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[Technical Field to Which the Invention Pertains] The present invention relates to a method
for generating a molten lithium nuclear fusion reaction and a molten lithium nuclear fusion
energy generation apparatus, which are obtained by a nuclear fusion reaction using liquid

metallic lithium as nuclear fuel and catalytic solvent.

[(RBRDRET 2 KMnE] AFRBIZ. REERE) 77U L2 RUBESH . L TIT S &EMER
IS D, BONSBR TV LBKRMERICENG ERVAR) FULEKREIRILF—RERE

IR %,

[0002]

[Conventional Technology] From the past to the present, a high-density ion-electron plasma

sufficient for practical use in nuclear fusion reactions has yet to be realized.
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[REKDFAMT] REDSSHE TRMERIGOERICTDBRESEEDA T Y « EF TS AVIEKRTE

EIHLTULAEL,

For these reasons, the applicant has invented "a method for generating a molten lithium
nuclear fusion reaction and a nuclear fusion energy supply device" in Japanese Patent
Application No. 2001-00156, "a nuclear fusion power generation method and a nuclear fusion
power generation device" in Japanese Patent Application No. 2001-177670, and "a non-
thermonuclear fusion power generation method and a non-thermonuclear fusion power
generation device" in Japanese Patent Application No. 2001-216026. These prior art
inventions demonstrate that the aforementioned high-density ion-electron plasma can be
achieved by existing means, and examples of energy supply device configurations utilizing

this are presented.

CDESBRILH S, RHEAR. $H2001-00156ICEW\WT DARU FILRKBARS
REAERUERMEIRILF—HGRKE) £, KE2001-177670IC8VT TKRMEXKSE
BEELUKRMAREREB) #. 15E2001-216026Ic8VWT FEARRARELRES &
VIFRARRMERERE] ZRHALT. CNoDEBERATIE. BIFEOFRICL>T. FIEcOEE
BEDAF> « BFTSAIDERMNBIGETHD. ChZzfALIIRILF—HIGEEDBREIHHE

NENTWLB,
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[0003]

[Problems to be Solved by the Invention] In each of the prior art inventions, the following

problems can be considered when it comes to actually putting them into practical use.

[READERL & 5 &9 BR8] ZBLEHEATIE. RRICERLTS5XT. UTFISERB LS

BRENEZZ 5N D,

In other words, in each of the aforementioned prior inventions, the injected hydrogen ion
energy must be in the buffer energy region of 1 keV to 25 keV, which is below 100 keV and
known as the Lindhardt region. Therefore, it is necessary to either make the discharge voltage

extremely high or to dilute the hydrogen gas to an extremely low level.

TRH5. ZBEEMEBTIE. FAKRAFIRILF—D) Y bNIL MEEEHEIND

100kevIA{TTlkev~25kevDiEfs (N\v77) ITRIX—MEETHINEHLD

%o EDIH. MBEXEZIHBICELSTBE3H. KEAXZ2WD TEL §2H4ENH B,

20-08-2026 - Page 4



[0004]

However, in such conditions, the discharge may become unstable, making it impossible to

achieve a uniform discharge.

EZAHN TOXSBRETIF. WENMTFLEICAD ., H—RBHRENHRLEL BB ENEZISN

Bo

As a result, the discharge becomes unstable and uneven, causing some lithium to scatter into
the discharge gas, which can lead to short circuits between electrodes and frequent
malfunctions. This not only prevents stable operation but also causes localized heating,

potentially leading to holes in the container or, in the worst case, an explosion.
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COfER. MEDARLEICKD. FP—TH3 . VFILO—EHBREH XARICRUE 7D,
ETOXETEBEN S I — LS TILORENBEICEI D, RELEGDHFRELBBIEHD

THL. BFRNZMANEL S 7. BHEICDHAVLED. REDSZESBEEITZILHEISN

Bo

[0005]

Therefore, the present invention aims to provide a method for generating a molten lithium
nuclear fusion reaction and a molten lithium nuclear fusion energy generator that are easy to

handle, can stabilize the discharge, prevent the scattering of lithium, and supply stable and

safe energy.

ZI T AEFATIIBREZZEICL. LMD UFULOREZMELZETREBIXRILF—=H#
RTETB. BMOJRLWRT V. BRI FU LKRERICERS EZRVBR) 7V LKBET R/ —

REREZRRMI S ZBENET B,
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[0006]

[Means for Solving the Problems] In order to achieve the above objective, the present
invention is configured as follows for each claim, and each invention utilizes the buffer energy

fusion reaction shown below (Equation 1, Equation 2) as the energy generation process.

[(FREEZBRT B7-ODFER] AFHBRIZ. RIECENZENT 57D, FHKRBICHLT B HERIZ.
UTFDESICHEELIEHDTHZH . EHEAIF. WINbdbIRILF—REBRERE LT T K

1. R2) OFREIXRILF— NvT7IXILF¥—) BKRIEREZFIAT %,

[0007]

6Li + 1H — 3He + 4He + 4.0MeV (Equation 1) 7Li + 1H — 24He + 17.3MeV (Equation 2) Here, the
reaction energy on the right side of the equation is released as the kinetic energy of the

product nuclei.
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6Li +1H—>3He+4He +4. OMeV (1) 7Li +1H—>24He +17.
3MeV (H2) CCT. XOBADRIGTRILF—IFEMKDEFTRILF— LTHETN

Bo

MeV stands for megaelectronvolt.

Me Vid. XHEBEFRILFTHS,

[0008]

Equation (2) shows that two helium atoms (4He) are produced on the right side through a

nuclear fusion reaction between one atom of 7Li, an isotope of lithium on the left side, and

one atom of hydrogen (H).
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(X2) & IOV FILDORLMED—TFETL i D1IEFEKEHD 1EFORKBERIGICEK

D, BADANIVILREF (4He) M2RFERINBZLZEZTRLTVS,

[0009]

Since this reaction terminates immediately upon stopping the irradiation of hydrogen ions,
energy generation can be easily controlled. Furthermore, because there is no energy release
when notin use, it is possible to provide an easy-to-handle energy source with few limitations

on its use.

