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[Document title] SPECIFICATION 

[Title of the Invention] HYDROGEN GENERATION SYSTEM, POWER 

GENERATION SYSTEM, HYDROGEN GENERATION METHOD, AND POWER 

GENERATION METHOD 

[Technical Field] 5 

[0001] 

 The present invention relates to a hydrogen genera tion 

system, a power generation system, a hydrogen gener ation 

method, and a power generation method. 

[Background Art] 10 

[0002] 

 In recent years, hydrogen has been attracting 

attention as an energy source that does not use fos sil fuels. 

 Hydrogen can be stored in a variety of ways, such as 

being compressed in a high pressure cylinder, being  liquefied 15 

at low temperature, and being absorbed in a hydroge n storage 

material. Among them, the method using a hydrogen s torage 

material does not require hydrogen to be stored in specific 

conditions such as at high pressure or low temperat ure, and 

therefore is easy to handle and highly safe as comp ared to 20 

other methods. The method also has an advantageous feature 

of high hydrogen storage capacity per unit volume. 

[0003] 

 As an example of the method using a hydrogen stora ge 

material, there is known one in which magnesium is used as 25 

a hydrogen storage material, and hydrogen is adsorb ed onto 

the magnesium and stored as magnesium hydride. Hydr ogen can 

be produced (extracted) by reacting the magnesium h ydride 

with water. 

[0004] 30 

 In this case, the reaction between the magnesium 

hydride with water produces magnesium hydroxide as a by-

product. 

[0005] 

 Patent Document 1 discloses a hydrogen generating 35 

method in which magnesium hydride is reacted with w ater to 
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produce hydrogen such that magnesium oxide instead of 

magnesium hydroxide is formed as a by-product. As d escribed 

in Patent Document 2, since magnesium hydride can b e produced 

from magnesium oxide using DC hydrogenated plasma, magnesium 

oxide is obtained as a by-product. 5 

[0006] 

 Specifically, Patent Document 1 describes that, 

assuming an equilibrium curve of magnesium hydroxid e and 

magnesium oxide where the x-axis represents tempera ture and 

the y-axis represents the partial pressure of water  vapor, 10 

when the partial pressure of water vapor is lower t han that 

on the equilibrium curve, magnesium oxide is produc ed stably 

while magnesium hydroxide cannot. Therefore, if hyd rogen is 

generated by reacting magnesium hydride with water (steam) 

under such conditions of the partial pressure of wa ter vapor, 15 

magnesium oxide can be obtained as a by-product. 

[0007] 

 For example, the condition with a temperature of 1 40 °C 

and a water vapor partial pressure of 0.0045 bar co rresponds 

to a point on the equilibrium curve. Accordingly, w hen the 20 

temperature is 140 °C, the proportion of magnesium oxide in 

the by-product can be increased by reacting magnesi um hydride 

with water vapor having a partial pressure of less than 

0.0045 bar. 

[0008] 25 

 It is also described that, under such conditions, even 

if magnesium hydroxide is produced, it decomposes t o 

magnesium oxide. 

[Prior Art Document] 

[Patent Document] 30 

[0009] 

 [Patent Document 1] Japanese Patent Application La id-

open Publication No. 2016-204177 

 [Patent Document 2] Japanese Patent Application La id-

open Publication No. 2011-032131 35 

[Summary of the Invention] 
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[Problems to be Solved by the Invention] 

[0010] 

 Incidentally, lowering the partial pressure of wat er 

vapor means reducing the water content, which impli es that 

the total amount of water that reacts with magnesiu m hydride 5 

is reduced. 

[0011] 

 For example, Patent Document 1 describes that when  the 

particle size of magnesium hydride is reduced from 60 µm to 

5 µm, the time required for the reaction can be reduce d at 10 

a temperature of around 230 °C. However, the propor tion of 

magnesium oxide was reduced from 98.8 % to 88.1 %, and the 

proportion of magnesium oxide was only increased fr om 0.54 % 

to 11.25% in the two-day treatment; it can be infer red that 

the rate of hydrogen generation decreased significa ntly. 15 

Besides, for example, the longer it takes to produc e a raw 

material (magnesium oxide in Patent Documents 1 and  2) for 

producing a hydrogen generation material of magnesi um 

hydride, the more energy it requires. 

[0012] 20 

 Thus, there is still room for improvement in the 

magnesium-recycling hydrogen generation system. It is 

therefore an object of the present invention to pro vide a 

new magnesium-recycling hydrogen generation system that may 

require less energy to produce a raw material for p roducing 25 

a hydrogen generation material while suppressing th e 

reduction of hydrogen production, a power generatio n system 

using the hydrogen, a hydrogen generation method, a nd a power 

generation method. 

[Means for Solving the Problems] 30 

[0013] 

 (1) According to an embodiment of the present inve ntion, 

a hydrogen generation system is a magnesium-recycli ng 

hydrogen generation system. The hydrogen generation  system 

includes: a by-product acquisition unit that separa tes a by-35 

product from a post-reaction solution, which is a s olution 
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after reacting with a hydrogen generation material 

containing a hydrogen-containing magnesium compound  that 

generates hydrogen via a reaction with the solution , to 

acquire the by-product including more than one type  of 

oxygen-containing magnesium compound that contains oxygen 5 

produced by the reaction, a raw material production  unit 

that reacts the by-product with a halogen-containin g 

substance containing halogen and other atoms than t he halogen 

to produce a raw material containing magnesium hali de, a 

hydrogen generation material production unit that r educes 10 

the raw material with plasma containing hydrogen to  produce 

the hydrogen generation material, and a hydrogen ge nerator 

that reacts the hydrogen generation material with t he 

solution to generate hydrogen. 

[0014] 15 

 (2) According to an embodiment of the present inve ntion, 

a power generation system includes a power generato r that 

generates electricity using hydrogen. The power gen erator is 

supplied with hydrogen generated by the hydrogen ge neration 

system (1) as above. 20 

[0015] 

 (3) According to an embodiment of the present inve ntion, 

a hydrogen generation method is a magnesium-recycli ng 

hydrogen generation method. The hydrogen generation  method 

includes: separating a by-product from a post-react ion 25 

solution, which is a solution after reacting with a  hydrogen 

generation material containing a hydrogen-containin g 

magnesium compound that generates hydrogen via a re action 

with the solution, to acquire the by-product includ ing more 

than one type of oxygen-containing magnesium compou nd that 30 

contains oxygen produced by the reaction, reacting the by-

product with a halogen-containing substance contain ing 

halogen and other atoms than the halogen to produce  a raw 

material containing magnesium halide, reducing the raw 

material with plasma containing hydrogen to produce  the 35 

hydrogen generation material, and reacting the hydr ogen 
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generation material with the solution to generate h ydrogen. 

[0016] 

 (4) According to an embodiment of the present inve ntion, 

a power generation method is a method to generate e lectricity 

using hydrogen. The power generation method include s: 5 

generating electricity using hydrogen, and supplyin g 

hydrogen generated by the hydrogen generation metho d (3) as 

above for the generating electricity using hydrogen . 

[Effects of the Invention] 

[0017] 10 

 The present invention can provide a new magnesium-

recycling hydrogen generation system that may requi re less 

energy to produce a raw material for producing a hy drogen 

generation material while suppressing the reduction  of 

hydrogen production, a power generation system usin g the 15 

hydrogen, a hydrogen generation method, and a power  

generation method. 

[Brief Description of the Drawings] 

[0018] 

[FIG. 1] FIG. 1 is a block diagram for explaining a  power 20 

generation system according to an embodiment of the  present 

invention. 

[FIG. 2] FIG. 2 is a diagram for explaining a hydro gen 

generation material production unit according to an  

embodiment of the present invention. 25 

[FIG. 3] FIG. 3 is a diagram for explaining a hydro gen 

generator according to an embodiment of the present  invention. 

[FIG. 4] FIG. 4 is a diagram for explaining a by-pr oduct 

acquisition unit according to an embodiment of the present 

invention. 30 

[FIG. 5] FIG. 5 is a diagram for explaining a raw m aterial 

production unit according to an embodiment of the p resent 

invention. 

[FIG. 6] FIG. 6 is a diagram for explaining a modif ication 

of the power generation system that further include  a 35 

thermoelectric generator according to an embodiment  of the 
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present invention. 

[Modes for Carrying Out the Invention] 

[0019] 

 In the following, modes (hereinafter, embodiments)  for 

carrying out the present invention will be describe d in 5 

detail with reference to the accompanying drawings.  

 Note that like parts are designated by like refere nce 

numerals or characters throughout the description o f 

embodiments. 

[0020] 10 

 FIG. 1 is a block diagram for explaining a power 

generation system PGS according to the present inve ntion. 

First, the power generation system PGS and a hydrog en 

generation system W1 will be briefly described with  reference 

to FIG. 1. 15 

 The power generation system PGS includes, for exam ple, 

a power generator PG including a power generation d evice GNT 

(e.g., a hydrogen turbine generator or a fuel cell)  that 

generates electricity using hydrogen as a fuel. 

[0021] 20 

 As illustrated in FIG. 1, the hydrogen generation 

system W1 includes a by-product acquisition unit W1 0, a raw 

material production unit W20, a hydrogen generation  material 

production unit W30, and a hydrogen generator W40. In the 

power generation system PGS, the power generator PG , which 25 

uses hydrogen to generate electricity, is supplied with 

hydrogen generated by the hydrogen generator W40, t hereby 

generating electricity. 

[0022] 

 Note that the hydrogen generation system W1 requir es 30 

electricity to generate hydrogen plasma (microwave surface-

wave hydrogen plasma) or to perform heat treatment as 

described later; however, the required electricity can be 

covered by surplus electricity from existing power plants 

and/or natural energy such as solar power and wind power. 35 

[0023] 
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 Solar and wind power generation, in particular, ha s a 

problem that the power generation has to be stopped  when the 

power demand is low, and also the power generation amount 

may decrease due to the weather. However, by combin ing them 

with the power generation system PGS of the embodim ent, 5 

instead of stopping the solar power generation, the  wind 

power generation, or the like when the power demand  is low, 

the power can be utilized to produce a hydrogen gen eration 

material 421, which is a material for generating hy drogen in 

the hydrogen generator W40 of the hydrogen generati on system 10 

W1. Hydrogen can be extracted from the hydrogen gen eration 

material 421 to generate electricity when electric power is 

required. Thereby, clean energy can be stably suppl ied. 

[0024] 

 The hydrogen generator W40 includes a reaction uni t 15 

that performs a reaction to generate hydrogen (desc ribed 

later in detail with reference to FIG. 3). 

 In the embodiment, the reaction unit stores a solu tion 

(e.g., aqueous solution 411) to be reacted with the  hydrogen 

generation material 421 containing a hydrogen-conta ining 20 

magnesium compound that generates hydrogen via a re action 

with the solution. The reaction unit is a solution storage 

410 that serves as a reaction container where a rea ction 

takes place to produce hydrogen when provided with the 

hydrogen generation material 421. 25 

 Magnesium hydride (MgH 2) can be cited as an example of 

the hydrogen-containing magnesium compound that gen erates 

hydrogen via a reaction with the solution. 

[0025] 

 As described later with reference to FIG. 2, the 30 

hydrogen generation material production unit W30 pr oduces 

magnesium hydride as a hydrogen-containing magnesiu m 

compound by irradiation of hydrogen plasma on raw m aterials 

containing magnesium halide (e.g., magnesium chlori de 

(MgCl 2). However, not all the raw materials always turn i nto 35 

magnesium hydride. As a result, the hydrogen genera tion 
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material 421 may sometimes contain raw materials th at have 

not reacted in the process of producing magnesium h ydride or 

metallic magnesium that has also been produced by t he process. 

[0026] 

 Specifically, in the hydrogen generator W40, a 5 

reaction represented by the following Formula 1 mai nly occurs 

between magnesium hydride and the solution as a rea ction to 

produce hydrogen. In addition, when the hydrogen ge neration 

material 421 contains metallic magnesium, a reactio n 

represented by the following Formula 2 also occurs between 10 

magnesium metal and the solution through the reacti on to 

generate hydrogen. 

 MgH2 + 2H 2O 

  → Mg(OH) 2 + 2H 2 + 334.08 KJ/mol  (1) 

 Mg + 2H 2O 15 

  → Mg(OH) 2 + H 2 + 369.98 KJ/mol  (2) 

[0027] 

 However, when the solution (the aqueous solution 4 11) 

is at low temperature, the reaction represented by Formula 

2 proceeds slowly and produces less hydrogen. There fore, it 20 

is preferable that the hydrogen generation material  421 

contains little metallic magnesium. 

[0028] 

 Presumably, the post-reaction solution, i.e., the 

solution after the reaction, mainly contains magnes ium 25 

hydroxide (Mg(OH) 2) as a by-product 116 produced in the 

reaction. 

 However, in some cases, reactions represented by t he 

following Formulas 3 and 4 may possibly occur, and therefore, 

a small amount of magnesium oxide (MgO) may be cont ained as 30 

the by-product 116. 

 MgH2 + H 2O 

  → MgO + 2H 2 + 301.75KJ/mol   (3) 

 Mg + H 2O 

  → MgO + H 2 + 337.65 KJ/mol   (4) 35 

[0029] 
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 Accordingly, the post-reaction solution, i.e., the  

solution after reacting with the hydrogen generatio n 

material 421 containing a hydrogen-containing magne sium 

compound that generates hydrogen via a reaction wit h the 

solution, contains the by-product 116 including mor e than 5 

one type of oxygen-containing magnesium compound (M g(OH) 2, 

MgO, etc.) that contains oxygen produced by the rea ction. 

[0030] 

 Although the solution is described as the aqueous 

solution 411 (i.e., water) in the embodiment, the s olution 10 

need not necessarily be limited to the aqueous solu tion 411 

as long as it does not contain a substance that rea cts with 

the oxygen-containing magnesium compound (Mg(OH) 2, MgO, 

etc.), mainly magnesium hydroxide (Mg(OH) 2), and dissolves 

the magnesium hydroxide in the solution. 15 

[0031] 

 In the by-product acquisition unit W10 (described 

later in detail with reference to FIG. 4), the by-p roduct 

116 including more than one type of oxygen-containi ng 

magnesium compound (Mg(OH) 2, MgO, etc.) is separated from 20 

the post-reaction solution. In the raw material pro duction 

unit W20 (described later with reference to FIG. 5) , the 

separated by-product 116 is reacted with a halogen-

containing substance (e.g., HCl, NH 4Cl, etc.) containing 

halogen and other atoms than halogen to produce a r aw 25 

material containing magnesium halide. 

