that can be used in this step may be selected pore size, such as the resulting solid polysaccharides can be
reliably captured. For example it is possible to use those which hold the particles of 1μm ~ 50μm. Moreover, in order to
improve the filtration rate, a reduced pressure may be performed filtered over pressurization, the pressure of the centrifugal
or the like.

Solid polysaccharides extracted in this step can be converted into sugars by the low molecular saccharification process.
The saccharification process, it is possible to use an enzyme such as cellulose. Low molecular sugars obtained here, by
performing processing of the fermentation such as by using a microorganism, it can be ethanol, methane, succinic acid,
itaconic acid, to obtain the compounds useful in the lactic acid. Also, the degradation products of lignin contained in the
mixture after extracting the solid polysaccharide, it is possible to obtain such useful chemical substances such as aromatic
compounds.

Without extracting the solid polysaccharide by this process also, it is also possible to perform the saccharification process
the solid polysaccharide even when the decomposition product of the solid polysaccharides and lignin or the like is mixed. In
this case, saccharification mixture obtained after the saccharification process is in a state containing a sugar decomposition
products and low-molecular lignin. Therefore, it may be utilized directly as a fermentation raw material, may be utilized
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respectively by separating the saccharide decomposition products and low-molecular lignin by the method of
chromatography and the like.

Here, based on the processing of the irradiated material using microwave irradiation apparatus of the present invention, and
further illustrate the present invention, the invention is not limited to these examples.

Example 1 
Similar to that shown in Figure 2, performing the processing of the irradiated material using a coupling-type microwave
irradiation apparatus has a microwave irradiation apparatus connected three of the present invention. The microwave
irradiation frequency 2450MHz, output microwave irradiation device 10a 1.2kW, microwave irradiation device 10b 0.9kW,
microwave radiation device 10c is set to 0.8kW.

In the irradiated material, we were using the cedar wood powder that has passed through a 48 mesh sieve. Further, the
ethylene glycol and phosphoric acid, the volume ratio of 95: what was mixed with 5 was used as the solvent. And cedar
wood powder, and 11 times the weight of the solvent of cedar wood powder it was uniformly mixed in the raw material tank
102. The irradiated material is fed into the feed pump 106, and further by the pressure of the feed pump 106, through the
supply pipe 108, and reaches the interior of the reaction tube 202. The pressure inside the reaction tube 202, by the pressure
of the feed pump 106 was 1.5MPa.

The irradiated material fed into the reaction chamber prior to 204, is transported to the reaction tube 202 while being
subjected to irradiation of a microwave. From the irradiated material is fed into the feed pump 106, the time from the control
valve 204 as a treated product until it is discharged to the outside of the apparatus it was 23 minutes. The temperature
variation in between the irradiated material it is shown in FIG. Also, the processing amount of the irradiated materials,
including the weight of the solvent, was when 13.4kg /.

The discharged outside the apparatus treated product and by centrifuging to separate the solvent. Furthermore, washed with
acetone and water and subjected to determination of holo cellulose content in the treated product. The treated product of the
dry weight 0.5g were harvested to quantify the amount of holo cellulose sodium chlorite method. In addition, it was
subjected to saccharification process of processed product. The processing of dry weight 0.2g it was taken to the centrifuge
tube. A cellulase Meicelase (registered trademark, manufactured by Meiji Seika Kaisha, Ltd.) were added 8FPU, so 1M
acetate buffer (pH4.5) to a final concentration of 50mM, to make a total volume of 10mL (solid concentration of 2%). 45 ℃, it
penetrated 48 hours under the conditions of 140rpm. After completion of the reaction, the amount of sugar produced in the
reaction solution was measured by Somogyi-Nelson method I was calculated glycation rate. As a result, glycation rate per
holocellulose was 88.8%.