CORIGIZIKEA Z >V OBREDBELLETEEICKRT 5D T, BRICIXRILF—REDFHIEHHIEIRET
HOH, FRALAVWEZICIEIRILF—DHREIEWVN:=-O. FIBLOHFIRNADECEDFVG VNI X

IWF—ReiR T2 CHAIEETH B,

[0010]
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To achieve the above objective, the invention corresponding to claim 1 is a method for
generating a molten lithium nuclear fusion reaction, characterized in that hydrogen ions
accelerated by a pulsed gas discharge plasma are injected into the surface of an electrode
composed of molten lithium or a substance mixed with a salt or metal that melts therein to
generate a high-density liquid ion-electron plasma, and the Coulomb barriers between atoms
are destroyed by this high-density liquid ion-electron plasma, while the condensation force
acting on the atomic nuclei in the molten lithium brings the atomic nuclei closer to the

reaction distance, thereby inducing a nuclear fusion reaction.

AIECEMNZENRT 37c®. FHRKELICRIDT 2FRAIF. BRI FULIIFETNITARMT BB
IFERBERASEMETEBRINIEEBRAIC. NILARATARET S X TR LIKECZ
VEAALT. BBEOREALY « EFTISARZER L. CNOEBEOREKAFY « EFT
FARICE >TREFEADIV—OVEEZ KT DL EHIC. miscam) FULHRDORERFXICE B
BHICL > TRFRASE RGEMIOIESE TRBERGEFRIE I I L2 3538

FULRMERIGEMTETH S,
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[0011]

To achieve the above objective, the invention corresponding to claim 2 is a molten lithium
nuclear fusion energy generating device comprising: a reaction vessel into which hydrogen
gas is injected to generate hydrogen ions; an anode disposed in the reaction vessel and a
cathode located in the reaction vessel at a predetermined distance from the anode and
composed of molten lithium or a substance mixed with a salt or metal that melts therein; and
a pulse power supply device that applies a pulsed voltage between the anode and the
cathode to generate a liquid ion-electron plasma in the reaction vessel, wherein the liquid ion-
electron plasma destroys the Coulomb barrier between atoms and the condensation force
acting on the atomic nuclei in the molten lithium brings the atomic nuclei closer together to

the reaction distance to induce a nuclear fusion reaction.

AIEEENZERT 57D, FFKE2ICHET Z3FHAIF. KRAXZFIALTKRIAAVZERT S
RSB L. BIEEROBHEARICEE SN ZEBR UGB L ZRICEEATH > THERRZF

L. OBV FULRLIZENCAM T ZIBERITEEZEATEIMETHERINIBEEL.
AIECIH BN RIGCREMEIC/NILARDEBEREZ ML . RiscRIBERICRIEAF Y - EF TSIV

ZERTBNILRAEREEL., ZHA. BIECREA T « EFFSIAVICE>TRERFEDOI—OY
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[REEZ AT B L L HIC. RIECARY TV LARDRFXICE < BESIC K > TRFERREZ RISEE
BHOIE S TRABERIGZFRIES 2R TH8M) FULKRE IRV —REEE

TH 3o

[0012]

To achieve the above objective, the invention corresponding to claim 3 is a molten lithium
nuclear fusion energy generating device comprising: a reaction vessel for injecting hydrogen
gas to generate hydrogen ions; an anode disposed in the reaction vessel and a cathode made
of porous metal impregnated with liquid lithium, which is positioned vertically within the
reaction vessel at a predetermined distance from the anode; and a pulse power supply device
for applying a pulsed voltage between the anode and the cathode to generate a liquid ion-
electron plasma in the reaction vessel, wherein the liquid ion-electron plasma destroys the
Coulomb barrier between atoms and the condensation force acting on the atomic nuclei in
the molten lithium brings the atomic nuclei closer together to the reaction distance to induce

a nuclear fusion reaction.
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RIECERZEKT 7. FEREIICHLT DHRBIE. KEAREZFALTKRAA D ZERT D
RIitAeR . AIEERISBBRAICER SN B EHRKRUZGEEZRISBB/ATH > TARERRZEL
THMEE L. D OREVFILZERTELZAEZEN S RZEME .. AIEKHRKR U RIFCEEM
ICNILZRDBEZEIML . BIGERIGCESNICKRIET T - BF TS IANZENT 5 /VILRAEBRE
BY. ZRA. AIREATY « EFTSAVICE>TRFEAOI/—OVEEZ BRI LD

IC. AIEEARL) FULAADORFRZICE < BEIICK > TRFRAESZ RISIERIOIES € TS

RISEFRIUS L EBYETEEMYFILGRHAE T XY —RERETH 5,

[0013]

To achieve the above objective, the invention corresponding to claim 4 is a molten lithium
nuclear fusion energy generating device comprising: a reaction vessel into which hydrogen
gas is injected to generate hydrogen ions; an anode disposed in the reaction vessel and a
cathode located in the reaction vessel at a predetermined distance from the anode, which is
made of overlapping metal and metal mesh and impregnated with liquid lithium in the metal
mesh; and a pulse power supply device that applies a pulsed voltage between the anode and
the cathode to generate a liquid ion-electron plasma in the reaction vessel, wherein the liquid

ion-electron plasma destroys the Coulomb barrier between atoms and the condensation force
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acting on the atomic nuclei in the molten lithium brings the atomic nuclei closer together to

the reaction distance to induce a nuclear fusion reaction.

RIECERVZENT 57 FERE 4 ICHILT DFHBIE. KBEHRZFALTKRA AV ZERT S
RIitEER . AIEERIBRAICER SN B HERKRUZBE L ZRERRATH > CTERRZF

L. EBLEBX VY 1ZERICHDTHORERA YL aRICRIK) FU LZE RS EBIER

. BIECHEERUFIEEEEIC/NILZROBEZEML. RIKSRIGCAEBRICREIT> - EF TS
AREEMITBNINABREEL . ZfwX. BIELRIEITY « EF T ARICE > TRERFEDT —
OVEEZRRY 5 HIC. misam ) 7Y LRDRFRICE < BHENICK > TRFERAERZ K
ISEERE IO S E TRAMERIGZFZE T E2 2/ I3 8m ) FULKME I RIL¥ —KE

LETBH 5.