[0032] 

 For example, both magnesium hydroxide (Mg(OH) 2) and 

magnesium oxide (MgO) produce magnesium chloride (M gCl 2) when 

reacting with heated gaseous hydrochloric acid (HCl ) that 30 

contains no water. 

[0033] 

 Both magnesium hydroxide (Mg(OH) 2) and magnesium oxide 

(MgO) also produce magnesium chloride (MgCl 2) when mixed with 

ammonium chloride (NH 4Cl) and heated to about the 35 

decomposition temperature of ammonium chloride, for  example, 
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at atmospheric pressure, about 340 °C to 450 °C, mo re 

preferably about 340 °C to 400 °C. 

[0034] 

 Then, as mentioned above, in the hydrogen generati on 

material production unit W30, the hydrogen generati on 5 

material 421 is produced again by irradiation of hy drogen 

plasma (microwave surface-wave hydrogen plasma) on the raw 

material containing magnesium halide. 

[0035] 

 That is, the hydrogen generation system W1 of FIG.  1 10 

includes the by-product acquisition unit W10, the r aw 

material production unit W20, the hydrogen generati on 

material production unit W30, and the hydrogen gene rator W40, 

which are outlined above. Thus, the hydrogen genera tion 

system W1 is basically a magnesium-recycling system  which 15 

recycles magnesium instead of disposing of it. 

[0036] 

 In the power generation system PGS illustrated in FIG. 

1, the power generator PG can be provided with the power 

generation device GNT (e.g., a hydrogen turbine gen erator or 20 

a fuel cell) that generates electricity using gener al 

hydrogen as a fuel. Therefore, the hydrogen generat ion system 

W1 will be mainly described below in detail in the order of 

the hydrogen generation material production unit W3 0, the 

hydrogen generator W40, the by-product acquisition unit W10, 25 

and the raw material production unit W20. 

[0037] 

(Hydrogen generation material production unit W30) 

 FIG. 2 is a diagram for explaining the hydrogen 

generation material production unit W30. 30 

 As illustrated in FIG. 2, the hydrogen generation 

material production unit W30 is provided with a hou sing 310 

that forms a treatment chamber 301. In this embodim ent, the 

inside of the housing 310 is divided by a partition  plate 

311 having an opening 311A in the center such that the 35 

treatment chamber 301 has a first space F and a sec ond space 
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S. 

 However, the partition plate 311 may be omitted, a nd 

the treatment chamber 301 may be formed as one spac e. 

[0038] 

 The hydrogen generation material production unit W 30 5 

includes: a window W made of a dielectric material (e.g., 

quartz or ceramics), which is located in a portion of the 

treatment chamber 301 where microwaves are incident ; a 

microwave generator 320 (e.g., a magnetron) that ge nerates 

microwaves to be supplied to the first space F in t he 10 

treatment chamber 301 through the window W to gener ate 

plasma; and a wave guide 321 that guides the microw aves 

generated by the microwave generator 320 to the win dow W. 

[0039] 

 It is assumed in the embodiment that the generated  15 

microwaves have a frequency of 2.45 GHz; however, t he 

frequency need not necessarily be limited to this. For 

example, the microwaves may have ISM band frequenci es 

available for purposes other than communication suc h as 24.1 

GHz, 5 GHz, 915 MHz, 40.6 MHz, 27.1 MHz, 13.56 MHz,  or the 20 

like. 

[0040] 

 In the embodiment, the microwave generator 320 

generates pulsed microwaves, wherein the average mi crowave 

power (microwave intensity) is reduced, while the p eak value 25 

of the microwave power (microwave intensity) is inc reased. 

[0041] 

 Note that the term “pulsed microwaves” refers to t hose 

with periodic changes in the microwave power (micro wave 

intensity), and the pulsed microwaves are not neces sarily 30 

limited to those where the microwave power (microwa ve 

intensity) periodically becomes zero. 

[0042] 

 Specifically, the microwave generator 320 generate s 

pulsed microwaves where the peak value of the micro wave power 35 

(microwave intensity) appears in a cycle of 150 mic roseconds 
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or less (desirably 100 microseconds or less, more d esirably 

50 microseconds or less). The microwave generator 3 20 

supplies the treatment chamber 301 with the microwa ves with 

a microwave power at the peak value before the plas ma (in 

this example, microwave surface-wave hydrogen plasm a) is 5 

significantly attenuated. 

 With this, it is possible to reduce the average po wer 

used by the microwave generator 320 while maintaini ng the 

microwave surface-wave plasma having a density subs tantially 

corresponding to the peak value of the microwave po wer 10 

(microwave intensity). 

[0043] 

 It is assumed, for example, that the microwave 

generator 320 generates not pulsed microwaves but m icrowaves 

with a substantially constant microwave power (micr owave 15 

intensity), and the plasma density is in the range of 10 12/cm 3 

to 10 14/cm 3. 

 In this case, when the microwave generator 320 

generates pulsed microwaves, the peak value of the microwave 

power (microwave intensity) can be increased even i f the 20 

average microwave power is the same. Thus, higher p lasma 

density (e.g., a high plasma density of 10 15/cm 3 or more) can 

be achieved. 

 That is, when the microwave generator 320 generate s 

pulsed microwaves, even if the average microwave po wer is 25 

the same, it is possible to achieve a plasma densit y higher 

by one digit or more as compared to non-pulsed micr owaves 

where the microwave power (microwave intensity) is 

substantially constant. 

[0044] 30 

 Therefore, since the microwave generator 320 is 

configured to generate pulsed microwaves, it is pos sible to 

generate a high-density microwave surface-wave plas ma while 

suppressing an increase in the amount of electric p ower 

(average power) used in the microwave generator 320 . 35 

 In addition, an increase in the peak value of the 
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microwave power (microwave intensity) has an effect  in 

facilitating the ignition of the microwave surface- wave 

plasma. 

[0045] 

 The microwave surface-wave plasma has a lower elec tron 5 

temperature (e.g., about 1 eV) than other plasmas ( e.g., 

high-frequency plasma, DC discharge plasma, etc.), and has 

an advantage in its small energy loss compared to o ther 

plasmas which consume energy to obtain a high elect ron 

temperature (e.g., 10 eV or more). 10 

 Besides, the microwave surface-wave plasma is 

characterized in that the temperature of ions and m olecules 

in the plasma is significantly lower (almost room 

temperature) than that of what is called thermal pl asma. 

 Further, in the case of microwave surface-wave pla sma, 15 

a high-density plasma as described above can be uni formly 

generated in a large area of, for example, 0.5 m 2 or more. 

Microwaves to be incident on the treatment chamber 301 

propagate through the window W, but are absorbed as  surface 

waves. Accordingly, microwaves (electromagnetic wav es) are 20 

not present in the treatment chamber 301, which all ows a 

high degree of freedom in designing the inside of t he 

treatment chamber 301. 

[0046] 

 The hydrogen generation material production unit W 30 25 

also includes a decompressor 330 that discharges th e gas 

from the treatment chamber 301 to decompress the in side of 

the treatment chamber 301. 

 Specifically, the hydrogen generation material 

production unit W30 includes a first vacuum pump 33 2 as the 30 

decompressor 330 that is connected to the first spa ce F via 

a first exhaust pipe 331 having a first exhaust val ve 331A 

in the middle thereof for determining whether or no t to 

discharge the gas in response to open/close operati on or 

open/close control, and a second vacuum pump 334 as  the 35 

decompressor 330 that is connected to the second sp ace S via 
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a second exhaust pipe 333 having a second exhaust v alve 333A 

in the middle thereof for determining whether or no t to 

discharge the gas in response to open/close operati on or 

open/close control. 

[0047] 5 

 If a vacuum pump with a low gas suction force is u sed, 

it takes time to increase the degree of vacuum in t he 

treatment chamber 301. Therefore, in order to reduc e such 

setup time, at least one of the first vacuum pump 3 32 and 

the second vacuum pump 334 is preferably a mechanic al booster 10 

pump with a high gas suction force. 

[0048] 

 The hydrogen generation material production unit W 30 

is provided with a first pressure gauge 332A to mea sure the 

pressure in the first space F of the treatment cham ber 301 15 

and a second pressure gauge 334A to measure the pre ssure in 

the second space S of the treatment chamber 301. 

 For example, the operation of the first vacuum pum p 

332 and the first exhaust valve 331A may be control led to 

set the pressure in the first space F to a predeter mined 20 

value (e.g., about 10 Pa) based on the pressure mea sured by 

the first pressure gauge 332A. 

 For example, the operation of the first exhaust va lve 

331A may be controlled based on the pressure measur ed by the 

first pressure gauge 332A while the first vacuum pu mp 332 is 25 

operating. 

[0049] 

 Similarly, for example, the operation of the secon d 

vacuum pump 334 and the second exhaust valve 333A m ay be 

controlled to set the pressure in the second space S to a 30 

predetermined value (e.g., about 10 Pa) based on th e pressure 

measured by the second pressure gauge 334A. 

 For example, the operation of the second exhaust v alve 

333A may be controlled based on the pressure measur ed by the 

second pressure gauge 334A while the second vacuum pump 334 35 

is operating. 
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[0050] 

 In the embodiment, an example is described in whic h 

the pressure in the treatment chamber 301 is set to  about 10 

Pa, at which high-density plasma is easily formed. 

 However, since the reduction treatment may be prom oted 5 

also by the high partial pressure of reactive gas ( in this 

example, hydrogen gas) described later, a determina tion may 

be made by conducting a preliminary experiment as t o whether 

to place priority on increasing the decompression d egree to 

increase the plasma density or on increasing the pa rtial 10 

pressure of reactive gas by setting the pressure in  the 

treatment chamber 301 to about 500 Pa to 3000 Pa de spite it 

results in a lower decompression degree. 

[0051] 

 Besides, as described above, in order to set the 15 

pressure in the first space F and the second space S to a 

predetermined value, it is not necessarily required  to 

control both of the two vacuum pumps (the first vac uum pump 

332 and the second vacuum pump 334). 

[0052] 20 

 For example, as a preparatory step, the two vacuum  

pumps (the first vacuum pump 332 and the second vac uum pump 

334) may be operated only when the pressure in the treatment 

chamber 301 is set to a predetermined value. In thi s case, 

the first exhaust valve 331A is closed to stop the operation 25 

of the first vacuum pump 332 when the pressure in t he 

treatment chamber 301 reaches the predetermined val ue. 

Thereafter, the operation of the second vacuum pump  334 and 

the second exhaust valve 333A is controlled such th at the 

pressure in the treatment chamber 301 is maintained  at the 30 

predetermined value based on the pressure measured by the 

first pressure gauge 332A or the second pressure ga uge 334A. 

[0053] 

 As the measured value of the pressure in the treat ment 

chamber 301 used to maintain the pressure in the tr eatment 35 

chamber 301 at a predetermined value, the average o f the 
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pressures measured by the first pressure gauge 332A  and the 

second pressure gauge 334A may be used. 

[0054] 

 The hydrogen generation material production unit W 30 

includes a gas supply unit (not illustrated) to sup ply the 5 

treatment chamber 301 with a reactive gas, which co ntains 

substantially no oxygen atom that turns into plasma . 

[0055] 

 In the embodiment, hydrogen is used as the reactiv e 

gas that causes the reduction reaction. However a h ydrocarbon 10 

gas such as methane or propane can also cause the r eduction 

reaction, and therefore the reactive gas is not lim ited to 

hydrogen. Any reactive gas that forms a reducing at mosphere 

containing hydrogen may be used. 

 Accordingly, although hereinafter the gas supply u nit 15 

is referred to as “hydrogen supply unit”, the hydro gen supply 

unit is only an example of the gas supply unit. 

[0056] 

 However, when hydrocarbon gas is used, the exhaust  gas 

contains carbon. Therefore, it is preferable to use  hydrogen 20 

gas to reduce carbon. 

[0057] 

 Besides, if the reactive gas contains oxygen atoms , 

which may hinder the reduction reaction. However, e ven a 

very high-purity gas with a low dew point contains a small 25 

amount of moisture, and not that no oxygen atom is present 

at all. Therefore, the term “contain substantially no oxygen 

atom” refers to being at the same purity level as h igh-purity 

gas (e.g., 99.9 % or higher) and not containing oxy gen atoms 

such as water. 30 

[0058] 

 For example, the hydrogen supply unit includes a 

hydrogen storage (hydrogen cylinder or hydrogen tan k) that 

serves as a hydrogen supply source (not illustrated ), and a 

flow rate controller (a first flow controller MFC1 and a 35 

second flow controller MFC2) such as a mass flow co ntroller 
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that controls the amount of hydrogen supplied from the 

hydrogen storage to the treatment chamber 301. 

 Note that if a cylinder is used as the hydrogen st orage, 

it is to be removed for replacement, and the hydrog en supply 

unit may sometimes not have the hydrogen storage. 5 

[0059] 

 Specifically, the hydrogen supply unit includes a 

first supply pipe 341 that is connected to the hydr ogen 

storage so that hydrogen can be supplied to the fir st space 

F, the first flow controller MFC1 that is located o n the 10 

first supply pipe 341 on the hydrogen storage side,  and a 

first supply valve 341A that is located downstream of the 

position of the first flow controller MFC1 on the f irst 

supply pipe 341 for determining whether or not to s upply 

hydrogen in response to open/close operation or ope n/close 15 

control. 

[0060] 

 Similarly, the hydrogen supply unit includes a sec ond 

supply pipe 342 that is connected to the hydrogen s torage so 

that hydrogen can be supplied to the second space S , the 20 

second flow controller MFC2 that is located on the second 

supply pipe 342 on the hydrogen storage side, and a  second 

supply valve 342A that is located downstream of the  position 

of the second flow controller MFC2 on the second su pply pipe 

342 for determining whether or not to supply hydrog en in 25 

response to open/close operation or open/close cont rol. 

