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[Technical Field to Which the Invention Pertains] The present invention relates to a nuclear
fusion reaction method using molten metallic lithium as nuclear fuel and catalytic solvent,

and to an apparatus for supplying nuclear fusion energy obtained by the nuclear fusion

reaction.

[(RBRDRET 2K MnE] AFRBIL. BRMER 7V LZRMEE K UMERRI & L TTR S R

BRIEFES LUV ZZAMERIGICEDRIFIONDIKMEIRILF—=2HieT 3 REICET .

[0002]

[Problems the invention aims to solve] 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.

(DR L & 5 & T 35RE] KRN SSHITHRMERRBOERICRDBZEBEDA(FY « &

FTIARIEKRERETEL TLRLY,
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The present invention aims to provide a nuclear fusion reaction method that generates the
high-density ion-electron plasma using existing means. Furthermore, the aim is to provide

environmentally friendly, clean energy that does not produce radioactive waste.

AEBIIBFOFRICE > THIREEBEDA Y - EF /S AV ZRET IS RICA EZ =M
TRIELZBANET B, THIC. BEHEREY ZEIH LBVRIRICPELWVWI U -2 I RILE —

ZIRIMI B ZBNET %,

[0003]

[Means for Solving the Problems] As a means of achieving the above problems, the present
invention is characterized by filling a box-shaped electrode with molten metallic lithium and
injecting negative or positive hydrogen ions accelerated by a gas discharge plasma or
extracted from an ion source into its surface to generate a high-density liquid ion-electron

plasma, thereby reducing the Coulomb barrier between atomic nuclei and bringing the
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atomic nuclei closer together to the reaction distance through the condensation force acting

between them, thereby inducing a nuclear fusion reaction.

[FRELRRT Z7-0ODFER] LFEFELERTIFERL LTARBI. ARESRB) FULEERK
ERAITEZLCOREICHARE S S XI TMEX IS A 7 VRN S5 H LIKROERISIEL A
VEIFIALTCERBREDOREAFY - BFT7ARZER L. CNOoBBEOREAFY - BEF TS
ARICE > TRERFRED Y —OVEEZFRT 2 cHIC. RFRAICEBCEBAICE > T, BF%

EEZ RIGERICIESE., BREMERICZEFRIES ZC2R/HFC I 5.

[0004]

Furthermore, the method is characterized by adjusting the components mixed into the
molten lithium, using a porous material for the electrodes that allows fusion fuel materials
such as hydrogen to permeate or adsorb, creating a structure of countless protrusions or
sawtooth on the electrode surface to increase the density of electrons and ions, applying a
voltage that is both DC and AC or pulsed, and injecting slow electrons along with hydrogen

ions.
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E5IC. BRI FULISEAT 3R ORBPEMEZ KEFORMEMEEEEB X IRET
BZBAMMBELIED. BFESIUVM TV OREELZER > TERKRE Z BERDEEEE X /I35
BRE L. ENINEEZERERBATVII/NILRIETZ I 8. S5 KEAF Y EHICEREF

ZEAT B EFHET B

[0005]

[Mechanism of Action] Lithium and hydrogen produce lithium hydride (LiH) in the following

chemical formula (1).

(fER] UF U LEKRIFRDIEFEIN (1) TKRIEIVF UL (LiH) Z2EKT 5,

LiH has a higher density than Li metal and is stable even in dry air.

LiHIZL i ®BICHREENAT,. ZEAKPFTHEETH D,
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The Li+ ionic radius is smaller than the H- ionic radius, and the two ions partially overlap in

space.

L i+ A FRIEH-AF FEIDNEKlA T VIEZEBBIC—BBERDE 2TV S,

Therefore, if the two ions are brought even closer together, and the electron shielding effect
and the internuclear condensation force within the molten body are increased to reduce the
internuclear Coulomb barrier, the nuclear fusion reactions shown in the following nuclear

reaction equations (2) and (3) will occur.