[0014]

To achieve the above objective, the invention corresponding to claim 5 is a molten lithium
nuclear fusion energy generator according to any one of claims 2 to 4, characterized in that

cooling means are provided on the outer periphery of the anode and the cathode.
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RISCEMNZERT B7c6. KBS IS T 5 FHBRIL. AIECHRENR U RICEBON BRI BEFER

ZRITICCEZFHE T35 KE 2 ~ 4 DfanHh—DICEEDBH) FULKREIRILF—RE

HETH .

[0015]

To achieve the above objective, the invention corresponding to claim 6 is a molten lithium
nuclear fusion energy generator according to any one of claims 2 to 4, characterized in that
cooling means are provided on the outer periphery of the anode and the cathode, and heat

utilization means are provided that utilize the heat generated by the cooling means.

RISCEMNZENT B7c8. KB 6 ICIGT S FHBIL. AECHRENR U aIECEBON BRI /SEFER
2 R\ ZANFRICEDEELILAZIRAI 3HFRAFREZRITICC 2R I 55 KE2 ~

4 DfEINHD—DICEEEHDBR) FULKMEIRILF—EERETH S,
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[0016]

To achieve the above objective, the invention corresponding to claim 7 is a molten lithium
nuclear fusion energy generating device according to any one of claims 2 to 4, characterized in

that an insulating material is provided on the outer periphery of the anode and the cathode.

RISCEMNZENT B7c8. KRBT ICHIGT S FEBIL. AcHENR U IEcEBO SN E /I EEM Z
RIT e Z2RHBEIT3FKE2 ~4DRAND—DICEEHDARM) F U LKBME I RILF —RER

BETH 5

[0017]

To achieve the above objective, the invention corresponding to claim 8 is a method for
generating a molten lithium nuclear fusion reaction according to claim 1, characterized in that

when the pulsed electric field strength applied by the pulse power supply device is V (V/cm),
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the discharge gas pressure is p (Torr), and the electrode spacing is d (cm), the following

conditions are met: 0.01 kV/cm <V < 1000 kV/cm and 10° Torr-cm < pd < 10* Torr-cm.

RIECERZENT 578, FHKESICRILT 2FEAIF. FIE/NILABREEICKDEINMEINB/NL
ZROEREBEZV (V. cm) . BREAXEHNZp (Torr) . EEBAEREd (cm) &L
fceE. 0. 01kV/ cm=V=1000kV ./ cm. »D
10-3Torr-cm=pd=104torr - -cmixi&HdlceEHHrI35EKELLHED

AR F U LBRRERISERFETH S,

[0018]

According to the invention corresponding to claim 1 or 2, a non-thermonuclear fusion
reaction is induced by pulsed irradiation of hydrogen ions onto the surface of a liquid lithium

or alloy of lithium with a metal that acts as a catalyst for nuclear fusion reactions.

FAKIE L XUF 2 ISHIGT B FEEAICEI L. RIFRD ) F UL, RIIZMERISOMEFRZROE

BEDEEDREICKEAT 2V ZNILARNT S EICKDIABRMERIGZFHET %o
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During this process, energy is generated according to (Equations 1 and 2), and this is used as

an energy source.

ZFORRIC (1. 2) ICRRVWIRILF—DRERETZIH. CnEIXILFT—RE LTHAT %,

Here, a controlled, pulsed high voltage is applied, causing a pulsed discharge that accelerates

hydrogen ions to an energy of 100 keV or less, particularly 1 to 25 keV, in a region called the

buffer zone.

ZCT. FIESNI=NILZAROBEEZEIML. NILABEIEZIZCICED. KEAFT O =HEE

EIFEMIENE. TRILF—100ke VUTT FIC1~25keVOIRILF—IZIHERSE
%o

Here, rapid heating occurs in the lithium solution during the nuclear fusion reaction, but this

instability can be controlled by stopping the application of high voltage before the liquid

lithium becomes unstable.
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CCT. ERERICTRAGMADL. UFIVLBRFTHEET DD REVFILDRREICE S

RIICEEENMNZ EHNIE. CORRERRIIHIERIEE BB,

Control methods include, for example, increasing or decreasing the high-voltage application

width or changing the pulse application repetition frequency.

A EE LTE AIZIE. SEEMIMEZEREELD. NILIEMNEDR LEREzZLSE

B ZICKBo

[0019]

According to the invention corresponding to claim 3, in order to improve the instability of
liquid lithium due to localized heating, lithium is impregnated into a porous metal as the
cathode, and the scattering of liquid lithium can be prevented by the condensation force of
the liquid metal and the thermal conductivity of the porous metal, and vertical placement is

also possible.
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FAKIE 3 I T BREAICENUE. BRIEVFULOBHRBUCEL DT LTEEZHET D7D, Bl
ELTEZABERRBICVFULZERSE., RESBOEHENE. 2ABERBOMMEEICL DRI

FULORE ZBLETE LHDMES ZrlaBICHEK S,

[0020]

According to the invention corresponding to claim 4, in order to improve the instability of
liquid lithium due to localized heating, a metal and a metal mesh are layered as the cathode,
and liquid lithium is impregnated into the metal mesh to prevent the scattering of liquid

lithium, and it is also possible to place the device vertically.

FAKIE A I T BREAICENUE. RIEKVFULOBHRRICELZDITFLTEE2HET D7D, Bl
ELTEBEEBA Y aZERT. FBXA Y aRIKRE) FULZZRIERE) FULORK

AEHLETE LM OMES Zr8eICHEK S,

[0021]
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According to the invention corresponding to claim 5, cooling means are provided on the
outer periphery of the anode and cathode, thereby eliminating instability due to thermal

runaway.

FRKIAS ICH T B HEBICEI N, BERUEEONERICAHNFREZRIT. AREICKDITLE

MeR{ T3 =zR/HHLIT 5,

[0022]

In the invention corresponding to claim 6, cooling means are provided on the outer periphery
of the anode and cathode, and means are provided to utilize the heat generated by these

cooling means, thereby enabling more effective utilization of thermal energy.
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BRIE 6 ICHIS Y B FHATIE. BERUBEEONBAISANFRZRIT. CORMFRICEDRE

L7cB=RAT 3 FRZRITICOT, BICRATIXILF—=BHFAATE 3,

[0023]

According to the invention corresponding to claim 7, since insulating material is provided on

the outer periphery of the anode and cathode, thermal efficiency can be further improved.