[0061] 

 The hydrogen generation material production unit W 30 

further includes a raw material supplier 350 that s upplies 

a raw material containing anhydrous magnesium halid e (in 30 

this example, the main component of the raw materia l is 

anhydrous magnesium chloride) in gaseous form to th e 

treatment chamber 301 (more specifically, in the fi rst space 

F of the treatment chamber 301). 

[0062] 35 

 Specifically, the raw material supplier 350 includ es 
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a raw material storage 351 that stores anhydrous ma gnesium 

halide (in this example, anhydrous magnesium chlori de) as a 

raw material to be reduced with plasma, a raw mater ial supply 

pipe 352 to supply the raw material in the raw mate rial 

storage 351 to the first space F of the treatment c hamber 5 

301, a first heater 353 that generates heat using e lectricity 

supplied from a first power source 353A to heat the  raw 

material supply pipe 352 and the raw material stora ge 351, 

and a first thermometer 354 that measures the tempe rature of 

the first heater 353. 10 

[0063] 

 The amount of electricity supplied from the first power 

source 353A to the first heater 353 is controlled s o as to 

adjust the temperature measured by the first thermo meter 354 

to a predetermined set value, and the raw material supply 15 

pipe 352 and the raw material storage 351 are heate d to a 

predetermined temperature. 

[0064] 

 When the raw material to be treated with plasma is  

anhydrous magnesium chloride as in the embodiment, the first 20 

heater 353 heats the raw material supply pipe 352 a nd the 

raw material storage 351 to a temperature of about 700 °C so 

that the anhydrous magnesium chloride turns into a gaseous 

form. 

 As a result, the vaporized anhydrous magnesium 25 

chloride flows toward the first space F of the trea tment 

chamber 301 and is supplied to the first space F. 

[0065] 

 The hydrogen generation material production unit W 30 

further includes a temperature controller 360 that maintains 30 

the temperature in the treatment chamber 301 above the 

boiling point of the raw material (in this example,  anhydrous 

magnesium chloride) to be treated with plasma (the boiling 

point is about 650 °C when the pressure in the trea tment 

chamber 301 is about 10 Pa). 35 

[0066] 
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 Specifically, the temperature controller 360 inclu des 

a second heater 361 that is arranged in the first s pace F of 

the treatment chamber 301 to heat the inside of the  treatment 

chamber 301, a second power source 361A that suppli es 

electricity to the second heater 361, and a second 5 

thermometer 362 that measures the temperature in th e first 

space F of the treatment chamber 301. 

[0067] 

 The hydrogen generation material production unit W 30 

controls the amount of electricity supplied from th e second 10 

power source 361A to the second heater 361 so as to  adjust 

the temperature measured by the second thermometer 362 to a 

predetermined set value, thereby maintaining the te mperature 

in the first space F of the treatment chamber 301 a t a 

predetermined value. 15 

[0068] 

 In the embodiment, the temperature controller 360 

maintains the temperature in the treatment chamber 301 at 

about 700 °C, at which anhydrous magnesium chloride , i.e., 

the raw material to be treated with plasma, is kept  in 20 

gaseous form. 

 In this embodiment, since the boiling point of 

anhydrous magnesium chloride is about 650 °C at a p ressure 

of about 10 Pa, the temperature is maintained at ab out 700 °C, 

which is higher than the boiling point. 25 

 However, since the boiling point varies depending on 

the pressure, the set temperature of the temperatur e 

controller 360 is changed according to a change in the set 

pressure in the treatment chamber 301. 

[0069] 30 

 Further, although anhydrous magnesium chloride is used 

as the raw material in the embodiment, magnesium fl uoride or 

the like may also be used as the raw material. In s uch cases 

where magnesium fluoride or the like is used as the  raw 

material, the set temperature of the temperature co ntroller 35 

360 is also changed according to the difference in the raw 
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materials. 

[0070] 

 A reflector 370 is arranged outside the second hea ter 

361 to reflect radiant heat, thereby preventing the  

temperature of the housing 310 from rising high due  to the 5 

radiant heat from the second heater 361. In additio n, a 

cooling pipe 371 is arranged on the outer surface o f the 

housing 310 for the purpose of water cooling. 

[0071] 

 As described above, when the hydrogen generation 10 

material production unit W30 includes a heat insula tor such 

as the reflector 370 that prevents heat conduction so that 

the second heater 361 does not heat an unnecessary place, 

the housing 310 is prevented from getting hot. This  can not 

only suppress the degradation of the packing or the  like 15 

used in some parts of the housing 310, but also inc rease the 

heat retention efficiency, resulting in less power 

consumption. 

[0072] 

 The reflector 370 has, at a position near the cent er 20 

of the upper part, an insertion tube 372 which is i nserted 

into the second space S from the first space F thro ugh the 

opening 311A of the partition plate 311. With this,  hydrogen 

plasma and the gaseous raw material or the like (in cluding 

those in a state of being reduced with plasma) are discharged 25 

from the insertion tube 372 to the second space S. 

[0073] 

 As illustrated in FIG. 2, the hydrogen generation 

material production unit W30 includes, at a positio n facing 

the insertion tube 372, an attachment member 380 to  which 30 

the hydrogen generation material 421 containing a h ydrogen-

containing magnesium compound that generates hydrog en via a 

reaction with a solution (in this example, the aque ous 

solution 411) described later is to be attached. Th e 

attachment member 380 is detachably attached to the  housing 35 

310 so that it can be taken out from the treatment chamber 
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301. 

[0074] 

 As will be described later, the attachment member 380 

is taken out from the treatment chamber 301 to obta in the 

hydrogen generation material 421 attached thereto b y 5 

scraping it off a surface 381 of the attachment mem ber 380. 

[0075] 

 However, the attachment member 380 need not 

necessarily be taken out of the treatment chamber 3 01 to 

obtain the hydrogen generation material 421. 10 

 There may be provided a hydrogen generation materi al 

collector that, when a certain amount of the hydrog en 

generation material 421 has been attached to the su rface 381 

of the attachment member 380, automatically scrapes  it off 

the surface 381 of the attachment member 380 to col lect the 15 

hydrogen generation material 421. 

[0076] 

 Note that the microwave surface-wave plasma is 

characterized in that the temperature of ions and m olecules 

in the plasma is significantly lower (almost room 20 

temperature) than that of what is called thermal pl asma. 

 Therefore, when the attachment member 380 is made of 

a metal (e.g., stainless steel) or the like with ex cellent 

heat resistance and corrosiveness, even if the atta chment 

member 380 is arranged such that the surface 381 is  located 25 

near the insertion tube 372 within the range where there is 

plasma whose emission can be visually observed, it can 

sufficiently withstand the treatment atmosphere. 

[0077] 

 The attachment member 380 is provided with a mediu m 30 

supply port IN to supply a temperature control medi um (e.g., 

outside air as a coolant or water that has passed t hrough a 

cooling device) and a medium outlet port OUT to dis charge 

the temperature control medium. The attachment memb er 380 

has a closed container structure so that the temper ature 35 

control medium does not leak into the second space S of the 
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treatment chamber 301. 

[0078] 

 The hydrogen generation material production unit W 30 

includes, for example, a medium supply unit (e.g., a fan, a 

compressor, etc., not illustrated) to supply the ou tside air 5 

as the temperature control medium into the attachme nt member 

380 through the medium supply port IN. 

 The temperature of the surface 381 of the attachme nt 

member 380, to which the hydrogen generation materi al 421 is 

to be attached, can be controlled to be within a 10 

predetermined temperature range suitable for the at tachment 

of the hydrogen generation material 421 containing a high 

proportion of hydrogen-containing magnesium compoun ds (in 

this example, magnesium hydride) that generate hydr ogen via 

a reaction with a solution (in this example, the aq ueous 15 

solution 411). 

 When the outside air is used as the temperature co ntrol 

medium as described above, the pipe may be connecte d such 

that the medium outlet port OUT is open to the atmo sphere. 

[0079] 20 

 On the other hand, when water or the like is used as 

the temperature control medium, the hydrogen genera tion 

material production unit W30 may be provided with a  cooling 

device (heat exchanger, etc.) having a pump that ci rculates 

the water or the like discharged from the medium di scharge 25 

port OUT to the medium supply port IN as a medium s upply 

unit (not illustrated). 

[0080] 

 In order to increase the hydrogen generation amoun t of 

the hydrogen generation material 421, as described above, it 30 

is preferable that the hydrogen generation material  421 

contain a high proportion of hydrogen-containing ma gnesium 

compounds (specifically, magnesium hydride). 

[0081] 

 That is, it is preferable that the hydrogen genera tion 35 

material 421 attached to the surface 381 of the att achment 
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member 380 do not contain the raw material such as magnesium 

halide (in this example, magnesium chloride) or met allic 

magnesium (Mg). 

[0082] 

 Under the condition where the pressure is about 10  Pa, 5 

magnesium hydride starts to decompose into metallic  

magnesium and hydrogen at a temperature of about 10 0 °C or 

higher. For this reason, in order to efficiently ob tain 

magnesium hydride, it was considered preferable to bring the 

surface 381 of the attachment member 380 to a low t emperature 10 

(e.g., below 80 °C). 

[0083] 

 Therefore, the hydrogen generation material 421 wa s 

made to be attached to the surface 381 while the su rface 381 

was maintained at a low temperature with a temperat ure 15 

control medium. As a result, a tendency was certain ly 

observed that the amount of the hydrogen generation  material 

421 attached per unit time was increased and the hy drogen 

generation material 421 with a high generation rate  of 

hydrogen was obtained. 20 

[0084] 

 However, by maintaining the temperature of the sur face 

381 at a low temperature, the hydrogen generation m aterial 

421 attached to the surface 381 could not be made w hite, 

which is the original color of magnesium hydride, a nd it 25 

still contained metallic magnesium and the like. 

[0085] 

 While repeating the experiment, the inventors foun d 

that the hydrogen generation material 421 attached to the 

surface 381 had a white color and foamed more inten sely than 30 

ever by reaction with water when the temperature of  the 

surface 381 of the attachment member 380 became rel atively 

high. 

 Incidentally, the amount of generated hydrogen was  

measured not only in the foaming state but also in a hydrogen 35 

detector tube. 
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[0086] 

 Therefore, the experiment was proceeded with the 

surface 381 having a high temperature. As a result,  the 

inventors found that it was possible to obtain the hydrogen 

generation material 421 which was whiter and reacte d 5 

vigorously with water when the surface 381 was main tained at 

a temperature in the range of 400 °C to 800 °C. 

[0087] 

 It was found that the temperature was preferably i n 

the range of 450 °C to 750 °C to obtain the hydroge n 10 

generation material 421 which was more whiter and r eacted 

vigorously with water, and more preferably in the r ange of 

450 °C to 600 °C to obtain the hydrogen generation material 

421 which was even more whiter and reacted vigorous ly with 

water. 15 

[0088] 

 This kind of phenomenon is not understandable sinc e, 

considering the equilibrium state, magnesium hydrid e is 

decomposed. 

 However, as described above, the inventors specula te 20 

that this is because highly reactive hydrogen is pr esent as 

the surface 381 is located within the range where t here is 

plasma whose emission can be visually observed, and  the 

reaction to form magnesium hydride proceeds faster than the 

rate at which magnesium hydride is decomposed. 25 

[0089] 

 More accurately, the inventors consider that, in t he 

process of disappearance of magnesium hydride, firs t, it 

undergoes a reaction that makes it decompose into m etallic 

magnesium and hydrogen, and then the metallic magne sium 30 

becomes a gas. 

 The inventors also speculate that the aforemention ed 

presence of highly reactive hydrogen hinders the 

decomposition process into metallic magnesium and h ydrogen, 

and as a result, magnesium hydride can still exist even on 35 

the surface 381 having a high temperature as descri bed above. 
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[0090] 

 Besides, when the temperature reaches above 400 °C  at 

a pressure of about 10 Pa, metallic magnesium begin s to turn 

into a gas, which reduces the proportion of metalli c 

magnesium as an impurity in the hydrogen generation  material 5 

421, or it turns into magnesium hydride. 

 Further, an experimental result has been obtained 

which indicates that, under a pressure of about 10 Pa and a 

temperature of above 400 °C, magnesium hydride is p roduced 

little by little even when plasma is irradiated aft er 10 

magnesium chloride is attached to the surface 381. This shows 

that the magnesium chloride attached to the surface  381 also 

turns into magnesium hydride, resulting in a decrea se in the 

amount of magnesium chloride as an impurity in the hydrogen 

generation material 421. 15 

 It is speculated that the hydrogen generation mate rial 

421 containing a large amount of magnesium hydride can be 

obtained as a consequence of these factors. 

[0091] 

 Therefore, in a treatment at the hydrogen generati on 20 

material production unit W30, preferably, the surfa ce 381 of 

the attachment member 380 is maintained at a temper ature in 

the range of 400 °C to 800 °C, i.e., a predetermine d 

temperature range suitable for the attachment of th e hydrogen 

generation material 421 containing a high proportio n of 25 

hydrogen-containing magnesium compounds (in this ex ample, 

magnesium hydride) that generate hydrogen via a rea ction 

with a solution (in this example, the aqueous solut ion 411). 

[0092] 

 The hydrogen generation material production unit W 30 30 

further includes a relief pipe 390 having a leak va lve 391 

in the middle thereof. One end (not illustrated) of  the 

relief pipe 390 is open to the atmosphere outside t he 

building where the hydrogen generation material pro duction 

unit W30 is installed. 35 

[0093] 
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 The relief pipe 390 is provided to make the treatm ent 

chamber 301 open to the atmosphere as an emergency measure 

when the pressure in the treatment chamber 301 beco mes 

abnormal. The leak valve 391 is normally closed so that air 

cannot enter the treatment chamber 301. 5 

[0094] 

 Next, the process performed by the hydrogen genera tion 

material production unit W30 of this embodiment wil l be 

briefly described. 

 First, as a preparatory step, the decompressor 330  (the 10 

first vacuum pump 332 and the second vacuum pump 33 4) is 

driven to reduce the pressure in the treatment cham ber 301 

to a predetermined set value (e.g., about 10 Pa). 