Comparative Example 1 
In microwave processing of the comparative example, we were using a microwave irradiation apparatus of 1L batch.
Processing of the irradiated materials was carried out in the same manner as in Example 1, was treated those 1080g in
weight solvent included. In conjunction with the maximum temperature of the microwave radiation of Example 1, an
irradiated material was heated up to 190 ℃ in 12 minutes and held 15 minutes with the 190 ℃. The temperature change of
the irradiated material of Comparative Example it is shown in FIG. Microwave irradiation of a frequency 2450MHz, the
output is 1.5kW, the pressure in the reaction vessel was 0.2MPa.

For treatment product obtained by the microwave treatment of Comparative Example 1, it was subjected to quantitative and
saccharification process holocellulose amount in the same manner as in Example 1, was calculated saccharification rate per
holocellulose, with 86.8% Yes, it was lower than the saccharification rate of Example 1.

Thus, it is possible to microwave treatment of high temperature and high pressure by using a microwave irradiation
apparatus and the coupling microwave irradiation apparatus of the present invention, it was possible to obtain a high
saccharification ratio of treated product. As shown in Figure 6, a microwave irradiation apparatus of the present invention, as
compared to a microwave irradiation apparatus used in Comparative Examples, it could be heated in a short time the
irradiated material.

Furthermore, on the basis of examples, it will be described from the plant material of the present invention in further detail a
method for producing a sugar component, the present invention is not limited to these examples.

"Examples 1-7 and Comparative Example 1" 
We examined the effects of various Lewis acid catalysts in the process of producing sugar components from plant material.

Preparation of the plant material 
The timber of beech a raw plant material was ground using a wood crusher and Uiremiru, sieved to collect the powder of a
size of from 355μm about 500μm (beech wood flour). Then, a beech wood flour, twice the volume ratio of beech wood flour
ethanol / benzene (volume ratio of 1/2) were mixed, to remove low molecular weight materials of the fat-soluble by refluxing.
Then, a beech wood flour, by mixing a volume ratio of 2 times the water of beech wood flour, treated with 121 ℃ · 30
minutes in an autoclave to remove water-soluble low molecular weight substance. In addition, it was dried overnight at 105
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℃ the beech wood flour in the dryer. Such beech wood flour was prepared as a plant material, and I is used in the following
examples and comparative examples.

Separation step 
The prepared Beech wood powder 1g, and a 1-propanol / water (volume ratio 1/1) 20g is a dispersion medium were placed in
a microwave irradiation vial, Examples 1-7 Various Lewis acid catalysts shown in Table 1 a, I got a dispersion was added
by each 60μmol. Comparative Example 1 was not added catalyst. In a state in which sealed the vial using microwave
irradiation apparatus Initiator60 (manufactured by Biotage Japan Ltd.), with stirring at 900rpm using a stirrer, 180 ℃, 30
minutes condition, the microwave of 2450MHz It was irradiated to the dispersion liquid.

Extraction process 
After microwave irradiation, filter paper Advantec No. 131 (registered trademark, manufactured by Toyo Roshi Co., retention
particle diameter 3μm) to obtain an insoluble fraction containing a solid polysaccharide and lignin remaining liquid was
filtered through a. Measuring the wet weight of the insoluble fraction, furthermore, the water was completely removed by
drying a part to determine the water content. The insoluble fraction weight minus the weight of the wet weight of water was
calculated, to calculate the ratio of the weight of wood flour with (insoluble fraction yield).

Enzymatic saccharification process 
The processing of dry weight 0.2g it was taken to the centrifuge tube. A cellulase Meicelase (registered trademark, Meiji
Seika Co., Ltd.) 8FPU, 50mM acetate buffer (pH4.5) was added 10ml, 45 ℃, and penetrated 48 hours under the conditions
of 140rpm. After completion of the reaction, the amount of sugar produced in the reaction solution was measured by
Somogyi-Nelson method, sugar yield per unit weight of the insoluble fraction, and to calculate the saccharide yield per plant
material unit weight.

As shown in Table 1, Examples 1-7, as compared with Comparative Example 1, although the low yield of the insoluble
fraction, the result of the enzymatic saccharification, sugar yield per weight insoluble fraction units, plant material unit weight
sugar yield per Both higher.