KR 7 ICHE T B EBICEINUE. BERUEEONERICEHBEMZERITI-DOT, BICRHRZMR

FEEZZeHTE S,

[0024]

The invention corresponding to claim 8 is the invention corresponding to claim 1, wherein in
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order to stabilize the discharge, the power supply is controlled such that 0.01 kV/cm <V <
1000 kV/cm and 10° Torr cm < pd < 10* Torr cm, where V (V/cm) is the pulsed electric field

strength, p (Torr) is the discharge gas pressure, and d (cm) is the electrode spacing.

SAKIE S ICWIL T 2FEMAIE. FBRELICHILTZFEBAICEWVWT, BREZZESIE S H. /NNILARK
ICENMM9 2EREEZV (V. cm) . WEAREN%Zp (Torr) . EWEREd (cm)
clLfceE. 0. 01 kV,/ cm=V=1000kV, /cm. »D

10-3Torrcm=pd=104torrcm%x&-3dL5BBRZHIHET S,

This enables uniform discharge, completely eliminating problems such as lithium scattering
into the discharge gas or short circuits between electrodes, resulting in stable and safe

operation.

CNUSE D F—BREDNRIRREHRD . UFILDO—HHBREAXARICRUHA SO, EORKET

BEMHNY 23— TBE58 S TLBERLBD. RETRLBEENTHL 55,

[0025]
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To achieve the above objective, the invention corresponding to claim 9 is a molten lithium
nuclear fusion energy generating device according to any one of claims 1 to 7, characterized
by having a thermoelectric power generation system comprising a high heat source loop
consisting of a pump and piping that extracts and circulates the heat generated by the nuclear
fusion reaction using a coolant, a low heat source loop consisting of piping, a circulation
pump and a cooler, and a thermoelectric converter that inserts a thermoelectric material
between the high-temperature heat source and the low-temperature heat source and

connects to an external load to extract power.

RIECEMZZER T B7c®. FAKIRI IS T 2 HAIL. AIEEKMERIGICEK > THET 3% /5]
MICEDBE LBRT 2R TITRVEELDBIRBRIL-TL. BBE. BRRY TRUAHEK
DB EHRIL—T & SXRBHRRCAERROBICRAEYEZ 3T ANEEFICER L TES
D HITABEHBL OB EINIABREC AT LZEITZ L Z/EE T BHKEL~TD

WFRH—DICEHOER L F I LREA TR E—RERETH 3.

[0026]
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[Embodiments of the Invention] Embodiments of the molten lithium nuclear fusion energy
generation device according to the present invention will be described below with reference

to the figures.

[(RBADOEDARE] UTICARKRICHRZ BTR) FULKRE IR F —REREORFOTEZ

HICEDEERAT B,

Figure 1 is a conceptual diagram of a molten lithium nuclear fusion energy generator

according to the first embodiment of the present invention.

1IIARADE 1 OXRBREREDBRM) TV LZKMEIRILF—HEREDOBIRIKTH %,

In Figure 1, a reaction vessel 7 capable of vacuum evacuation houses a cathode 2
impregnated with liquid lithium 9, hydrogen gas introduced from a hydrogen injection device
5, and an anode 1 to which a pulsed high voltage can be applied from a pulse power supply

device 4.
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LICBWVWT, EZHRD AIRRARIGESE: 7TARIC. RIKVF UL ZERIEIEE 2. KFFA

5|

hYa
H.

BSXDBEATNIKREAR NILRABREEA LD NILAKSEEZHMTE 25 1 FZ X

i

ALTW3,

[0027]

Furthermore, the reaction vessel 7 is provided with an insulating ring 3 to enable the

application of a high voltage.

Floew RIGASRTICIIESEENMZAIGEE T3 o DiEg!) > J 3HKITONTWLS,

Furthermore, the reaction vessel 7 is equipped with a He recovery device 6 for recovering
helium generated by the nuclear fusion reaction, a heat exchange system 10 for recovering
the heat generated around the cathode, and a heat utilization system 11 for using this heat for

power generation and other purposes.
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EOICRIGASR TICIIERMERIGICEDRELIAV Y LZEN TS HeENEE6 & BRELT
PERELDEZEUN T 2R AT L1108, CORZREBEFICHAITIHIAATLLILIN

FiFHonTWS,

[0028]

Furthermore, the liquid lithium 9 to be impregnated into the cathode 2 can be replenished by

a lithium replenishment system (not shown) installed outside the reaction vessel 7.

BE. BE2ICETRTERIRIEVF VLI, RIGEERT7TONARMBICKESNIUFU LR AT

L (BHTRET) ICED. R TERLIICHE LTV,

[0029]
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Next, the operation of the first embodiment will be described.

RIC. B 1 OERMBRIEDIERICDOVWTERATY %,

[0030]

In Figure 1, a pulsed high voltage generated by a pulse power supply device 5 connected
between the liquid lithium 9 impregnated in the cathode 2 inside the reaction vessel 7 and the
anode 1 positioned above it is applied between the cathode 2 containing the liquid lithium 9

and the anode 1, causing a discharge in the hydrogen gas sealed inside the reaction vessel 7.

HM1ICEWT, RISAESRTROBE 2 ICERENIREVF VLI, TDOLAICERELLBEL
ORICER LIcNILABRRES ICKDRELINILARSEREZRIE) F I LI ZEATIEME2

CREE L OBICNILABEEZEML. RIEEER 7TRICHALICKEAIPTHREZHRESTE %,

Due to the discharge, some or most of the hydrogen gas is ionized into hydrogen ions.
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BICKDKEARXD—EBRIFIFEACH BB LKERA T LB,

[0031]

Hydrogen ions are accelerated by a pulsed electric field between anode 1 and cathode 2

impregnated with liquid lithium 9, forming a flow of hydrogen ions.

KEAAVIEGEERL ERE)FOLIZZRLICER2 OBD/NILRABERICEDIERSIN T, K&

1X 2 DRNEZRKT Bo

The flow of hydrogen ions reaches the surface of liquid lithium 9, and a buffer energy fusion

reaction occurs as shown in (Equations 1 and 2).

IKEAF 2 ORNUSEEIFILOOREISELT. (H1. R2) oEEFIXRILF— (NvT7

TXRILF—) BRRERICNHEET %,
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The energy generated at this time is transported to the heat exchange system 10 by thermal
conduction of the porous metal and liquid lithium that make up the cathode 2, and is finally

converted into energy such as electricity in the heat utilization system 11.