L7chto T B 7 02 BISaEE LORFREI —OVEEZRRY 3£ 5 ICEFERMREE
RUANBERDRF BN ZIBAE LONIRORRIGI (2) LU (3) OEMERKHES

Bo

[0006]
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Here, the reaction energy on the right-hand side of the equation is released as gamma rays

and the kinetic energy of the product nuclei.

CCTROBDORBIFILF —IEH Y VIR ERROEH T RILF¥ - L THRHES NS,

MeV stands for megaelectronvolt.

Me VIEXHEBEFRILETH S,

[0007]

Generally, when the implanted ion energy per nucleon is below 100 keV, known as the
Lindhardt region, and especially in the buffer energy region of 1 keV to 5 keV, which is a
feature of this application, the nuclear stopping effect on the ion range in the material
becomes significant. As a result, ions collide head-on with atomic nuclei without exciting the

atoms, and some of the colliding ions undergo nuclear fusion reactions.
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—fRIC. BRFEHODDFAAFT Y IRILF D) Y bNLEFHEMEEINS 100 k e VT #5IC
AEFEORHTHS 1 keVAEWLWL5 ke VOBREIRILF— CMIBHTIIMERO 4 VRIZ
ICX 9 BIZFALEMRNBE L BO A VD RFehEd 5 C E R RFHREEAEEZRZ § DR,

BRAT 2 D—AHERMERIGZEC T L SICH B

[0008]

In this case, the reaction cross-section is given by the following formula (1).

CDHEDORIGHERITTEHRA (1) TEZX5N 3,

[0009]
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Except for the cross-sectional area factor S(E) on the right side of the above formula (1), the
other elements are the probability that the two atomic nuclei penetrate the Coulomb barrier
and approach the reaction distance, and EG is the Gamow energy, which is expressed by the

following formula (2).

[0009] L&E#K (1) oBEIOMEREFS (E) UHF. ZO0RFENI—OVIEEZ

BEVWTKRICIEHICFIETAIHEERTHD., EGIFHET « IRILF—TROHA (2) TRINS,

[0010]

In the above formula (2), r* shown in formula (3) is the nuclear Bohr radius corresponding to

the reduced mass p of two types of atomic nuclei with charges z1 and z2.

[0010] EE#HI (2) ICHEVT. #HR (3) TRESNBrridE RNz 1. z2D2EDR

FROVBEEUCHIET 3R —THFETH S,
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[0011]

In the above formula (1), ES is the shielding energy of the internuclear Coulomb barrier
reduction by the electron ensemble around the atomic nucleus, and is expressed by the

following formula (4).

tE#H (1) FOE SREFZADOEFERIC K 3RF&E T —OVEERROERLT I

F—TRO#HH (4) TRIN B,

[0012]

In the case of the present invention, the main part of the shielding distance D is expressed by
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formula (5) with Bohr radius aB and Wigner-Seitz radius ae = (3/4mne)'/3 (ne is the electron

number density).

[0012] AEFHADKL S BIFEDEMRERD DEXERIZ. R—TFRaBeo1JF— AV

¥R ae= (3//4nne) 1.3 (neldBFHBE) THHA (5) THRIN B,

[0013]

The effective value of the reaction cross-section in formula (1) increases by 20 to 30 orders of

magnitude or more in molten metal due to the condensation force between atomic nuclei.

[(0013] #HR (1) ICBFZRICHEBRDORMNEIZ. BREBF CTIIERFREDEEIT20

HI WL 3 O EICHIEKRT %o

[0014]
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Examples of condensation-induced nuclear fusion reactions are thought to be nuclear

reactions within white dwarfs involved in the supernova process that occurs in nature.

RN THE LLERMERICOAF)IZ. BARTES TLSEHEBREICHNIDZEERENDKR

IREEZB5NTWVWS,

Furthermore, a similar reaction is theoretically possible by creating a mixed fluid of Li and
metallized H under ultra-high pressure of several Gbars (gigabars), and the degree of increase

in the reaction cross-section is disclosed in the following document.