[0095] 

 Then, the raw material (in this example, anhydrous  15 

magnesium chloride) is irradiated with plasma of hy drogen, 

which is a reactive gas that contains substantially  no oxygen 

atom, in the treatment chamber 301 maintained at a 

temperature at which the raw material is kept in ga seous 

form to produce the hydrogen generation material 42 1. 20 

 Incidentally, the hydrogen generation material 421  

contains a hydrogen-containing magnesium compound ( in this 

example, magnesium hydride) that generates hydrogen  via a 

reaction with a solution (in this example, the aque ous 

solution 411). 25 

 Specifically, plasma ignition is initiated before the 

gaseous raw material is supplied to the treatment c hamber 

301. After that, the supply of the raw material to the 

treatment chamber 301 starts to generate the hydrog en 

generation material 421. 30 

[0096] 

 The surface 381 of the attachment member 380 is 

maintained at a temperature within a predetermined 

temperature range. 

 The predetermined temperature range is the range o f 35 

temperature from 400 °C to 800 °C suitable for the attachment 
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of the hydrogen generation material 421 containing a high 

proportion of hydrogen-containing magnesium compoun ds (in 

this example, magnesium hydride) that generate hydr ogen via 

a reaction with a solution (in this example, the aq ueous 

solution 411). 5 

 As a result, the hydrogen generation material 421 

containing a high proportion of hydrogen-containing  

magnesium compounds (in this example, magnesium hyd ride) 

that generate hydrogen is attached to the surface 3 81 of the 

attachment member 380. 10 

[0097] 

 When a certain amount of the hydrogen generation 

material 421 has been attached to the surface 381 o f the 

attachment member 380, the operation of the hydroge n 

generation material production unit W30 is stopped.  Then, 15 

the attachment member 380 is taken out from the tre atment 

chamber 301 to obtain the hydrogen generation mater ial 421 

attached thereto by scraping it off the surface 381 . 

[0098] 

 As described above, the hydrogen generation materi al 20 

421 may be obtained by using a hydrogen generation material 

collector that collects the hydrogen generation mat erial 421 

attached to the surface 381 to eliminate the need o f taking 

the attachment member 380 out of the treatment cham ber 301. 

[0099] 25 

 The hydrogen generation material 421 thus obtained  is 

sent to the hydrogen generator W40 and stored in a material 

storage 420 of the hydrogen generator W40 (describe d later). 

 Needless to say, there may be provided a transfer 

mechanism to automatically send the material to the  material 30 

storage 420 of the hydrogen generator W40. 

[0100] 

(Hydrogen generator W40) 

 FIG. 3 is a diagram for explaining the hydrogen 

generator W40. 35 

 The hydrogen generator W40 includes the solution 
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storage 410 that stores water as a solution (herein after, 

referred to as the aqueous solution 411) to be reac ted with 

the hydrogen generation material 421 to generate hy drogen 

and serves as a reaction unit for the reaction that  generates 

hydrogen, and the material storage 420 that stores the 5 

hydrogen generation material 421 to be supplied to the 

solution storage 410 as a reaction unit. 

[0101] 

 The material storage 420 has a material supply 

mechanism 430 configured to put the hydrogen genera tion 10 

material 421 stored in the material storage 420 int o the 

solution storage 410 to thereby supply the material . 

[0102] 

 Note that the hydrogen generation material 421 is 

preferably in the form of particles (in the form of  15 

microparticles or nanoparticles) with a small avera ge 

particle diameter in order to enhance the reactivit y with 

the aqueous solution 411. 

[0103] 

 Note, however, that the particles need not necessa rily 20 

be spherical. When the average outer diameter obtai ned by 

averaging the maximum outer diameter of the particl es is 

micrometer order, they can be considered as micropa rticles, 

and if it is smaller than micrometer order (includi ng 

submicron), they can be considered as nanoparticles . 25 

[0104] 

 As described above, the hydrogen generation materi al 

421 may partially contains the raw material (in thi s example, 

magnesium chloride) for producing metallic magnesiu m or 

magnesium hydride. It does not hinder the reaction between 30 

magnesium hydride and the aqueous solution 411. 

[0105] 

 Since the solution storage 410 functions as a reac tion 

unit (also referred to as “reaction chamber”) where  the 

hydrogen generation material 421 reacts with the aq ueous 35 

solution 411, it is configured to form a container having a 
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sealed structure so that the aqueous solution 411 a nd 

hydrogen generated by the reaction or the like do n ot leak 

to the outside. 

[0106] 

 The solution storage 410 is supplied with the aque ous 5 

solution 411 such that an upper space US is formed above the 

aqueous solution 411. Thus, the solution storage 41 0 has the 

upper space US where the aqueous solution 411 does not exist 

above the aqueous solution 411. 

[0107] 10 

 As to the specific structure to form the upper spa ce 

US, the solution storage 410 includes an upper leve l sensor 

412 that is arranged to determine the upper limit p osition 

of the liquid surface LSF of the aqueous solution 4 11 and 

detects the liquid surface LSF, and a lower level s ensor 413 15 

that is arranged to determine the lower limit posit ion of 

the liquid surface LSF of the aqueous solution 411 and 

detects the liquid surface LSF. 

[0108] 

 The solution storage 410 also has a lower space LS  20 

where the aqueous solution 411 exists below the upp er space 

US. The solution storage 410 further includes a par tition 

414 that divides the lower space LS into upper and lower 

parts, a drainage port 415 that is arranged below t he 

partition 414 to drain the aqueous solution 411, an d a supply 25 

port 416 that is arranged above the partition 414 t o supply 

the aqueous solution 411. The partition 414 has a p lurality 

of through holes 414A. 

[0109] 

 The hydrogen generator W40 includes a drainage lin e 30 

415A (also referred to as “drainage pipe”) that is connected 

to the drainage port 415 to drain the aqueous solut ion 411 

from the solution storage 410, and a drainage contr ol valve 

415B that is arranged on the drainage line 415A nea r the 

drainage port 415 to control the drainage of (wheth er or not 35 

to drain) the aqueous solution 411 from the drainag e port 
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415. 

[0110] 

 Similarly, the hydrogen generator W40 includes a 

supply line 416A (also referred to as “supply pipe” ) that is 

connected to the supply port 416 to supply a new aq ueous 5 

solution 411 into the solution storage 410, and a s upply 

control valve 416B that is arranged on the supply l ine 416A 

near the supply port 416 to control the supply of ( whether 

or not to supply) the aqueous solution 411 from the  supply 

port 416. 10 

[0111] 

 With this, at a predetermined timing for supply an d 

drainage (described later), first, a control unit o f the 

hydrogen generator W40 (hereinafter, simply referre d to as 

“control unit”) (not illustrated) opens the drainag e control 15 

valve 415B to drain the aqueous solution 411 from t he 

solution storage 410. 

 After that, the control unit closes the drainage 

control valve 415B and opens the supply control val ve 416B 

to supply the aqueous solution 411 into the solutio n storage 20 

410 such that the liquid surface LSF of the aqueous  solution 

411 is located between the upper level sensor 412 a nd the 

lower level sensor 413. 

 Then, the control unit closes the supply control v alve 

416B. 25 

[0112] 

 For example, at the time of draining, the control unit 

drains the aqueous solution 411 to the extent that the liquid 

surface LSF of the aqueous solution 411 lowers to t he 

position of the partition 414 based on that the low er level 30 

sensor 413 detects the liquid surface LSF of the aq ueous 

solution 411. 

[0113] 

 Specifically, since the drainage amount per unit t ime 

when the drainage control valve 415B is opened can be checked 35 

in advance, the control unit can close the drainage  control 



31 
 

valve 415B after the lapse of time required for dra ining the 

aqueous solution 411 in an amount necessary to lowe r the 

liquid surface LSF of the aqueous solution 411 to t he 

position of the partition 414 from when the lower l evel 

sensor 413 detects the liquid surface LSF of the aq ueous 5 

solution 411 as a start point. 

[0114] 

 In addition, the control unit may be configured to  

start the supply of the aqueous solution 411 after the 

drainage of the aqueous solution 411 is completed, and stop 10 

it when the aqueous solution 411 has been supplied to the 

extent that the liquid surface LSF of the aqueous s olution 

411 is located between the upper level sensor 412 a nd the 

lower level sensor 413 based on that the lower leve l sensor 

413 detects the liquid surface LSF of the aqueous s olution 15 

411. 

 As the liquid surface LSF of the aqueous solution 411 

is located between the upper level sensor 412 and t he lower 

level sensor 413, the solution storage 410 can be p rovided 

with the upper space US where the aqueous solution 411 does 20 

not exist above the aqueous solution 411. 

[0115] 

 Specifically, since the supply amount per unit tim e 

when the supply control valve 416B is opened can be  checked 

in advance, the control unit can close the supply c ontrol 25 

valve 416B after the lapse of time required for sup plying 

the aqueous solution 411 in an amount necessary to position 

the liquid surface LSF of the aqueous solution 411 between 

the upper level sensor 412 and the lower level sens or 413 

from when the lower level sensor 413 detects the li quid 30 

surface LSF of the aqueous solution 411 as a start point. 

[0116] 

 When the upper level sensor 412 detects the liquid  

surface LSF of the aqueous solution 411 at a timing  other 

than the predetermined timing for supply and draina ge, the 35 

control unit (not illustrated) opens the drainage c ontrol 
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valve 415B to drain the aqueous solution 411, and c loses it 

after the aqueous solution 411 has been drained to the extent 

that the liquid surface LSF of the aqueous solution  411 is 

located between the upper level sensor 412 and the lower 

level sensor 413. 5 

[0117] 

 On the other hand, when the lower level sensor 413  

detects the liquid surface LSF of the aqueous solut ion 411 

at a timing other than the predetermined timing for  supply 

and drainage, the control unit (not illustrated) op ens the 10 

supply control valve 416B to supply the aqueous sol ution 411, 

and closes it after the aqueous solution 411 has be en 

supplied to the extent that the liquid surface LSF of the 

aqueous solution 411 is located between the upper l evel 

sensor 412 and the lower level sensor 413. 15 

[0118] 

 The inner diameter of the above-mentioned through 

holes 414A of the partition 414 is set to a size th at does 

not hinder the passage of a by-product such as magn esium 

hydroxide produced by the reaction between the hydr ogen 20 

generation material 421 and the aqueous solution 41 1. 

[0119] 

 That is, the partition 414 is provided with the th rough 

holes 414A having an inner diameter that allows the  passage 

of a by-product such as magnesium hydroxide produce d by the 25 

reaction between the hydrogen generation material 4 21 and 

the aqueous solution 411 so that the by-product can  be 

deposited below the partition 414. 

[0120] 

 As a result, the aqueous solution 411 containing a  high 30 

concentration of the by-product is drained from the  drainage 

port 415 located below the partition 414. The drain age is 

supplied to the by-product acquisition unit W10 (de scribed 

later) as a post-reaction solution (also referred t o as 

“post-reaction aqueous solution 411A”), which is th e 35 

solution after reacting with the hydrogen generatio n 
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material 421 containing a hydrogen-containing magne sium 

compound that generates hydrogen via a reaction wit h the 

aqueous solution 411 (solution). 

[0121] 

 Further, as illustrated in FIG. 3, the hydrogen 5 

generator W40 includes a stirring mechanism 440 tha t stirs 

the aqueous solution 411 above the partition 414. 

[0122] 

 Specifically, the stirring mechanism 440 includes a 

motor 441 arranged outside the upper wall of the so lution 10 

storage 410, a propeller 442 located in the aqueous  solution 

411 above the partition 414 to stir the aqueous sol ution 411, 

and a shaft 443 that transmits the rotational force  of the 

motor 441 to the propeller 442 and rotates the prop eller 442 

to stir the aqueous solution 411. 15 

 Note that the insertion part, where the shaft 443 is 

inserted into the solution storage 410, has an airt ight 

structure that does not hinder the rotation and can  maintain 

the airtightness. 

[0123] 20 

 The stirring mechanism 440 is provided to prevent the 

hydrogen generation material 421 that has not react ed with 

the aqueous solution 411 from accumulating on the p artition 

414. However, in the embodiment, the hydrogen gener ation 

material 421 is put into the aqueous solution 411 s tored in 25 

advance. Therefore, the hydrogen generation materia l 421 

efficiently diffuses into the aqueous solution 411,  which 

facilitates the reaction that generates hydrogen. T herefore, 

the stirring mechanism 440 is not necessarily requi red. 

[0124] 30 

 The control unit (not illustrated) regularly drive s 

the stirring mechanism 440 to promote the reaction between 

the hydrogen generation material 421 and the aqueou s solution 

411. 

 The stirring mechanism 440 may be constantly drive n; 35 

however, by regularly driving the stirring mechanis m 440, 
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the by-product can be easily deposited below the pa rtition 

414. 

 This results in a decrease in the concentration of  the 

by-product contained in the aqueous solution 411 ab ove the 

partition 414, thereby increasing the reaction effi ciency 5 

between the hydrogen generation material 421 and th e aqueous 

solution 411. 

[0125] 

 In addition, the presence of the partition 414 can  

suppress an increase in the concentration of the by -product 10 

contained in the aqueous solution 411 above the par tition 

414 caused by that the by-product that has deposite d below 

the partition 414 is stirred up when the stirring m echanism 

440 is driven. Thus, it is possible to prevent a de crease in 

the efficiency of the reaction between the hydrogen  15 

generation material 421 and the aqueous solution 41 1 due to 

driving the stirring mechanism 440. 

[0126] 

 The hydrogen generator W40 further includes an 

emergency exhaust line 450 (also referred to as “em ergency 20 

exhaust pipe”) that is connected to the solution st orage 410 

so as to communicate with the upper space US, a sol enoid 

valve 451 that is arranged on the emergency exhaust  line 450 

in a position near the part that communicates with the upper 

space US to control whether or not to perform emerg ency 25 

exhaust, and a pressure measuring device 452 (e.g.,  a digital 

manostar gauge) that is connected to the emergency exhaust 

line 450 in a position between the solenoid valve 4 51 and 

the solution storage 410 to measure the pressure in  the upper 

space US. 30 

[0127] 

 When the pressure measuring device 452 measures th e 

pressure in the upper space US and the measurement result 

indicates an abnormally high pressure, the control unit (not 

illustrated) opens the solenoid valve 451 to perfor m step-35 

down control so that the pressure in the upper spac e US 
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becomes a predetermined first pressure (required pr imary 

pressure). 