CHOELIRETBIIRILF—ISBEM2 2B T 2ZFLBERBYREU FULOBMREFICLD. #

R 27 L1 0ISEIRN., REMICEFIAS XTLL 1 TERFOIXRILF—ICEBRINS,

[0032]

At this time, by changing the voltage, pulse width, and number of high-voltage application
repetitions of the pulse power supply 4, the pulse discharge current can be changed, and the

amount of hydrogen ions flowing to the surface of the liquid lithium 9 can be adjusted.

COLENILABFREE4DEE. /NILRAE. SEEMMEDELEZEETSICED. N

ABBERNDPENL. REVFILIDRENDKEREA T VORNDEZRET 5 EHHKS,
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[0033]

As can be seen from (Equations 1 and 2), one hydrogen atom undergoes a buffer energy
fusion reaction with one Li atom, producing either 3He and 4He helium atoms (with an energy
output of 4.0 MeV) or two 4He helium atoms (with an energy output of 17.3 MeV). This
demonstrates that the amount of energy can be controlled according to the flow of hydrogen

ions.

(1. X2) SN BESITKZLFEICHLTL i DL1EREFHNEFIXRILTF—RKMERE L.
AN)ILEF3He, 4He (COBOIRILF—RE=IF4. OMe V) FiZdHeh 2FEF
92 (CORODIXRIF—RHRESEIZ1T7. 3MeV) OT. KEAA>OHRENIZIELTIRIL

F—2XHHTESZcERLTVWS,

[0034]
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Now, let's consider matters related to discharge conditions.

CCTC. NEXHICEAT 2FEZRETT D,

When a strong electric field exists in a hydrogen gas environment, the very small number of
electrons originally present in the gas are accelerated, and as they repeatedly collide with and

ionize hydrogen molecules, their number rapidly increases, resulting in a discharge.

KEXJEZERIC, BOERDEFEETIE. BLHEIMEWICH ST EDNDOEFHIMERI N, K&

NFEERERZEDIRT S ERICHNBERL. WEHNET B,

In this case, if the discharge initiation voltage is Vs volts, the gas pressure is ptorr, and the

electrode distance is d cm, then for the same type of gas, Vs is a function of pd only.

CHOrE. MERWMEEZV sHILbe L. HREAZptor r. EBfEEZzdcmEd 3L,

E—EDHIXTIE. VsidpdDHDEEHE B,
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When the electrode spacing d is kept constant and the gas pressure p is lowered, Vs gradually

decreases, but after reaching a certain minimum value, it rises again.

BEERdE—EICLTHREApE T3 L. Vs ERARARLTZD. HERIMEEATE

ULFEI 3

[0035]

This is because lowering p increases the mean free path of electrons, leading to greater
acceleration by the electric field and more active collisional ionization. However, once the
mean free path reaches a certain point, the number of electron collisions between electrodes

decreases, making collisional ionization less active, and Vs rises again.

ChiE. pzTiFse. BFOFHERITENMRCAD. BRICLZMEHNAE {EHERERNEA
ICBBcHTH BN HB L3I THFIERITENIRS LGS & EICEEEH TEFOEHELHD
BBDT, BREMHPNERERD. VsIIBULERT %,
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[0036]

In the case of pulsed discharge, if we select the region where 0.01 kV/cm < V < 1000 kV/cm

and 10° Torrcm < pd < 10* Torrcm, we can obtain an ion energy of approximately 1 to 10 keV.

Ty NILAMEDZSE. 0. 01kV,/ cm=V=1000kV./ cm. D
10-3Torrcm=pd=104torrcmDBEFEEZRBIRTD. 1F>IRILF—L

T. 1~10keVEEENFOSNDELDICHSB,

Hydrogen ions are accelerated by the electric field between anode 1 and cathode 2

containing liquid lithium 9, forming a flow of hydrogen ions.

KEAAVIEHEERL ERIE)FOLIZETTEEM2 DFRDERICEDIMESNT, KEAF DR

NZWT %o
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The flow of hydrogen ions reaches the surface of cathode 2 containing liquid lithium 9, and a

buffer energy fusion reaction occurs as shown in equations 1 and 2.

KEAFDORNUSKE) FOLIZZOEE2OREIELT. (X1, 2) OEREFIXRILF—

Ny T 7IRILF—) BRERIEHEET %,

The energy generated at this time rapidly heats the liquid lithium, but due to the heat transfer
effect of the porous metal and other materials constituting the cathode, it is rapidly

transferred to the heat exchange system 10.

COEERETHIIXRILF—IF. BEVFULZRRICMAT 3D BEZENTL2ZEEEF

DIEBHRICE D RRICAZRS AT L1 0ICRITT B,

[0037]
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The transferred energy is used to generate electricity or for district heating, etc., by the

thermal energy utilization system 11.

BITLIEIRILF -3 BIXIILF—FIASRTLLLICE>T. RESTNID., HEEREZFICHE

MFATNS,

At this time, in order to improve thermal efficiency, it is also possible to cover the reaction
vessel 7 around the heat-generating cathode 2 with insulating material to enhance thermal

efficiency.

C O, B LEDTH. RATZEM2 ALORICAS 7 2 TEL. PR Ez[DHBC

CHARETH B,

By controlling the pulse power supply 4 at this time, it is possible to temporarily stop the
discharge and eliminate the flow of hydrogen ions, thereby safely and easily controlling the

generated energy.
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COLENINRAEBRAZHETDCEICED. MEBZ—RHICIFELLKRI AV OFNEEREE

BZLLHARTREIXRILF—ZLLEICBRZICHETE 2,

[0038]

Therefore, according to the first embodiment of the present invention, it is possible to obtain
an optimal amount of energy generated according to the purpose, and to provide energy that

is easy to handle with few restrictions on use.

E-oT. AEHADOE 1 OEBHIEICEINL. BRICISNC TREBRIXRILF—HEEZFS LN

¥, FIALOHFIEN DA BD/MVWPTVWIRILF—ZRHTZIENTE S,

[0039]
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Figure 2 is a conceptual diagram illustrating cathode 2 in Figure 1, where Figure 2(a) is its plan

view and Figure 2(b) is its longitudinal cross-sectional view.