"Example 8 and Comparative Example 2" 
A method for producing sugar components from plant material, was compared with the microwave treatment and the
external heat treatment. The prepared Beech wood powder 1g, and a 1-propanol / water (volume ratio 1/1) 20g is a
dispersion medium to obtain the microwave irradiation vial, and added dispersant aluminum sulfate 60μmol as a Lewis acid
catalyst obtained. In a state in which sealed the vial using microwave irradiation apparatus Initiator60 (Biotage Japan), with
stirring at 900rpm by stirrer, 160 ℃, 30 min, and 180 ℃, in two conditions of 30 minutes, the 2450MHz The microwave was
irradiated to the dispersion liquid (Example 8).

Also, in the comparative example, to obtain the dispersion medium in an autoclave cylinder, 160 ℃ using an autoclave, 30
min and 180 ℃, it was externally heated in two conditions for 30 minutes (Comparative Example 2). In enzymatic
saccharification process, for each of Example 8 and Comparative Example 2, the enzymatic saccharification is carried out
using a 1FPU and 8FPU of Meicelase (registered trademark).

The sugar yield per plant material weight of Example 8 and Comparative Example 2 I is shown in Figure 7. In any
conditions, the yield of Example 8 was subjected to microwave treatment was high. In particular, in the amount of the
enzyme is low conditions, differences were observed remarkably. Accordingly, the present invention, even less amount of
enzyme used for saccharification of the treated product, it is possible to obtain a saccharide with high yield, significant cost
savings in the saccharification is realized.

"Example 9 and Comparative Example 3" 
We went a gas chromatography mass analysis of solubilized fraction. Beech wood powder 1g prepared previously as plant
materials, and to give it is in dispersion medium 1-propanol / water (volume ratio 1/1) 20g to microwave irradiation vial,
aluminum chloride 60μmol was added as a Lewis acid catalyst , I got a dispersion medium. In a state in which sealed the
vial using microwave irradiation apparatus Initiator60 (manufactured by Biotage Japan Ltd.), with stirring at 900rpm by stirrer,
180 ℃, 30 minutes condition, and the dispersion of the microwaves of 2450MHz It was irradiated to the liquid (Example 9).
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Also, to obtain the dispersion medium in an autoclave cylinder, 180 ℃ in an autoclave, subjected to external heating for 30
minutes in the conditions (Comparative Example 3).

After microwave treatment and external heating treatment, filter paper Advantec No. 131 (registered trademark,
manufactured by Toyo Roshi Co., retention particle diameter 3μm) for the reaction solution was filtered using was performed
gas chromatography mass spectrometry (GCMS).

Figure 8 shows the results of the GCMS. In Example 9 and Comparative Example 3, it contained aromatic compounds
derived from lignin. The Example 9, in addition to the aromatic compounds contained many sugars such as pentoses or
Hekitosu. On the other hand, Comparative Example 3 is a saccharide degradation products 5-hydroxymethyl furfural
(Retention time: 6.8 min to 7.0 min) was contained much. Therefore, in Comparative Example 3, by external heating, it
found that sugar was excessively decomposed. According to the present invention, it is possible to use these saccharides.

By microwave processing, generation of 5-hydroxymethyl furfural was suppressed. The 5-hydroxymethyl furfural leads to the
effect of inhibiting the ethanol fermentation of sugars. Accordingly, the present invention makes it possible to suppress the
formation of 5-hydroxymethyl furfural, it is possible to perform the enzymatic saccharification and ethanol fermentation
efficiently.

"Examples 10-17 and Comparative Example 4" 
We examined the effects of the present invention to the lignin of conifers (cedar), which is a persistent.

Preparation of the plant material 
The timber of cedar as a raw material of the plant material is pulverized using a wood crusher and Uiremiru, sieved and
collected 1190μm about the size of the powder (cedar wood powder) from 500μm. Such cedar wood powder which has been
prepared as a plant material, and I is used in the following examples and comparative examples. Thus, the plant material
used in this Example is different from Example 1-9, it can be said that since it was not the removal of lipid-soluble low-
molecular and low-molecular weight water-soluble, saccharide production is more difficult .