 After it becomes the predetermined first pressure 

(required primary pressure), the solenoid valve 451  is closed 

again under the control of the control unit (not il lustrated). 5 

[0128] 

 The material storage 420 has a work door 422 on th e 

upper side, which is opened and closed for filling the 

storage with the hydrogen generation material 421; however, 

it is configured to form a container having a seale d 10 

structure once the work door 422 is closed. 

[0129] 

 In addition, the material storage 420 is provided with 

a distance measuring device 424 (e.g., a displaceme nt sensor) 

that is arranged adjacent to the work door 422 on t he upper 15 

side to measure the distance to the surface of the hydrogen 

generation material 421 stored therein. The time to  add the 

hydrogen generation material 421 can be figured out  based on 

an increase in the distance to the hydrogen generat ion 

material 421 measured by the distance measuring dev ice 424. 20 

[0130] 

 Note that the surface of the hydrogen generation 

material 421 is not always nearly flat like the aqu eous 

solution 411; however, it can be kept relatively fl at since 

vibration or the like occurs across the hydrogen ge neration 25 

material 421 by the driving of the material supply mechanism 

430 (described later). 

 Therefore, the distance to the hydrogen generation  

material 421 measured by the distance measuring dev ice 424 

provides an indication of the time to add the hydro gen 30 

generation material 421. 

[0131] 

 However, as will be described later, in the embodi ment, 

the amount of the hydrogen generation material 421 supplied 

to the aqueous solution 411 can be identified. Ther efore, 35 

the hydrogen generation material 421 may be added b ased on 
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that the amount of the hydrogen generation material  421 

supplied to the aqueous solution 411 has reached a 

predetermined amount. In this case, the distance me asuring 

device 424 is not required. 

[0132] 5 

 The material storage 420 is arranged such that at least 

part of the bottom wall is in close contact with th e outside 

of the upper wall of the solution storage 410. In t hat part 

of the bottom wall in close contact, the material s torage 

420 has a material supply hole 423, which is formed  to 10 

penetrate the bottom wall, to supply the hydrogen g eneration 

material 421 into the solution storage 410. 

[0133] 

 Similarly, the solution storage 410 has a material  

receiving hole 417, which penetrates the upper wall , to 15 

receive the hydrogen generation material 421 in a p osition 

corresponding to the material supply hole 423 of th e material 

storage 420. 

[0134] 

 The material supply mechanism 430 is arranged in t he 20 

material storage 420. 

 Specifically, the material supply mechanism 430 

includes a motor 431 that is located inside the upp er wall 

of the material storage 420, a disk 432 that is arr anged 

adjacent to the inside of the bottom wall of the ma terial 25 

storage 420 to convey the hydrogen generation mater ial 421 

to the position of the material supply hole 423, an d a shaft 

433 that transmits the rotational force of the moto r 431 to 

the disk 432, thereby rotating the disk 432. 

[0135] 30 

 Although not illustrated, the material storage 420  is 

formed of an assembly of a bottom part and an upper  part 

that are separable from each other so that the mate rial 

supply mechanism 430 can be built therein. 

[0136] 35 

 Besides, as illustrated in the perspective view of  the 
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disk 432 surrounded by a dotted line frame on the l eft side 

of FIG. 3, the disk 432 has a pair of through holes  (a 

through hole 432A and a through hole 432B) formed t o face 

each other across the rotation center O in position s at 

substantially the same distance from the rotation c enter O. 5 

[0137] 

 As can be seen from FIG. 3, the material storage 4 20 

has a laterally recessed portion for receiving part  of the 

disk 432 in a position above the material supply ho le 423. 

The inner surface of the recessed portion is adjace nt to the 10 

upper opening of the through hole (see the through hole 432B) 

of the disk 432 located in the recessed portion, th ereby 

almost closing the opening. 

[0138] 

 Accordingly, when the opening of the through hole (see 15 

the through hole 432B) of the disk 432 is located a bove the 

material supply hole 423, the opening is almost clo sed to 

the gas (mainly hydrogen) in the upper space US try ing to 

enter the material storage 420. 

 As a result, the gas (mainly hydrogen) in the uppe r 20 

space US cannot enter the material storage 420. 

[0139] 

 On the other hand, when the through hole (the thro ugh 

hole 432A, the through hole 432B) of the disk 432 i s located 

in a place other than the laterally recessed portio n for 25 

receiving part of the disk 432 (e.g., see the posit ion of 

the through hole 432A), the hydrogen generation mat erial 421 

enters into the through hole (see the through hole 432A). 

 Further, when the through hole (the through hole 4 32A, 

the through hole 432B) is positioned in the lateral ly 30 

recessed portion for receiving part of the disk 432  (see the 

position of the through hole 432B) as the disk 432 rotates, 

the hydrogen generation material 421 filled in the through 

hole (the through hole 432A, the through hole 432B)  is 

supplied through the material supply hole 423 and t he 35 

material receiving hole 417 to the aqueous solution  411 from 
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the upper space US side. 

[0140] 

 In the embodiment, the hydrogen generator W40 incl udes 

a pressure measuring device 461 (e.g., a digital ma nostar 

gauge) that measures the pressure in the upper spac e US1 5 

where the hydrogen generation material 421 does not  exist 

above the hydrogen generation material 421 in the m aterial 

storage 420, a gas supply line 462 (also referred t o as “gas 

supply pipe”) that supplies a gas (e.g., a low acti ve gas 

such as nitrogen with a low dew point or an inert g as such 10 

as helium and argon with a low dew point) to the up per space 

US1, and a solenoid valve 463 that is arranged on t he gas 

supply line 462 to control whether or not to supply  the gas 

to the upper space US1. 

[0141] 15 

 The control unit (not illustrated) controls the 

open/close of the solenoid valve 463 to set the pre ssure in 

the upper space US1 to a predetermined value (e.g.,  a 

pressure similar to that in the upper space US of t he 

solution storage 410) based on the measurement resu lt 20 

obtained by the pressure measuring device 461 that measures 

the pressure in the upper space US1. 

[0142] 

 Although not illustrated, the hydrogen generator W 40 

includes a gas exhaust line (also referred to as “g as supply 25 

pipe”) to exhaust gas in the upper space US1, and a  solenoid 

valve to control whether or not to exhaust gas in t he upper 

space US1 through the gas exhaust line. 

[0143] 

 Therefore, more accurately, the control unit (not 30 

illustrated) controls the above-mentioned solenoid valve 463 

and the solenoid valve that controls whether or not  to 

exhaust gas to set the pressure in the upper space US1 to a 

predetermined value (e.g., a pressure similar to th at in the 

upper space US of the solution storage 410). 35 

[0144] 
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 Since the pressure in the upper space US1 is incre ased, 

the gas (mainly hydrogen) in the upper space US can  be 

further prevented from entering the material storag e 420. In 

addition, when the through hole (the through hole 4 32A, the 

through hole 432B) of the disk 432 is located in a place 5 

other than the laterally recessed portion for recei ving part 

of the disk 432 (e.g., see the position of the thro ugh hole 

432A), the hydrogen generation material 421 efficie ntly 

enters into the through hole (the through hole 432A , the 

through hole 432B). 10 

[0145] 

 In the embodiment, when the through hole (the thro ugh 

hole 432A, the through hole 432B) is positioned in the 

laterally recessed portion for receiving part of th e disk 

432, the hydrogen generation material 421 filled in  the 15 

through hole (the through hole 432A, the through ho le 432B) 

falls under its own weight through the material sup ply hole 

423 and the material receiving hole 417 into the aq ueous 

solution 411 from the upper space US side, and is t hereby 

fed (supplied) to the aqueous solution 411. 20 

[0146] 

 The hydrogen generator W40 may be provided with a 

material push mechanism that inserts a rod-shaped m ember 

into the through hole (the through hole 432A, the t hrough 

hole 432B) located directly above the material supp ly hole 25 

423 and the material receiving hole 417 to force th e hydrogen 

generation material 421 out of the through hole (th e through 

hole 432A, the through hole 432B). With this, the h ydrogen 

generation material 421 can be reliably fed (suppli ed) to 

the aqueous solution 411. 30 

[0147] 

 In the case of using such a material push mechanis m, 

the following operation is repeated: the rotation o f the 

disk 432 is stopped when the through hole (the thro ugh hole 

432A, the through hole 432B) is positioned directly  above 35 

the material supply hole 423 and the material recei ving hole 
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417, a rod-shaped member is inserted into the throu gh hole 

(the through hole 432A, the through hole 432B) to p ush 

(supply) the hydrogen generation material 421 towar d the 

aqueous solution 411, then the rod-shaped member is  taken 

out of the through hole (the through hole 432A, the  through 5 

hole 432B), and the disk 432 is rotated again. 

[0148] 

 In the embodiment, as described above, a pair of 

through holes (the through hole 432A, the through h ole 432B) 

are formed to face each other across the rotation c enter O 10 

in positions at substantially the same distance fro m the 

rotation center O. However, it is not so limited. 

[0149] 

 For example, in positions at substantially the sam e 

distance from the rotation center O, three through holes of 15 

the same size may be arranged at equal intervals in  the 

rotation direction of the disk 432 (in this case, t he angle 

(pitch) between adjacent through holes is 120° as v iewed in 

the circumferential direction of the disk 432), or four 

through holes may be arranged at equal intervals in  the 20 

rotation direction (in this case, the angle (pitch)  between 

adjacent through holes is 90° as viewed in the 

circumferential direction of the disk 432). 

[0150] 

 Meanwhile, it is not a problem even if there is on ly 25 

one through hole. The hydrogen generation material 421 can 

be supplied to the aqueous solution 411 by a contro l to 

position the through hole alternately in the latera lly 

recessed portion for receiving part of the disk 432  and 

another place. 30 

[0151] 

 Note that if the number of through holes increases , it 

becomes difficult to form the laterally recessed po rtion for 

receiving part of the disk 432. Therefore, the numb er of 

through holes is preferably up to 4. 35 

[0152] 
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 The through hole may have a size selected to allow  the 

supply of the hydrogen generation material 421 acco rding to 

the amount of hydrogen to be generated. 

 For example, the mass of magnesium hydride (weight  per 

1 mol) is 26.32 g/mol, and the density of magnesium  hydride 5 

is about 2.36 g/cm 3. Therefore, when the hydrogen generation 

material 421 consisting of magnesium hydride having  a volume 

of nearly 11.2 cm 3 (about 1 mol) is put into the aqueous 

solution 411, almost 45 liters (about 2 mol) of hyd rogen is 

generated in the standard state. 10 

[0153] 

 Considering that the hydrogen gas turbine power 

generation device GNT that generates power of about  10 MW 

uses about 0.06 billion m 3/year of hydrogen, about 114 m 3 of 

hydrogen is required per minute. As an example, the  through 15 

hole corresponding to this is as follows. 

[0154] 

 Assuming dimensions where, for example, the disk 4 32 

has a thickness of about 10 cm and a diameter of ab out 70 

cm, and the through hole with a diameter of about 2 1 cm is 20 

formed such that its inner end is located at a posi tion 

offset by about 10 cm from the rotation center O (t he center 

of the through hole is offset by about 20.5 cm from  the 

rotation center O), the volume of the through hole is nearly 

3346 cm 3. 25 

[0155] 

 Therefore, the through hole having the above dimen sion 

can be filled with about 300 mol (= 3346 [cm 3]/11.2 [cm 3]) 

of the hydrogen generation material 421. When this amount of 

the hydrogen generation material 421 consisting of magnesium 30 

hydride is put into the aqueous solution 411, about  600 mol 

(about 13.4 m 3) of hydrogen is generated. 

[0156] 

 In the case where the disk 432 has two through hol es 

such as the through hole 432A and the through hole 432B of 35 

the embodiment, the hydrogen generation material 42 1 is 
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supplied from the through holes to the aqueous solu tion 411 

twice per rotation (once from the through hole 432A  and once 

from the through hole 432B). 

 For example, when the disk 432 rotates once every 12 

seconds (5 rotations per minute), the hydrogen gene ration 5 

material 421 is supplied to the aqueous solution 41 1 10 times 

per minute. 

 Thus, it is possible to supply the hydrogen genera tion 

material 421 sufficient to generate more than 114 m 3 of 

hydrogen (about 134 m 3) per minute. 10 

[0157] 

 Therefore, in the case of a small-sized hydrogen g as 

turbine power generation device GNT (about 10,000 K W), if 

the disk 432 is provided with two through holes, th e required 

volume of the through holes may be less than 3346 c m3. 15 

[0158] 

 However, if the power generation device GNT has a 

larger electricity-generating capacity, it needs mo re supply 

of the hydrogen generation material 421. Therefore,  assuming 

the power generation device GNT with an electricity -20 

generating capacity of about 10 times, the through holes 

have preferably a volume of nearly 33460 cm 3. 

[0159] 

 Accordingly, it is preferable that the volume of t he 

through holes be set to about 3000 cm 3 to 35000 cm 3. 25 

 Considering this, it is preferable that the materi al 

supply mechanism 430 be capable of feeding (supplyi ng) the 

aqueous solution 411 with the hydrogen generation m aterial 

421 sufficient to generate about 100 m 3 to 1000 m 3 of hydrogen 

per minute. 30 

[0160] 

 Note that the material supply mechanism 430 descri bed 

above is only an example. The material supply mecha nism 430 

can be configured otherwise as long as it is arrang ed so 

that the hydrogen generation material 421 can be su pplied to 35 

the aqueous solution 411 from the upper space US si de, and 
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configured to be able to supply the hydrogen genera tion 

material 421 to the aqueous solution 411 from the u pper space 

US side. 

[0161] 

 In the embodiment, the control unit (not illustrat ed) 5 

drives the motor 431 of the material supply mechani sm 430 

based on the measurement result obtained by the pre ssure 

measuring device 452 that measures the pressure in the upper 

space US of the solution storage 410 to control the  amount 

of the hydrogen generation material 421 fed (suppli ed) to 10 

the aqueous solution 411 so that the pressure in th e upper 

space US is set to the predetermined first pressure  (required 

primary pressure). 