M2I3XK1DEMm2 ZHATZOOBIXTHD. K2 (a) FEOFERTHD. M2 (b)

I3 Z DMEIER TH %,

The cathode 2 is constructed by layering a porous plate 13 with excellent thermal

conductivity and a wire mesh 14 in a sandwich-like manner.

PEMR 2 (3. BMEEMOEBNZAR1IIE. &1 429 FIyTFRICBELIEDDTH 3,

As mentioned above, if the porous portion of the porous plate 13 is filled with liquid lithium,
even if localized heat generation occurs, the porous plate 13 will dissipate the heat through its

thermal conductivity.

ARD &K SICZFMR L 3DZAEBICKE) FULZBLLTESITIE. BENGERLIELTH, Z

Lk 1 3D AEERNR THAZHET B,
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Furthermore, the wire mesh 14 interacts with the condensation force of the liquid lithium,

preventing the liquid lithium from scattering.

IHcEMl 40N RIEVTFULOERNDECHEERZRIEL. RIEU FULOREZHLET B,

The perforated plate 13 can also be expected to provide structural reinforcement to the wire

mesh 14.

ZAMRL 313 &M 1 4 DEERIGHEBIROIFTE %

[0040]

Figure 3 is a conceptual diagram of a molten lithium nuclear fusion energy generator

according to a second embodiment of the present invention.
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313, AEADE 2 ORMREREDBRM) FULZKMEIRILF—HEREDOBRIKTH %,

The apparatus consists of a bottomed cylindrical reaction vessel 7 and an insulating plate 3A
that can close the opening of the reaction vessel 7. The apparatus container, which can be

evacuated under vacuum, houses an anode 1, a cathode 2, liquid lithium 9, hydrogen gas, etc.

BERRORICAET &« CORIGAZ: 7 DRAOERZMAZEAERRER 3 ALH 58D EZEH R

\)

AJRERERERSGNIC. BELE, BE2 . BREVFULI L. KEARFNAETNTL S,

The cathode 2 is cylindrical and is arranged on the inner circumferential surface of the
reaction vessel 7, while the anode 1 is columnar and is housed within the apparatus container,

with one end of the anode 1 being fixed through the insulating plate 3A.

B
5

PR 2 13, BRTH-T. RIGALE 7 OARAEICESRIN. FLBEELIZFRTH>TRER

ICIRECE SN D D5 1 O—iRERIFHEIR 3 A ICEBRIE SN TV 3,

Liquid helium 9 from a lithium replenishment system (not shown) is supplied to the bottom of

the device container, and the liquid helium 9 is in contact with the lower end of the cathode 2.
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RERENOEERICIF. RIRLBRWI FULMIRS AT LD SDRIEN) D LIHMEREIN. KR

BEANUTLIISREME2 D TFHERICEAMT DL SICHE>TUWLS,

[0041]

A heat exchange system 10 is installed on the outer surface of the reaction vessel 7, and the
entire outer surface of the reaction vessel 7, including the heat exchange system 10, is covered

with an insulating material 8.

RIGAZR 7 ONEEICIE. BB IT L1 ONWEHRIN. CORBKZHRS ITLL 02U RIGA

#= 7 DN BFEEEIE. BiEw 8 ICBHhNTL\ %,

The heat obtained in the heat exchange system 10 is configured to be supplied to the heat

utilization system 11.

B AT L1 0 TESNBRIAFAI AT LLLICHIETE 3L SICEBRTN TV S,
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A pulse power supply unit 4 is electrically connected between cathode 2 and anode 1.

ZLT. iR 2 B 1 DRICIZ. WNILREBREB4HDEGHICESRINTWLS,

A hydrogen injection device 5, located outside the device container, is installed inside the
device container so as to penetrate the insulating plate 3A and communicate with it, allowing

hydrogen to be injected into the container.

KERBABBICIE. KRDZEATNDS LS ICHKERTRNPREDKFZEIARES MEBFIR3 AZE

BLTEBTSELDICERETNTLS,

Inside the device container, a He recovery device 6, which is installed outside the device
container, is arranged to communicate with the device container by penetrating the

insulating plate 3A, so that He inside the device container can be recovered.

REREANIICIE. REBEAROH e NENTE B LS ICEERSENEPREDH e BIERE 6 H'

BRI AZEBL TCEBIZLSICEFRINTLS,
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The device container is equipped with a lithium measurement and purification system 15 so

that the state of lithium inside the device container can be monitored.

RERFICIE. REBRHBARADVFULOREZEZX—TESL DI FULFHAIRIER L 5HEC

[0042]

In this second embodiment, the cathode 2 and the liquid lithium 9 are in contact at the
bottom of the reaction vessel 7, so the liquid lithium seeps into the cathode 2 by capillary

action.

COLDICHEHINTVWEE 2 ORMIRERICEWVWT, BE2 EREVFILINRIGELR 7T DET

B L TVWBcOEMERKTE®R 2 RISKRIEYU FU LD LAHAT,

A pulse power supply unit 4 is connected between the cathode 2 and the anode 1. By
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performing a pulse discharge using hydrogen gas supplied by the hydrogen injection device 5,
a buffer energy nuclear fusion reaction occurs, and energy can be easily extracted by the heat

exchange system 10 and the heat utilization system 11.

PR 2 Ef5M 1 OIC/NILRAEBREE 4D ERSNTED. KFIARES ICKDHEINIIKE
HRCEDNILABEZTRIE. MEIRILF—RZMERIGHEL. BRI XT L1 0EXIUVH

MBS ATLALLICEDBRICIXRILF—2EO HE S,

At this time, the state of the liquid lithium 9 is monitored by the lithium measurement and

purification system 15, enabling stable long-term operation.

COB. RIEKVFULIDREIR. VFULFAMIERLSICED T2 —CNLELRKEREER

Z1TZ %

Furthermore, helium and other materials generated as a result of the nuclear fusion reaction

are removed from the system by the He recovery device 6.

Ffe. KAERIGOBREET DAV LFIE. HeOUERE6 TRAICHIRINS,
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[0043]

According to this second embodiment, the cathode 2 is arranged in a cylindrical shape,
increasing the reaction area, and the heat exchange system 10 is arranged around the outer

circumference of the reaction vessel 7, thereby improving efficiency.