Separation step 
The prepared cedar wood powder 1g, and an ethylene glycol / water (weight ratio 9/1) 20g is a dispersing medium placed in
a microwave irradiation vial, and aluminum chloride Examples 10-17 are Lewis acid catalysts, to obtain a dispersion liquid to
the plant material 1g each, it added in an amount shown in Table 2. Comparative Example 4 was not added to the catalyst.
In a state in which sealed the vial using microwave irradiation apparatus Initiator60 (manufactured by Biotage Japan Ltd.),
with stirring at 900rpm using a stirrer, under the conditions described in Table 2, the above microwave of 2450MHz It was
irradiated to the dispersion.

Extraction process 
After microwave irradiation, filter paper Advantec No. 131 (registered trademark, manufactured by Toyo Roshi Co., Ltd.,
retaining particle diameter 3μm) to obtain an insoluble fraction by filtration liquid using. Measuring the wet weight of the
insoluble fraction, furthermore, the water was completely removed by drying a part to determine the water content. The
insoluble fraction weight minus the weight of the wet weight of water was calculated, to calculate the ratio of the weight of
the plant material used (insoluble fraction yield).

Enzymatic saccharification process 
The processing of dry weight 0.2g it was taken to the centrifuge tube. A cellulase Meicelase (registered trademark, Meiji
Seika Co., Ltd.) 8FPU, 50mM acetate buffer (pH4.5) was added 10ml, 45 ℃, and penetrated 48 hours under the conditions
of 140rpm. After completion of the reaction, the amount of sugar produced in the reaction solution was measured by
Somogyi-Nelson method, sugar yield per unit weight of the insoluble fraction, and to calculate the saccharide yield per plant
material unit weight.

The results I are shown in Table 2. Comparative Examples 4 was high yield of insoluble fraction, sugars produced by
enzymatic saccharification process was only. In Comparative Example 4, it believed lignin contained in cedar wood powder
was hardly degraded. Meanwhile, in Examples 10-17, by enzymatic saccharification treatment, 75% insoluble fraction per
unit weight to 100%, 43% and 60% of sugar per weight plant material units were obtained. In particular, the catalyst amount
is in the condition of 120μmol ~ 360μmol, it was possible to obtain a saccharide with high yield. Accordingly, the present
invention, the conventional method has been difficult, has been shown to be effective in sugar production from softwood.
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Furthermore, a more detailed description of the present invention based on examples, but the present invention is not limited
to these examples.

"Selection of the ions used in conjunction with ammonium ion" 
A method for producing a sugar component from plant material, was examined about what may be used any ions together
with an ammonium ion and a peroxide. The plant material is externally heated in the presence of various salts and hydrogen
peroxide, were calculated saccharide yield.

Preparation of the plant material 
The timber of beech a raw plant material was ground using a wood crusher and Uiremiru, sieved to collect the powder of a
size of from 355μm about 500μm (beech wood flour). Such beech wood flour was prepared as a plant material, and I is used
in the following examples and comparative examples.

Separation step 
The prepared Beech wood powder 1g, was placed 20g of water as a dispersion medium in a flask, was added an ammonium
salt shown in Table 1 so that each a final concentration of 1mM (of which, "no catalyst" without adding an ammonium salt
in), and further to obtain a dispersion medium was added so that the hydrogen peroxide a final concentration of 0.88M (A) ~
(J). Sealing the flask with stirring 80 ℃ using a stirrer, an external heating treatment was carried out for 5 hours water bath.

Extraction process 
After the separation process, filter paper Advantec No. 131 (registered trademark, manufactured by Toyo Roshi Co.,
retention particle diameter 3μm) to obtain an insoluble fraction containing a solid polysaccharide and lignin remaining liquid
was filtered through a. Measuring the wet weight of the insoluble fraction, furthermore, the water was completely removed
by drying a part to determine the water content. The insoluble fraction weight minus the weight of the wet weight of water
was calculated, to calculate the ratio of the weight of wood flour with (insoluble fraction yield).