[0162] 

 In this manner, the control unit (not illustrated)  15 

controls the amount of the hydrogen generation mate rial 421 

fed (supplied) to the aqueous solution 411. Thus, t he control 

unit (not illustrated) can figure out the amount of  the 

hydrogen generation material 421 that has been supp lied to 

the aqueous solution 411. 20 

 Accordingly, the control unit can predict an incre ase 

in the concentration of the by-product such as magn esium 

hydroxide contained in the aqueous solution 411 bas ed on the 

total amount of the hydrogen generation material 42 1 supplied 

to the aqueous solution 411 (e.g., the prediction m ay be 25 

made based on data on concentration changes experim entally 

collected). 

 Note that, instead of such an experimental method,  an 

increase in the content concentration of the by-pro duct can 

be predicted by a theoretical calculation. 30 

[0163] 

 As described above, the control unit (not illustra ted) 

controls the drainage control valve 415B and the su pply 

control valve 416B based on the amount of the hydro gen 

generation material 421 fed (supplied) to the aqueo us 35 

solution 411. Thereby, in this embodiment, the cont rol unit 
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controls the concentration of the by-product contai ned in 

the aqueous solution 411 not to become excessively high so 

that the reaction efficiency between the hydrogen g eneration 

material 421 and the aqueous solution 411 does not decrease. 

[0164] 5 

 As illustrated in FIG. 3, the solution storage 410  has 

a hydrogen discharge port 418 to discharge hydrogen  in the 

upper space US toward the power generator PG (more 

specifically, the power generation device GNT (not 

illustrated)) of the power generation system PGS (s ee FIG. 10 

1). Meanwhile, the power generation system PGS incl udes a 

hydrogen supply unit S70 (also referred to as “hydr ogen 

supply pipe”) that is connected to the hydrogen dis charge 

port 418 and supplies hydrogen generated in the sol ution 

storage 410 to the power generation device GNT (not  15 

illustrated). 

[0165] 

 The power generation system PGS also includes a 

solenoid valve S71 that is located in a position ne ar the 

hydrogen discharge port 418 on the hydrogen supply unit S70 20 

to control whether or not to discharge hydrogen fro m the 

hydrogen discharge port 418, a pressure reducing va lve S72 

that is located farther from the hydrogen discharge  port 418 

than the solenoid valve S71 on the hydrogen supply unit S70, 

and a solenoid valve S73 that is located farther fr om the 25 

hydrogen discharge port 418 than the pressure reduc ing valve 

S72 on the hydrogen supply unit S70. 

[0166] 

 The pressure reducing valve S72 is intended to red uce 

the pressure of hydrogen from the predetermined fir st 30 

pressure (required primary pressure) in the upper s pace US 

to a predetermined second pressure (required second ary 

pressure) for supplying hydrogen to the power gener ator PG 

(more specifically, the power generation device GNT  (not 

illustrated)) of the power generation system PGS. 35 

[0167] 
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 The power generation system PGS further includes a  

buffer mechanism BF that stores hydrogen available to be 

supplied to the power generator PG (more specifical ly, the 

power generation device GNT (not illustrated)) of t he power 

generation system PGS. 5 

[0168] 

 Specifically, the buffer mechanism BF includes a 

buffer tank B80, a draw-in branch line B81 (also re ferred to 

as “branch pipe”) one end of which is connected to a position 

between the pressure reducing valve S72 and the sol enoid 10 

valve S73 of the hydrogen supply unit S70 and the o ther end 

is connected to the buffer tank B80 to draw hydroge n into 

the buffer tank B80, a booster B82 located on the d raw-in 

branch line B81, and a solenoid valve B83 located b etween 

the booster B82 and the buffer tank B80 on the draw -in branch 15 

line B81. 

[0169] 

 The buffer mechanism BF further includes a return line 

B84 (also referred to as “return pipe”) one end of which is 

connected to the buffer tank B80 and the other end is 20 

connected to a position on the hydrogen supply unit  S70 

closer to the power generator PG (more specifically , the 

power generation device GNT (not illustrated)) of t he power 

generation system PGS than the solenoid valve S73 t o return 

hydrogen from the buffer tank B80 to the hydrogen s upply 25 

unit S70, a solenoid valve B85 located on the retur n line 

B84, and a pressure reducing valve B86 located betw een the 

solenoid valve B85 and the hydrogen supply unit S70  on the 

return line B84. 

[0170] 30 

 Similarly to the pressure reducing valve S72, the 

pressure reducing valve B86 is intended to reduce t he 

pressure of hydrogen from the pressure in the buffe r tank 

B80 (described later) to the predetermined second p ressure 

(required secondary pressure) for supplying hydroge n to the 35 

power generator PG (more specifically, the power ge neration 
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device GNT (not illustrated)) of the power generati on system 

PGS. 

[0171] 

 The buffer mechanism BF is filled with hydrogen wh en 

there is no demand for the supply of hydrogen from the power 5 

generator PG (more specifically, the power generati on device 

GNT (not illustrated)) of the power generation syst em PGS. 

[0172] 

 Specifically, the control unit (not illustrated) 

controls the solenoid valve S71 and the solenoid va lve B83 10 

to open, and the solenoid valve S73 and the solenoi d valve 

B85 to close. In addition, the control unit control s the 

drive of the booster B82 as well as controlling the  hydrogen 

generator W40 to generate hydrogen. 

[0173] 15 

 Accordingly, the hydrogen generated in the hydroge n 

generator W40 is supplied to the draw-in branch lin e B81 at 

the predetermined second pressure (required seconda ry 

pressure) by virtue of the pressure reducing valve S72. 

However, since the pressure is increased by the boo ster B82, 20 

the buffer tank B80 can be filled with hydrogen suc h that 

the pressure in the buffer tank B80 becomes the sam e as the 

predetermined first pressure (required primary pres sure) in 

the upper space US or a predetermined third pressur e higher 

than the first pressure. 25 

[0174] 

 The buffer mechanism BF includes a pressure measur ing 

device B87 (e.g., a digital manostar gauge) that me asures 

the pressure inside the buffer tank B80. 

 The above process of filling the buffer tank B80 w ith 30 

hydrogen is performed based on the pressure in the buffer 

tank B80 measured by the pressure measuring device B87 such 

that the pressure becomes the first pressure or the  

predetermined third pressure higher than the first pressure. 

 For example, when the measured pressure becomes th e 35 

target pressure, the drive of the hydrogen generato r W40 is 
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stopped, and the solenoid valves S71 and B83 are cl osed. 

[0175] 

 The buffer mechanism BF further includes a connect ion 

line B88 (also referred to as “connection pipe”) th at 

connects the buffer tank B80 and the emergency exha ust line 5 

450, and a solenoid valve B89 that is arranged on t he 

connection line B88 to control whether or not to pe rform 

emergency exhaust. 

 When the pressure measuring device B87 measures th e 

pressure in the buffer tank B80 and the measurement  result 10 

indicates an abnormally high pressure, the control unit (not 

illustrated) opens the solenoid valve B89 to perfor m step-

down control so that the pressure in the buffer tan k B80 

becomes the aforementioned first pressure or the 

predetermined third pressure higher than the first pressure. 15 

[0176] 

 Although, in the embodiment, the buffer mechanism BF 

is described as being branched from the hydrogen su pply unit 

S70, it may be arranged on the hydrogen supply unit  S70. 

[0177] 20 

 For example, as a modification of the buffer mecha nism 

BF, without the solenoid valve S71, only the buffer  tank B80 

may be arranged closer to the solution storage 410 than the 

solenoid valve S73 on the hydrogen supply unit S70,  and the 

pressure reducing valve S72 may be arranged closer to the 25 

power generator PG (more specifically, the power ge neration 

device GNT (not illustrated)) of the power generati on system 

PGS than the solenoid valve S73 on the hydrogen sup ply unit 

S70. 

[0178] 30 

 In this case, hydrogen generated in the solution 

storage 410 is always supplied to the power generat or PG 

(more specifically, the power generation device GNT  (not 

illustrated)) of the power generation system PGS th rough the 

buffer mechanism BF. 35 

[0179] 
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 In this modification of the buffer mechanism BF, t he 

pressure in the buffer tank B80 is the same as the pressure 

in the solution storage 410. Therefore, emergency e xhaust 

may be performed with the same configuration for em ergency 

exhaust as in the solution storage 410 described ab ove. 5 

[0180] 

 Besides, the control of the buffer mechanism BF ma y be 

presumably simpler if it is performed by the contro l unit of 

the hydrogen generator W40. Therefore, the hydrogen  

generator W40 may include the buffer mechanism BF, and part 10 

of the hydrogen supply unit S70 required in relatio n to the 

buffer mechanism BF. 

[0181] 

 Next, the operation of the power generation system  PGS 

configured as above will be described. 15 

 Since the detailed operation can be fully understo od 

from the above description, only the main operation  will be 

described below. 

 In the following description, it is assumed that t he 

buffer tank B80 is already filled with hydrogen. 20 

[0182] 

 For example, when the hydrogen generator W40 recei ves 

a request (command) to supply hydrogen from the pow er 

generator PG (more specifically, the power generati on device 

GNT (not illustrated)) of the power generation syst em PGS, 25 

the control unit of the hydrogen generator W40 chec ks the 

pressure in the upper space US of the solution stor age 410. 

 Then, if the pressure in the upper space US is aro und 

the predetermined first pressure (required primary pressure), 

the control unit opens the solenoid valves S71 and S73 to 30 

start the supply of hydrogen to the power generator  PG (more 

specifically, the power generation device GNT (not 

illustrated)) of the power generation system PGS. T he control 

unit also controls the drive of the material supply  mechanism 

430 to maintain the pressure in the upper space US of the 35 

solution storage 410, which is reduced by the suppl y of 
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hydrogen, at the predetermined first pressure (requ ired 

primary pressure). 

[0183] 

 On the other hand, when the pressure is too low in  the 

upper space US of the solution storage 410 as a res ult of 5 

checking it, the control unit of the hydrogen gener ator W40 

opens the solenoid valve B85 to supply hydrogen in the buffer 

tank B80 to the power generator PG (more specifical ly, the 

power generation device GNT (not illustrated)) of t he power 

generation system PGS. The control unit also contro ls the 10 

drive of the material supply mechanism 430 to set t he 

pressure in the upper space US of the solution stor age 410 

to the predetermined first pressure (required prima ry 

pressure). 

[0184] 15 

 In this embodiment, the hydrogen generation materi al 

421 is supplied to a large amount of the aqueous so lution 

411 stored in the solution storage 410. Therefore, even if 

the reaction between the hydrogen generation materi al 421 

and the aqueous solution 411 produces a by-product such as 20 

magnesium hydroxide or the like, the by-product qui ckly 

diffuses into the aqueous solution 411. 

 For this reason, the reaction proceeds efficiently  and 

promptly without being hindered. Thus, the pressure  in the 

upper space US of the solution storage 410 can be s et to the 25 

predetermined first pressure (required primary pres sure) in 

a short time. 

[0185] 

 When the pressure in the upper space US of the sol ution 

storage 410 reaches the predetermined first pressur e 30 

(required primary pressure), the control unit of th e hydrogen 

generator W40 opens the solenoid valves S71 and S73 , and 

closes the solenoid valve B85 to switch the supply source of 

hydrogen to the power generator PG (more specifical ly, the 

power generation device GNT (not illustrated)) of t he power 35 

generation system PGS from the buffer tank B80 to t he 
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solution storage 410. 

[0186] 

 In the embodiment, the hydrogen generation materia l 

421 and the aqueous solution 411 react efficiently as 

described above, which facilitates the control to s uppress 5 

a decrease in the pressure in the upper space US of  the 

solution storage 410 due to the supply of hydrogen to the 

power generator PG (more specifically, the power ge neration 

device GNT (not illustrated)) of the power generati on system 

PGS. 10 

[0187] 

 Further, since the hydrogen generation material 42 1 is 

supplied to the aqueous solution 411 in an amount s ufficient 

for a rapid reaction with the hydrogen generation m aterial 

421, the reaction is not hindered by by-products of  the 15 

reaction. Thus, the high reaction efficiency can be  sustained 

continuously. 

[0188] 

 If the pressure in the upper space US of the solut ion 

storage 410 is likely to drop to a level not suitab le for 20 

the supply of hydrogen for some reason while supply ing 

hydrogen from the solution storage 410 to the power  generator 

PG (more specifically, the power generation device GNT (not 

illustrated)) of the power generation system PGS, t he control 

unit of the hydrogen generator W40 closes the solen oid valve 25 

S71 and opens the solenoid valve B85 again. 

 In this manner, the control unit restores the pres sure 

in the upper space US of the solution storage 410 w ithout 

stopping the supply of hydrogen to the power genera tor PG 

(more specifically, the power generation device GNT  (not 30 

illustrated)) of the power generation system PGS. 

[0189] 

 Upon receipt of a request (command) to stop the su pply 

of hydrogen from the power generator PG (more speci fically, 

the power generation device GNT (not illustrated)) of the 35 

power generation system PGS, the control unit of th e hydrogen 
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generator W40 checks the pressure in the buffer tan k B80 

before stopping the operation of the hydrogen gener ator W40. 

If the buffer tank B80 needs to be refilled with hy drogen, 

the control unit refills it with hydrogen, and then  stops 

the operation of the hydrogen generator W40. 5 

 On the other hand, when the buffer tank B80 does n ot 

need to be filled with hydrogen, the control unit o f the 

hydrogen generator W40 stops the operation of the h ydrogen 

generator W40 without refilling it with hydrogen. 

[0190] 10 

 In the embodiment, the presence of the buffer mech anism 

BF further increases the promptness in the supply o f hydrogen 

at the start of supplying hydrogen to the power gen erator PG 

(more specifically, the power generation device GNT  (not 

illustrated)) of the power generation system PGS an d the 15 

stability in the supply amount of hydrogen during t he supply 

of hydrogen. 

[0191] 

 However, in the embodiment, the hydrogen generatio n 

material 421 is supplied to a large amount of the a queous 20 

solution 411 stored in the solution storage 410 as described 

above. 