COE2DEMEREICEINIL, B2 Z2ABRICECEL. RIGEEZEALESICAHRS AT A

1 0zRIibEEE 7 DAEICESRLIDOT, WROMLEZHS Z EHFIETDH S,

Furthermore, by providing the lithium measurement and purification system 15, impurities
contained in lithium can be removed, and the temperature of lithium can be measured,

thereby facilitating the nuclear fusion reaction.

B UFULEFHARMER L 5 ZRIFTcDT, UFVLRICTENZ APz ORE. UFY

LOBRESEIHNT 3EICL D RMARIGEFIRICTS S LA TE S,
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Furthermore, in the second embodiment, the device can be placed vertically.

Fle. B2ORMIERETIF. REDOMES N AIEE BB,

[0044]

Figure 4 is a conceptual diagram of a molten lithium nuclear fusion energy generator

according to a third embodiment of the present invention.

413, XEFADE 3 DEMIEDB/M FULKMEIRIILF—RERZREOHIXTH %,

The differences from the embodiment shown in Figure 3 are the general structure of the

apparatus container, the configuration of the anode 1, and their arrangement.

M3 DEmFEERCER S RIF. BREERSFE. BE1OBHRE. CNSDEEEBK TH S,
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The apparatus container consists of two bottomed cylindrical reaction vessels 7, 7 and an
insulating ring 3 interposed between them and integrally connected to each of the reaction

vessels 7, 7.

KERRIE. 220FEBFRORGEET, 78, COMINETNRIGERT, TrEnehn—

RRISER SN AR ) >0 3 L TRREINTWLS,

A cylindrical cathode 2 is positioned and fixed on the inner circumferential surface of the
lower reaction vessel 7, and a cylindrical anode 1 is positioned and fixed on the inner
circumferential surface of the upper reaction vessel 7. A heat exchange system 10 is installed
on the outer surface of the lower reaction vessel 7. Aside from the points mentioned above,

the configuration is the same as that shown in Figure 3.

RIGABET DS 5O TMIDORIGESE 7 ORAEICIF. FROE®R2 NMEERESN. LAlORES
27 OWNAEEICIE. FROBEE1LHAEERESINTWS, MIORKEAEZE 7 ONEEICIE. B

2T L1 0ONEERINTVS, UERARTcSUANDERIZ. B3 EFA—T#H %,
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[0045]

According to this third embodiment, in addition to the effects of the second embodiment, a
cylindrical anode 1 and a cylindrical cathode 2 are arranged in the axial direction of the inner
circumferential surface of the device container. This is effective in lengthening the discharge
length in hydrogen discharge conditions and also has the advantage of allowing for a longer

insulating ring 3, as it enables the application of a high voltage.

CDE I DEFMIZREICI UL, 2 DXBIEZEROMRUNC. BRERFRNEAEDEIRA RICEIRD
i1 . FROREM 2 NEREINTULEDT, KERERRICEVWT. RERZRC T35HEIC

BHTHD. FESBENMETEL T 370, B8 >V7 3EECRNBFIENDH 3,

As aresult, it is possible to obtain the optimal amount of energy generated according to the
purpose, and to provide a safe, stable energy source that is easy to handle with fewer

restrictions on its use.

COfER. BNICIGC TREZIXRILF —REEZTS ZeH R, FBLOFIRA DA BD

BUPT VR TRERT A E—FERET 5 LHTE 3,
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[0046]

Next, the heat utilization system 11 of the above embodiment will be described using Figure 6.

R K6 Z2RAVWTHORMAZEDHAFN A X T L L LICDWTEHREAT %,

Figure 6 is a flow sheet of a thermoelectric power generation system, in which molten lithium
coolant heated by the nuclear fusion reaction is guided from the reaction vessel 7, which
constitutes the nuclear fusion reactor, through piping 201 to the high-temperature part 203 of
the thermoelectric element (thermoelectric material) 205, which heats the part, and then
guided through piping to the circulation pump 202, which returns to the nuclear fusion

reaction vessel, forming a primary circulation loop.
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K6 id. ABEBREATLDIO—— L TH-T. KA RIGEBEZER T IRIGAE 7H 5%
BERISICE D MASINIAR FOLSEIMAEE20 12N LT, AEXT (AEYEH)
205DERE2 0 3 ICEHINYZERZMBAL F-BBERAR> T2 0 2 ICEEETELIN. UZARVT

20 2 TRAERISARICESIRRBRIL—T2EHL TW53,

[0047]

Meanwhile, a secondary heat removal loop for cooling and removing heat from the low-
temperature section 204 of the thermoelectric element 205 is composed of piping 206, a

circulation pump 207, and a heat dissipation device 208.

—h. BAERF205DEER2 0 4 ZAHRAT 32RRBAIIN—-—THEE206. BERRVT

207, MBARE2 0 8ICEDEHINTWL S,

The thermoelectric element 205 is in close contact with the high-temperature section 203 and
the low-temperature section 204, and electricity is generated by the temperature difference

between the high-temperature section 203 and the low-temperature section 204. In other
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words, it directly converts thermal energy into electrical energy. The generated electrical

energy is supplied to the load via cable 209.

BEZRF20505E82 03 EEE2 04 EDBEICIFABERF 2054 FBEINTULT. B&
2203 LIEREE2 04 LDBEEICINERERET S, b, BIXLF—2EEERTX

WX —ICEHTE, RELILBEIIXILF—E7—TIL209IC&DhEFICHIEI NS,

[0048]

According to the embodiment shown in Figure 6, since thermal energy can be directly
converted into electrical energy, an extremely simple power generation system can be

realized, and a fusion energy supply device that is economical and reliable can be provided.

M6 DEMHIREICEINE. BIXINF—ZERBERIRILF—ICEHRTESH. MO THELHE

BURATLZRETE, AR CEREICEALKME IR F—HEREZRM I BN TE
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[0049]

The present invention is not limited to the embodiments described above, and can be

implemented with the following modifications.

AFERIE. U ERRT-BEREEICFRESNT . ROLSICEFLTEBETE %

Figure 5 is a schematic cross-sectional view illustrating a modified example of the present
invention, in which the discharge pulse power supply 105 applied to the anode 102 and

cathode 101 is configured as a DC power supply.