Enzymatic saccharification process 
The processing of dry weight 0.2g it was taken to the centrifuge tube. A cellulase Meicelase (registered trademark, Meiji
Seika Co., Ltd.) 8FPU, 50mM acetate buffer (pH4.5) was added 10ml, 45 ℃, and penetrated 48 hours under the conditions
of 140rpm. After completion of the reaction, the amount of sugar produced in the reaction solution was measured by
Somogyi-Nelson method, sugar yield per unit weight of the insoluble fraction, and to calculate the saccharide yield per plant
material unit weight.

As shown in Table 3 below, (A) ammonium molybdate as compared with other salts, higher and most sugar yield. (B) and
diammonium hydrogen phosphate (C) ammonium bicarbonate, the (D) ammonium carbonate was also obtained a relatively
high sugar collection rate. From these results, molybdate ions, by the separation process using the ammonium ions and
peroxide, solid polysaccharide can be produced saccharide efficiently was considered to be obtained.

"Example 1 and Comparative Example 1" 
In the present invention, ammonium molybdate used in a method of producing sugar components from plant material, was
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compared with various other molybdates. The prepared Beech wood powder 1g, and water 20g as a dispersion medium was
obtained to microwave irradiation vial, (including so the final concentration of 1mM each molybdates listed in Table 2, in
Comparative Example 1 "No catalyst" without the addition of molybdate) was then added such that the hydrogen peroxide a
final concentration of 0.88M, to obtain a dispersion medium. In a state in which sealed the vial is illuminated with a
microwave irradiation apparatus Initiator60 (Biotage Japan), with stirring at 900rpm by stirrer, 140 ℃, 30 minutes condition,
the microwaves of 2450MHz to the dispersion It was.

Furthermore, to perform the extraction process for each of Example 1 and Comparative Example 1 were subjected to the
enzyme saccharification treatment using Meicelase (registered trademark) of 8FPU.

As shown in Table 4 below, embodiment using ammonium molybdate, than comparative examples using other molybdate
salts, sugars yield per weight insoluble fraction units, and per plant material unit weight It was higher sugar yield. Thus, the
ion molybdate, according to the present invention the use of ammonium ions and peroxide, it is possible to manufacture a
sugar component comprising a solid polysaccharide polysaccharide is obtained efficiently by enzymatic saccharification
process.

"Relationship with the enzyme input amount and enzymatic saccharification rate" 
Furthermore, 160 ℃ irradiation of microwaves in the separation step is carried out in 9 minutes, the other conditions the
insoluble fraction obtained by subjecting the same treatment as in Example 1, 2FPU, 4FPU, 6FPU and 8FPU of Meicelase (
The enzymatic saccharification is carried out using a registered trademark). Sugar yield per weight insoluble fraction units,
and sugar yield per plant material unit weight I shown in Fig. As shown in Figure 9, higher sugar yields in enzyme 2FPU ~
4FPU were obtained. Thus, solid polysaccharides contained in the insoluble fraction obtained by the present invention
because it is possible saccharification even a small amount of an enzyme, substantial cost savings in the saccharification is
realized.

"Example 2 and Comparative Example 2" 
And microwave irradiation according to the present invention (Example 2), we compared the sugar yield of the external
heating (Comparative Example 2). Example 2, the prepared beech wood flour 1g, and to give a water-20g as a dispersion
medium to microwave irradiation vial, ammonium molybdate, to a final concentration shown in Table 3, peroxide hydrogen
was obtained were each added to the dispersion medium to a final concentration of 0.88M. In a state in which sealed the
vial is illuminated with a microwave irradiation apparatus Initiator60 (Biotage Japan), with stirring at 900rpm by stirrer, 140
℃, 30 minutes condition, the microwaves of 2450MHz to the dispersion It is and subjected to separation step.

In Comparative Example 2, the final concentration described in the autoclave cylinder, the prepared beech wood flour 1g,
and water 20g as a dispersion medium was obtained to microwave irradiation vial, ammonium molybdate, Table 3 As will be
to give the respective added dispersant such that the hydrogen peroxide to a final concentration of 0.88M. Said cylinder, 140
℃ using an autoclave, then external heating for 30 minutes in the conditions and subjected to the separation process.