 Due to this, the hydrogen generation material 421 and 

the aqueous solution 411 react with high efficiency , which 

facilitates the generation of the required amount o f hydrogen 25 

at the start of supplying hydrogen to the power gen erator PG 

(more specifically, the power generation device GNT  (not 

illustrated)) of the power generation system PGS as  well as 

achieving high controllability on the supply amount  of 

hydrogen during the supply of hydrogen. 30 

 Therefore, in this embodiment, the buffer mechanis m BF 

need not necessarily be required, and the buffer me chanism 

BF may be omitted. 

[0192] 

(By-product acquisition unit W10) 35 

 FIG. 4 is a diagram for explaining the by-product 
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acquisition unit W10. 

 As described above, the drainage from the hydrogen  

generator W40 contains a high concentration of the by-product 

116 including more than one type of oxygen-containi ng 

magnesium compound (mainly magnesium hydroxide) tha t 5 

contains oxygen produced by the reaction between th e hydrogen 

generation material 421 and the aqueous solution 41 1 

(solution). 

[0193] 

 The by-product acquisition unit W10 is a component  that 10 

separates/extracts the by-product 116 from the drai nage (the 

post-reaction aqueous solution 411A), i.e., the sol ution 

after reacting with the hydrogen generation materia l 421 

containing a hydrogen-containing magnesium compound  that 

generates hydrogen via a reaction with the aqueous solution 15 

411 (solution), to thereby acquire the by-product 1 16. 

[0194] 

 Specifically, the by-product acquisition unit W10 

includes a drying chamber 111, a post-reaction solu tion 

storage 112 that is arranged on the drying chamber 111 to 20 

store the post-reaction aqueous solution 411A which  is the 

solution after the reaction, a pump 113 that is con nected to 

the drainage line 415A to fill the post-reaction so lution 

storage 112 with the post-reaction aqueous solution  411A, a 

sprayer 114 that is arranged at an upper position i n the 25 

drying chamber 111 to spray the post-reaction aqueo us 

solution 411A stored in the post-reaction solution storage 

112 in the form of a fine mist in the drying chambe r 111, 

and a blower 115 that blows a dry gas DA with low h umidity 

toward the post-reaction aqueous solution 411A in t he form 30 

of a mist sprayed by the sprayer 114. 

[0195] 

 The blower 115 includes, for example, a dehydratio n 

unit that takes in a gas (e.g., air) in the drying chamber 

111 to remove moisture from the gas, a heater that heats the 35 

gas dehydrated by the dehydration unit and having a  low 
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humidity, and a blower that sends the heated dry ga s DA into 

the drying chamber 111. 

[0196] 

 Specifically, the dehydration unit dehydrates the gas 

taken in from the drying chamber 111 such that its humidity 5 

is reduced to less than 20 %. The heating unit heat s the gas 

with a humidity of less than 20 % to, for example, about 

50 °C. The blower blows the dry gas DA with a humid ity of 

less than 20% and a temperature of about 50 °C towa rd the 

post-reaction aqueous solution 411A sprayed by the sprayer 10 

114. 

 Note that the gas taken in from the drying chamber  111 

is dehydrated by the dehydration unit to have a hum idity of 

preferably less than 10%, and more preferably less than 5 %. 

[0197] 15 

 Accordingly, when the post-reaction aqueous soluti on 

411A is sprayed from the sprayer 114, moisture in t he sprayed 

post-reaction aqueous solution 411A evaporates befo re 

reaching the floor of the drying chamber 111. As a result, 

the by-product 116 in the post-reaction aqueous sol ution 20 

411A that does not evaporate is deposited on the fl oor of 

the drying chamber 111. 

 Even if the by-product 116 deposited on the floor 

contains a small amount of moisture, the moisture a lso 

evaporates as the humidity is low in the drying cha mber 111. 25 

[0198] 

 In this manner, the by-product acquisition unit W1 0 

separates/extracts the by-product 116 from the post -reaction 

aqueous solution 411A, thereby acquiring the by-pro duct 116. 

[0199] 30 

 However, the configuration described above is only  an 

example of the by-product acquisition unit W10, and  the by-

product 116 can be separated/extracted from the pos t-

reaction aqueous solution 411A using a filtration f ilter or 

the like. 35 

 In this case, however, the by-product 116 is not i n a 
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dry state, so that a drying process is further requ ired. 

Therefore, the above configuration is preferable fo r the by-

product acquisition unit W10. 

[0200] 

 Besides, the by-product acquisition unit W10 may a lso 5 

be configured to heat the post-reaction aqueous sol ution 

411A to evaporate the moisture. In this case, howev er, a 

large amount of electricity is required for heating , and it 

takes a long time before the moisture evaporates. 

[0201] 10 

 On the other hand, in the case of the above 

configuration, electricity is mainly required in a 

compressor used to reduce the humidity of the gas a nd the 

heater necessary for heating the dry gas to about 5 0 °C. 

Thus, less electricity is needed as compared to the  case 15 

where the post-reaction aqueous solution 411A itsel f is 

heated to evaporate the moisture, and it takes less  time to 

obtain the by-product 116. Therefore, it is preferr ed to use 

the configuration described with reference to FIG. 4. 

[0202] 20 

 The by-product acquisition unit W10 includes a doo r 

117 arranged on the drying chamber 111. The by-prod uct 116 

is taken out through the door 117, and conveyed to the raw 

material production unit W20. 

[0203] 25 

(Raw material production unit W20) 

 FIG. 5 is a diagram for explaining the raw materia l 

production unit W20. 

 The raw material production unit W20 includes a ra w 

material production chamber 200, a heating unit 210  (e.g., 30 

a heater) that heats the inside of the raw material  

production chamber 200 to a predetermined temperatu re, and 

an exhaust mechanism 212 that exhausts gas from an exhaust 

port 211 of the raw material production chamber 200 . 

[0204] 35 

 For example, the exhaust mechanism 212 includes an  
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exhaust line 212A (also referred to as “exhaust pip e”) 

connected to the exhaust port 211 of the raw materi al 

production chamber 200, and an exhaust pump 212B ar ranged on 

the exhaust line 212A. 

[0205] 5 

 A mixture 213 of the by-product 116 (the main comp onent 

is magnesium hydroxide (Mg(OH) 2)) obtained in the by-product 

acquisition unit W10 and ammonium chloride (NH 4Cl) which is 

a halogen-containing substance containing halogen a nd other 

atoms than halogen is placed in the raw material pr oduction 10 

chamber 200, and the mixture 213 is heated to a pre determined 

temperature. 

[0206] 

 Specifically, the mixture 213 is heated to a 

temperature in the range of 340 °C to 450 °C at whi ch ammonium 15 

chloride (NH 4Cl), which is a halogen-containing substance, 

decomposes into ammonia (NH 3) and hydrochloric acid (HCl) 

and reacts with the by-product 116, thereby produci ng 

magnesium halide (in this example, MgCl 2). 

 Incidentally, it is more preferable to heat the mi xture 20 

213 to a temperature in the range of 340 °C to 400 °C. In 

this case, the time required for the treatment may be about 

2 hours, and the treatment can be performed with re latively 

low power consumption by increasing the heat retent ion in 

the raw material production chamber 200. 25 

[0207] 

 In this reaction, gaseous ammonia and water vapor are 

produced as represented by the following Formula 5.  They are 

exhausted out of the raw material production chambe r 200 by 

the exhaust mechanism 212, and a raw material conta ining 30 

produced magnesium halide (in this example, the mai n 

component is magnesium chloride) remains in the raw  material 

production chamber 200. 

 Mg(OH) 2 + 2 NH 4Cl 

  → MgCl 2 + 2NH 3 + 2H 2O    (5) 35 

[0208] 
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 As mentioned above, the by-product 116 may contain  

magnesium oxide (MgO). However, it is not a problem  even if 

it contains magnesium oxide since it has been confi rmed that 

ammonium chloride can convert magnesium oxide into magnesium 

chloride. 5 

[0209] 

 In the chemical formula, as represented by Formula  5, 

2 mol of ammonium chloride reacts with 1 mol of mag nesium 

hydroxide. 

 In this case, when the reaction represented by For mula 10 

5 is viewed in terms of weight ratio, the content o f ammonium 

chloride in the mixture 213 can be about 1.8 times that of 

the by-product 116 by weight. However, since not al l the 

ammonium chloride contributes to the reaction, the mixture 

213 preferably contains twice as much or more ammon ium 15 

chloride as the by-product 116 by weight, and more preferably 

three times as much or more ammonium chloride as th e by-

product 116 by weight. 

[0210] 

 Note that if the mixture 213 contains too much amm onium 20 

chloride, it takes a long time to decompose and rem ove the 

ammonium chloride. Therefore, the content of ammoni um 

chloride in the mixture 213 is preferably up to 10 times 

that of the by-product 116 by weight, and more pref erably up 

to 8 times that of the by-product 116 by weight. 25 

[0211] 

 In addition, magnesium hydroxide or magnesium oxid e 

can also be converted to magnesium chloride when th e by-

product 116 is heated at a temperature in the range  of about 

340 °C to 450 °C in a gaseous hydrochloric acid atm osphere. 30 

Therefore, instead of the above configuration, gase ous 

hydrochloric acid (hydrogen chloride) may be suppli ed to the 

raw material production chamber 200. 

[0212] 

 The raw material production unit W20 may be provid ed 35 

with a stirring mechanism (e.g., a propeller for st irring) 
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to stir the mixture 213 in the raw material product ion 

chamber 200. 

 Further, the exhaust mechanism 212 does not need t o 

exhaust gas constantly. For example, there may be p rovided 

a pressure measuring device to measure the pressure  in the 5 

raw material production chamber 200, and control ma y be 

performed to repeat the process of checking the pre ssure 

that rises along with the decomposition of ammonium  chloride 

and reducing the pressure to a value set in advance  when it 

rises above a predetermined value. 10 

[0213] 

 Incidentally, as can be seen from Formula 5, the 

exhaust gas from the raw material production unit W 20 

contains gaseous ammonia and water vapor. 

 For example, a mechanism (e.g., a molecular sieve)  that 15 

removes water vapor may be provided upstream of the  exhaust 

pump 212B (on the raw material production chamber 2 00 side) 

to introduce gaseous hydrochloric acid to the downs tream of 

the exhaust pump 212B (on the side away from the ra w material 

production chamber 200). With this, ammonia reacts with 20 

hydrochloric acid to form a powder of ammonium chlo ride, and 

the ammonium chloride can be obtained by using a du st 

collector in the downstream of the position where t he 

hydrochloric acid is introduced. 

[0214] 25 

 Therefore, by recovering ammonia as ammonium chlor ide 

without exhausting it, the ammonia can be recycled in the 

raw material production unit W20. 

[0215] 

 Besides, ammonia may be recovered from the exhaust  gas 30 

of the raw material production unit W20 and added t o the 

exhaust gas of the hydrogen generation material pro duction 

unit W30 described above so that it reacts with hyd rochloric 

acid in the exhaust gas of the hydrogen generation material 

production unit W30 to form ammonium chloride. 35 

[0216] 
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 In this case, the hydrochloric acid in the exhaust  gas 

of the hydrogen generation material production unit  W30 

changes into solid ammonium chloride, and the gas v olume 

decreases in the exhaust gas. Accordingly, a pump u sed in 

the hydrogen generation material production unit W3 0 5 

requires less exhaust capacity as described later. 

[0217] 

 The raw material containing magnesium halide (in t his 

example, the raw material mainly contains magnesium  

chloride) thus produced in the raw material product ion unit 10 

W20 is taken out from the raw material production c hamber 

200 through a door (not illustrated) provided there in, and 

conveyed to the hydrogen generation material produc tion unit 

W30 described above. The raw material is reduced by  hydrogen 

contained in plasma in the hydrogen generation mate rial 15 

production unit W30 to form the hydrogen generation  material 

421 again. 

[0218] 

 As described above, according to the embodiment, t he 

hydrogen generation system W1 is a magnesium-recycl ing 20 

hydrogen generation system which recycles magnesium  instead 

of disposing of it. In addition, the hydrogen gener ator W40 

is configured to feed the hydrogen generation mater ial 421 

to a large amount of solution (the aqueous solution  411). 

Thus, it is possible to prevent a decrease in hydro gen 25 

generation amount. 

[0219] 

 Further, in the hydrogen generator W40, hydrogen c an 

be generated by the reaction of the hydrogen genera tion 

material 421 with the aqueous solution 411, and it only 30 

requires an amount of electricity necessary to driv e the 

valves and the like. As a result, the electricity u sed in 

the by-product acquisition unit W10 and the raw mat erial 

production unit W20 can be suppressed to a low leve l. Thus, 

it may be possible to reduce the energy required to  produce 35 

the raw material for producing the hydrogen generat ion 
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material 421 as a whole. 

[0220] 

 Although the present invention has been described in 

conjunction with specific embodiments, the inventio n is not 

to be limited to those embodiments. 5 

[0221] 

 For example, the above Formulas 1 to 4 represent 

reactions that occur in the hydrogen generator W40.  As can 

be seen from Formulas 1 to 4, these are exothermic reactions. 

[0222] 10 

 Therefore, the aqueous solution 411 (solution) abs orbs 

heat and becomes hot. This heat may be used to furt her 

generate electricity. 

[0223] 

 Specifically, the power generation system PGS 15 

described above may further include a thermoelectri c 

generator (e.g., a steam turbine, etc.) that genera tes 

electricity using heat, and may be configured to ge nerate 

electricity also in the thermoelectric generator us ing heat 

generated when the hydrogen generation material 421  and the 20 

solution (the aqueous solution 411) react in the hy drogen 

generator W40. 

[0224] 

 FIG. 6 is a diagram for explaining a modification of 

the power generation system PGS that further includ es a 25 

thermoelectric generator. Although some illustratio ns and 

reference numerals are omitted, FIG. 6 basically co rresponds 

to FIG. 3. 

 Since the thermoelectric generator (a steam turbin e, 

etc.) may have a general structure such as includin g a steam 30 

turbine that generates electricity with steam ST an d a 

condenser that converts the steam ST that has drive n the 

steam turbine back to water WT, the illustration is  omitted. 

[0225] 

 When electricity is also generated by the addition al 35 

thermoelectric generator, as illustrated in FIG. 6,  the 
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solution storage 410 may be provided with a pipe PI P that is 

arranged, for example, spirally from bottom to top along the 

inner wall to receive the water WT from the condens er of the 

thermoelectric generator (a steam turbine, etc.) an d, after 

turning the water WT into the steam ST by the heat of the 5 

solution (the aqueous solution 411), send it to the  

thermoelectric generator. 