X 5&. AFEBOER A ZHAT 5O DOFBSIERK THD. CCTIFHEHRL 02 LEMHRL 0 1S

NS HHMER/ULAEIRL 0 5 2 BAERL L TR LI:H0TH 5,

In such a configuration, a cathode with the configuration shown in Figure 2 may be used, or

the insulating material, heat exchange system, and insulating ring shown in Figure 3 may be
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used, or an insulating ring with the configuration shown in Figure 4 may be used, or a
combination of the insulating material, heat exchange system, and insulating ring with the

configurations shown in Figures 3 and 4 may be used.

COESBIBHDHDIC. K2 ICTIBROERZERALID. K3 ICRTAMKRURARES X
TLLICHER) I 2RI B L SICLIED. BICIIR4 ISR IR I =EALT:
D, %5V 3 RVE 4 ISR IBROBEAM R UVAZIRS X T LA ICHE) VT ZHEE 5 &

ICLTHKLY,

[0050]

In Figure 5, the energy supply device, which consists of a molten lithium electrode acting as
the cathode (101), a positive electrode (102), a hydrogen replenishment port (103), a container

(104), and a pulse power supply for discharge (105), ionizes hydrogen gas (106) by discharge.
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K5(CEWVWT. 10 1IEREAZ A/ FILEM. 10 21XHBEMR. 10 3IFKEHETL.
104388, 105IIMERANILIAEBEBRTER N IR —HGEEITZ. WEBICKXDKEAH

X106=ERT 5,

Hydrogen ions 107 are accelerated by the electric field and injected into the molten lithium
electrode 101. This generates a high-density ion-electron plasma on the molten lithium
surface. This high-density liquid ion-electron plasma destroys the Coulomb barrier between
atomic nuclei, and at the same time, the condensation forces acting between the nuclei bring
the atoms closer together to the reaction distance, inducing a nuclear fusion reaction. The
molten lithium contained in container 104 is converted into helium through a nuclear fusion

reaction.

IKBEAF L0 7TIREBRICK>TMES N, AR FULERL O LICHTERAENS. T5HL.
BRIV FIULREICRBEALY « EFTISAIDEREIN. CNOSRBEORIEAFY - EFT
SARICK >TRFREADI —OVEEZ MR T 2 LRAKICREFREICB < B#ENICE > T FF
MEEE RICEREICIESE. KMERIGEZFRSES. Bl 04ICARSNIAR) FU LA

IE. BRERICE DA D LICE#RTEN S,
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[0051]

Furthermore, as a modification of the present invention, by using deuterium instead of
hydrogen as the discharge gas in Figures 1, 3, and 4, the fusion energy neutrons generated in
the following reaction can be used as energy, or they can be used to irradiate depleted

uranium and produce new nuclear fuel.

Bio. ARBOZHAL LT, M1, M3, H4OKRBEARL LTKEORDDIC, BAZERL
BT UFORBICTRET 3HMATHILF —PHFE IRLE—L LTAWED, %t

SUIZERE L. S B ORSICRIBT 5 S LT E B,

[0052]

7Li+ D — 24He + n (Formula 3)
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7Li +D—>24He +n (®3)

[0053]

[Effects of the Invention] According to the present invention, it is possible to provide a
method for generating a molten lithium nuclear fusion reaction and a molten lithium nuclear
fusion energy generator that are easy to handle, can stabilize the discharge, prevent the

scattering of lithium, and can supply stable and safe energy.

[EBADZNR] xFERICELNIE. MEZZREICL. LD FULORAZMELZETRERET
FILEF—ZHETES. WOJ/LWP TV, BRL) FULKRMERICER G ER VAR F U L&

BIXRNF—REREZRHETSZZCHTES,

[0054]
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Brief explanation of the drawing

I 0D 5 B 7 B B

[0055]

Figure 1 is a diagram illustrating the schematic configuration of a molten lithium nuclear

fusion energy generator according to the first embodiment of the present invention.

1AFKADE 1 OXBIERDBEM ) 7V ARZME TR F —HEREDOBREK AT 57120

DX,

[0056]
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Figure 2 is a diagram illustrating the configuration of a molten lithium nuclear fusion energy

generator according to an embodiment of the cathode portion of the present invention.

2 ARPOEME D OEBIEDARM ) FULARMEIRIILF —HEREDBNZHAT SO

DX

[0057]

Figure 3 is a diagram illustrating the schematic configuration of a molten lithium nuclear

fusion energy generator according to a second embodiment of the present invention.

3AFEADEE 2 DRFEIZEDARM ) 77U LAKMETRIL T —HEXEDOHISIENZHPAT 720

DX,
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[0058]

Figure 4 is a diagram illustrating the schematic configuration of a molten lithium nuclear

fusion energy generator according to a third embodiment of the present invention.

4 KXFBADE 3 DEFAIEDFR ) FU LKRME TR F —REREOHIRRIBR ZHAT 5729

DX,

[0059]

Figure 5is a diagram illustrating the schematic configuration of a molten lithium nuclear

fusion energy generator for illustrating a modified example of the present invention.

SAXFKRADOERZHRAT 7. DBERM ) FU LZKME T RILF —HERBEDBIIRIEK ZHET

%TC&JGJO
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[0060]

Figure 6 is a diagram illustrating the heat utilization system 11 of the embodiment described

above.

6 RIRDERBHIEDOAFAL X T L1 1 ZHAT 2 7HDH,

[0061]

Explanation of the symbols

DA

dio

5
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[0062]

1...Anode 2...Cathode 3...Insulating ring 3A...Insulating plate 4...Pulse power supply 5...
Hydrogen injection device 6...He recovery device 7...Reaction vessel 9...Liquid lithium 10...
Heat exchange system 11...Heat utilization system 13...Perforated plate 14...Wire mesh 15...
Lithium measurement and purification system 101...Cathode 102...Anode 104...Container

105...Pulse power supply for discharge 106...Hydrogen gas 107...Hydrogen ions

1---faMR2 -2 3 - #aig') > U 3 A--iigik 4 NILABREES - KFEEIARKE6-H e[EIX

B7 - RISERO - REUFILL O BEHHES ZFLL L HRASRFLL 3 SR

i

14---2W@15---UFILFHAMERLIOL - BEMR1I02--fF&104--B8&105 - WERA/NIL

ABR106-KEHXLO T --IKEAHF Y
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