Furthermore, to perform the extraction process for each mixture obtained in Example 2 and Comparative Example 2 were
subjected to the enzyme saccharification treatment using Meicelase (registered trademark) of 8FPU.

As shown in Table 5 below, at any concentration of ammonium molybdate, examples using the microwave radiation has a
higher sugar yields were obtained than in the comparative example using the external heating.

"Example 3 and Comparative Example 3" 
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We examined the effects of the present invention to the lignin of conifers (cedar), which is a persistent.

Preparation of the plant material 
The timber of cedar as a raw material of the plant material is pulverized using a wood crusher and Uiremiru, sieved and
collected 1190μm about the size of the powder (cedar wood powder) from 500μm. Such cedar wood powder which has been
prepared as a plant material, and I is used in the following examples and comparative examples.

Example 3, using the adjusted cedar wood powder 1g as plant material, the addition of ammonium molybdate to a final
concentration shown in Table 4, the microwave irradiation otherwise in the same manner and conditions of Example 2 the by
the separation process we went. In Comparative Example 3, using the cedar wood powder 1g prepared previously as the
plant material is added ammonium molybdate to a final concentration shown in Table 4, otherwise in the same manner and
conditions of Comparative Example 2 It went a separation step by external heating.

Furthermore, to perform the extraction process for each mixture obtained in Example 3 and Comparative Example 3 were
subjected to the enzyme saccharification treatment using Meicelase (registered trademark) of 8FPU.

As shown in Table 6 below, examples using microwave radiation, in any of the ammonium molybdate concentrations, higher
sugar yields than the comparative example using the external heating was obtained. In particular, in the presence of
ammonium molybdate 2.5mM ~ 5.0mM, it was possible to obtain a saccharide with high yield. Accordingly, the present
invention, the conventional method has been difficult, has been shown to be effective in sugar production from softwood.

Below, it was examined optimal reaction conditions in the present invention.

"A study of the optimum concentration of hydrogen peroxide" 
In the above separation process, as will ammonium molybdate at a final concentration of 1mM, thereby obtaining a
dispersion medium of hydrogen peroxide was added each at a concentration listed in Table 7 (A) ~ (D). In a state in which
sealed the vial is illuminated with a microwave irradiation apparatus Initiator60 (Biotage Japan), with stirring at 900rpm by
stirrer, 140 ℃, 30 minutes condition, the microwaves of 2450MHz to the dispersion It was. Extraction with resultant
extraction step for the insoluble fraction, and enzymatic saccharification process was conducted using 8FPU of Meicelase
(registered trademark).

The results I are shown in Table 7 below. Among these, when it is a final concentration of 0.88M (D) a peroxide, the highest
sugar yield was obtained.

"A study of the optimal reaction time" 
In the above separation process, as will ammonium molybdate at a final concentration of 1mM, thereby obtaining a
dispersion medium was added so that the hydrogen peroxide to a final concentration of 0.88M. In a state in which sealed the
vial using microwave irradiation apparatus Initiator60 (Biotage Japan), with stirring at 900rpm by stirrer, a reaction
temperature of 140 ℃, reaction time, the conditions described in Table 3, the 2450MHz the microwave it was irradiated to
the dispersion liquid. Extraction with resultant extraction step for the insoluble fraction, and enzymatic saccharification
process was conducted using 8FPU of Meicelase (registered trademark).

The results I shown in Table 8 below. Among these, when it was 30 minutes (A) the reaction temperature, the highest sugar
yield was obtained.
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According to the invention, a method for separating sugar components from plant material, such as ethanol or an aromatic
compound, which contributes to the realization of a bio refinery that attempt to obtain a useful chemicals from biomass
feedstock. Moreover, and pulping of the plant material, it can also be applied to a bleaching method and the like of the pulp.

10: microwave irradiation apparatus 11: microwave radiation source 12: Waveguide 14: container 16: microwave wave
receiving section 18: dielectric material 20: plate-like member 22: supply port 24: outlet 100:-linked micro wave irradiation
device
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