[0226] 

 As described above, the upper space US in the solu tion 

storage 410 is maintained at the predetermined firs t pressure 10 

and has a pressure higher than the atmospheric pres sure. 

Accordingly, the water boils in the pipe PIP being at about 

the atmospheric pressure, and the steam ST moves to ward the 

thermoelectric generator, thereby driving the therm oelectric 

generator (a steam turbine, etc.) to generate elect ricity. 15 

[0227] 

 In this case, the solution (the aqueous solution 4 11) 

in the solution storage 410 is cooled, which also a chieves 

the effect of suppressing the evaporation of the so lution. 

 With this configuration of the modification, 20 

electricity is produced not only by hydrogen power generation 

but also by thermoelectric generation, resulting in  a further 

increase in the power generation amount. 

[0228] 

 While, in the above embodiment, magnesium chloride  and 25 

magnesium fluoride are cited as examples of the raw  material 

that is reduced by hydrogen contained in plasma, th e raw 

material is not so limited and may be, for example,  magnesium 

iodide or the like. 

[0229] 30 

 It is also possible in this case to generate the 

hydrogen generation material 421 containing a hydro gen-

containing magnesium compound (specifically, magnes ium 

hydride) that generates hydrogen via a reaction wit h the 

solution using plasma containing hydrogen. 35 

 As magnesium hydroxide is obtained as the by-produ ct 
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116, the raw material can be regenerated by reactin g the by-

product 116 with hydrogen iodide or ammonium iodide  as a 

halogen-containing substance containing halogen and  other 

atoms than halogen in the raw material production u nit W20. 

[0230] 5 

 When the raw material is magnesium fluoride, the b y-

product 116 can be reacted with hydrogen fluoride o r ammonium 

fluoride to regenerate the raw material. When the r aw 

material is magnesium bromide, the by-product 116 c an be 

reacted with hydrogen bromide or ammonium bromide t o 10 

regenerate the raw material. 

 That is, the raw material contains magnesium halid e as 

a main component, and an ammonium salt containing h alogen or 

hydrogen halide can be used as the halogen-containi ng 

substance to be reacted with the by-product 116 to regenerate 15 

the raw material. 

[0231] 

 Incidentally, as described above, the hydrogen 

generation material production unit W30 includes th e 

treatment chamber 301 in which the raw material (e. g., a raw 20 

material containing magnesium halide such as magnes ium 

chloride) is reduced by hydrogen contained in plasm a to 

produce the hydrogen generation material 421, and t he 

decompressor 330 (the first vacuum pump 332 and the  second 

vacuum pump 334) that discharges the gas from the t reatment 25 

chamber 301 to decompress the inside of the treatme nt chamber 

301. The gas discharged from the treatment chamber 301 

contains hydrogen halide (for example, hydrogen chl oride) 

produced during the reduction. 

[0232] 30 

 Ammonia reacts with a hydrogen halide such as hydr ogen 

chloride at room temperature to form an ammonium sa lt 

containing the halogen, and the ammonium salt conta ining 

halogen turns into a solid state at room temperatur e. 

[0233] 35 

 For this reason, as mentioned earlier, the hydroge n 
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generation material production unit W30 preferably includes 

an ammonia supply unit to supply ammonia to the gas  which 

has been discharged from the treatment chamber 301 and is on 

its way to the decompressor 330 (the first vacuum p ump 332 

and the second vacuum pump 334). 5 

 In this case, hydrogen halide (e.g., hydrogen 

chloride) in the exhaust gas reacts with ammonia to  produce 

an ammonium salt (e.g., ammonium chloride) containi ng solid 

halogen. As the gas changes its state to solid, the  volume 

is greatly reduced. 10 

 This facilitates the decompression in the treatmen t 

chamber 301. 

[0234] 

 Thus, the configuration including such an ammonia 

supply unit enables a reduction in the required cap acity of 15 

the decompressor 330 (the first vacuum pump 332 and  the 

second vacuum pump 334). 

[0235] 

 Moreover, as can be seen from the above Formula 5,  in 

the raw material production unit W20, ammonia is pr oduced as 20 

a by-product through the reaction between the ammon ium salt 

containing halogen and the by-product 116. The ammo nia supply 

unit can supply the ammonia obtained in the process  of 

producing the raw material in the raw material prod uction 

unit W20. 25 

[0236] 

 For example, the ammonia supply unit may include a  tank 

that stores the ammonia generated in the process of  producing 

the raw material in the raw material production uni t W20, an 

ammonia supply pipe that is connected to the tank a s well as 30 

to an exhaust pipe extending between the treatment chamber 

301 and the decompressor 330 (the first vacuum pump  332 and 

the second vacuum pump 334), and a flow rate contro ller that 

is arranged on the ammonia supply pipe to control t he flow 

rate of the ammonia. 35 

[0237] 
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 Furthermore, an ammonium salt (e.g., ammonium 

chloride) containing solid halogen produced by the reaction 

between ammonia and hydrogen halide (e.g., hydrogen  

chloride) in the exhaust gas can be used in the raw  material 

production unit W20. 5 

 When the hydrogen generation material production u nit 

W30 includes an ammonium salt acquisition unit to a cquire an 

ammonium salt containing halogen produced by the re action 

between ammonia and hydrogen halide in the gas disc harged 

from the treatment chamber 301, the ammonium salt a cquired 10 

by the ammonium salt acquisition unit is utilized a s the 

halogen-containing substance used in the raw materi al 

production unit W20. 

[0238] 

 The ammonium salt moves toward the decompressor 33 0 15 

(the first vacuum pump 332 and the second vacuum pu mp 334) 

in a solid state. Therefore, for example, a dust co llector 

as the ammonium salt acquisition unit may be arrang ed 

upstream (the treatment chamber 301 side) or downst ream of 

the decompressor 330 (the first vacuum pump 332 and  the 20 

second vacuum pump 334). 

[0239] 

 As described above, the by-product (magnesium 

hydroxide, magnesium oxide) acquired by the by-prod uct 

acquisition unit W10 can be converted to magnesium chloride 25 

by a reaction with gaseous hydrochloric acid (hydro gen 

chloride). 

[0240] 

 In the hydrogen generation material production uni t 

W30, hydrogen halide (e.g., hydrogen chloride) is p roduced 30 

as a result of the reduction reaction. 

 For example, a hydrogen halide acquisition unit th at 

separates and acquires hydrogen halide (e.g., hydro gen 

chloride) in gaseous form may be arranged upstream (the 

treatment chamber 301 side) or downstream of the de compressor 35 

330 (the first vacuum pump 332 and the second vacuu m pump 
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334) of the hydrogen generation material production  unit W30. 

 The hydrogen halide (e.g., hydrogen chloride) may be 

used in the raw material production unit W20. 

 For example, the hydrogen halide acquisition unit may 

use a separation membrane or the like for separatin g hydrogen 5 

halide (e.g., hydrogen chloride). 

[0241] 

 In the above embodiment, an example is described i n 

which the entire power generation system PGS of the  

embodiment is provided as annexed to a solar or win d power 10 

generator or the like. However, among the elements of the 

hydrogen generation system W1, the by-product acqui sition 

unit W10, the raw material production unit W20, and  the 

hydrogen generation material production unit W30 ma y be 

arranged around a solar or wind power generator or the like, 15 

while the hydrogen generation unit W40 may be arran ged near 

the power generator PG located in a rural area. 

[0242] 

 With this configuration, power generation is perfo rmed 

at the location where the electricity is consumed. 20 

Accordingly, transmission loss can be reduced. Furt hermore, 

although in recent years it has become a problem th at power 

failure occurs over a wide area when a large power plant 

shuts down, this problem can also be avoided. 

[0243] 25 

 Although the above description has been given main ly 

of the case where magnesium hydride is predominantl y produced 

from magnesium chloride in the hydrogen generation material 

production unit W30, reduction may be performed to produce 

metallic magnesium predominantly from magnesium chl oride by 30 

adjusting the temperature of the surface 381 of the  

attachment member 380 or the like. The metallic mag nesium 

thus produced can be used for reduction to produce magnesium 

hydride. 

[0244] 35 

 In other words, the hydrogen generation material 
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production unit W30, which produces a hydrogen gene ration 

material by reducing a raw material with hydrogen c ontained 

in plasma, may produce the hydrogen generation mate rial by 

performing the following two steps: reductive dehal ogenation 

to remove halogen from magnesium halide (e.g., magn esium 5 

chloride), and hydrogenation/reduction to add hydro gen to 

metallic magnesium from which halogen has been remo ved. 

[0245] 

 While certain embodiments of the invention have be en 

described, it is to be understood that the inventio n is not 10 

to be limited to the disclosed embodiments. As woul d be 

apparent to those skilled in the art, various chang es, 

modifications, and alterations may be made within t he scope 

of the invention as defined in the appended claims.  

  15 
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[Document title] CLAIMS 

[Claim 1] 

 A hydrogen generation system configured as a 

magnesium-recycling hydrogen generation system, the  hydrogen 

generation system comprising: 5 

 a by-product acquisition unit configured to separa te 

a by-product from a post-reaction solution, which i s a 

solution after reacting with a hydrogen generation material 

containing a hydrogen-containing magnesium compound  that 

generates hydrogen via a reaction with the solution , to 10 

acquire the by-product including more than one type  of 

oxygen-containing magnesium compound that contains oxygen 

produced by the reaction; 

 a raw material production unit configured to react  the 

by-product with a halogen-containing substance cont aining 15 

halogen and other atoms than the halogen to produce  a raw 

material containing magnesium halide; 

 a hydrogen generation material production unit 

configured to reduce the raw material with plasma c ontaining 

hydrogen to produce the hydrogen generation materia l; and 20 

 a hydrogen generator configured to react the hydro gen 

generation material with the solution to generate h ydrogen. 

[Claim 2] 

 The hydrogen generation system according to claim 1, 

wherein 25 

 the hydrogen-containing magnesium compound is 

magnesium hydride, 

 the oxygen-containing magnesium compound is magnes ium 

hydroxide or magnesium oxide, and 

 the halogen-containing substance is an ammonium sa lt 30 

containing the halogen. 

[Claim 3] 

 The hydrogen generation system according to claim 2, 

wherein the hydrogen generation material production  unit 

includes 35 

 a treatment chamber where the raw material is redu ced 
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with the plasma containing hydrogen to produce the hydrogen 

generation material, 

 a decompressor configured to discharge gas from th e 

treatment chamber to decompress the inside of the t reatment 

chamber, and 5 

 an ammonia supply unit configured to supply ammoni a to 

the gas which has been discharged from the treatmen t chamber 

and is on its way to the decompressor. 

[Claim 4] 

 The hydrogen generation system according to claim 3, 10 

wherein the ammonia supply unit is further configur ed to 

supply ammonia generated when the raw material is p roduced 

in the raw material production unit. 

[Claim 5] 

 The hydrogen generation system according to claim 3 or 15 

4, wherein 

 the hydrogen generation material production unit 

further includes an ammonium salt acquisition unit 

configured to acquire an ammonium salt containing t he halogen 

produced by a reaction between the ammonia and hydr ogen 20 

halide in the gas discharged from the treatment cha mber, and 

 the ammonium salt acquired by the ammonium salt 

acquisition unit is utilized as the halogen-contain ing 

substance used in the raw material production unit.  

[Claim 6] 25 

 The hydrogen generation system according to claim 1, 

wherein 

 the hydrogen-containing magnesium compound is 

magnesium hydride, 

 the oxygen-containing magnesium compound is magnes ium 30 

hydroxide or magnesium oxide, and 

 the halogen-containing substance is a hydrogen hal ide. 

[Claim 7] 

 The hydrogen generation system according to claim 6, 

wherein the hydrogen material production unit inclu des 35 

 a hydrogen halide acquisition unit configured to 
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acquire a hydrogen halide produced by a reduction r eaction 

in gaseous form, and 

 the hydrogen halide acquired by the hydrogen halid e 

acquisition unit is used in the raw material produc tion unit. 

[Claim 8] 5 

 The hydrogen generation system according to any on e of 

claims 1 to 7, wherein the hydrogen generator inclu des 

 a reaction unit configured to store the solution a nd 

perform the reaction to generate hydrogen, and 

 a material storage configured to store the hydroge n 10 

generation material to be supplied to the reaction unit. 

[Claim 9] 

 A power generation system comprising a power gener ator 

configured to generate electricity using hydrogen, wherein 

the power generator is supplied with hydrogen gener ated by 15 

the hydrogen generation system according to any one  of claims 

1 to 8. 

[Claim 10] 

 The power generation system according to claim 9, 

comprising a thermoelectric generator configured to  generate 20 

electricity using heat, wherein the thermoelectric generator 

is further configured to generate electricity using  heat 

generated when the hydrogen generation material and  the 

solution react in the hydrogen generator. 

[Claim 11] 25 

 A hydrogen generation method, which is a magnesium -

recycling hydrogen generation method, the hydrogen 

generation method comprising: 

 separating a by-product from a post-reaction solut ion, 

which is a solution after reacting with a hydrogen generation 30 

material containing a hydrogen-containing magnesium  compound 

that generates hydrogen via a reaction with the sol ution, to 

acquire the by-product including more than one type  of 

oxygen-containing magnesium compound that contains oxygen 

produced by the reaction; 35 

 reacting the by-product with a halogen-containing 
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substance containing halogen and other atoms than t he halogen 

to produce a raw material containing magnesium hali de; 

 reducing the raw material with plasma containing 

hydrogen to produce the hydrogen generation materia l; and 

 reacting the hydrogen generation material with the  5 

solution to generate hydrogen. 

[Claim 12] 

 A power generation method to generate electricity 

using hydrogen, comprising: 

 generating electricity using hydrogen; and 10 

 supplying hydrogen generated by the hydrogen 

generation method according to claim 11 for the gen erating 

electricity using hydrogen. 

[Claim 13] 

 The power generation method according to claim 12,  15 

further comprising generating electricity using hea t 

generated during the reacting the hydrogen generati on 

material with the solution to generate hydrogen. 

  