Z LT ARERIGIERENICIEEGb ar (FAN-IL) OBREETOL | LEB{ELIEHDIE

Atz D < NEHERE L SNRICETERDOEREIRDOXEICHRIN TV S,

S. Ichimaru and H. Kitamura, Physics of Plasmas 6, 2649 (1999); S. Ichimaru, Physics Letters
A266, 167 (2000). However, there are currently no technical means to generate ultra-high

pressures of several Gbars steadily in a space of practical size.
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S.Ichimaru and H.Kitamura, Physics of Plasmas 6, 2649 (1999)S.Ichimaru, Physics Letters
A266,167 (2000) LA LB SKARBEOKRET IDZERTHGb ar DBEEEZEESNICKESHE

BRMFERIFETOEIAHATFTIT AL,

[0015]

In this invention, considering that a high-density liquid ion-electron plasma can be obtained
in molten metal at room temperature and atmospheric pressure, the theoretical treatment of
the degree of increase in the nuclear fusion reaction of lithium in ultra-high-pressure metallic
hydrogen shown in the above-mentioned reference literature is extended to molten metallic
lithium at atmospheric pressure. In addition, in order to make the reaction cross-section
significantly larger than the value in the thermal energy region of the ions, hydrogen ions are
accelerated in a gas discharge plasma or extracted from an ion source and injected into the

molten metal with energy in the buffer region to realize the nuclear fusion reaction.

AEATISBEDOREALY - EF IS AIRDNEEREEDSREBEFTESNEcZzERL

T\ AR IAXEATREN TV S EBRESRBAREFRD ) FU LOKME RICEREDERIK W2
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EEOARESE) FILICHERET 3 CICMA CRIGHERZ A A VORI RILF—HEFEOMELD
KIBICKZILK TREDICKERAA D EHABRE T SAIPFTINRERXISA A VIRELDFIHL. EEFE

BO TR ¥ —THARSERICIA LKRBERGERRT 500 TH 3.

[0016]

[Embodiments of the Invention] Embodiments of the nuclear fusion reaction generation
method and nuclear fusion energy supply device according to the present invention will be

described with reference to Figures 1 and 2.

[(¥PRDRMDIIRE] AFBRICH D BRMERICRER ES LURME TR/ F —HEEEDER

DFEICDOWVWTH L X2 #2B L THHEAYT %,

Figure 1 is a schematic diagram of the main components of a nuclear fusion reactor 1 that
implements the method of the present invention, and consists of the following components:
anode 2, cathode 3, molten lithium 4, hydrogen and deuterium gas supply port 5, lithium

supply port 6, insulating material 7, reaction vessel 8, and power supply 9.
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X 1I3ARAHEZRMT 2EMERGEE 1 OBOBIREER TH > T, HBHE2. ElR3. &
RUFIL4, KR BEKEAXMROS. VFIVLMERO6. @M 7. RIGIES. BRI DH

BERTHERINTLS,

However, the electrode replenishment structure, ion source filament, and low-energy

electron source near the molten lithium surface will be simplified.

ez L. EMOMRIBEC T F VIRT « T X2 b BRY) 77U LREAFEOEEREFRFIIHIEY

Bo

[0017]

Negative hydrogen ions generated in the ion source or discharge plasma are accelerated by

buffer energy and injected into the molten lithium surface without disturbing its atomic state.
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AFVIREXIFBET S AR TRET 3KROEA A VIFREIRILF— IR BRI F 7 L

KEDFERFREZE T EBEATNS,

On the other hand, lithium atoms in the anode, along with ions, generate a high-density
liquid plasma on the molten metal surface, and according to equation (4), this increases the

reaction cross-section in equation (1) with a shielding energy ES of 200 eV or more.

—7A. BEADOUFULRFIFAMEBRA T4V EHICEBERE TS AR Z2HEEL THA

(4) IC&NIE200 e VUL EDERIRILF—ESTHRX (1) okbHEEZAETL T3,

[0018]

Although the reaction cross-section obtained by substituting this shielding energy and E=1.8
keV, which corresponds to the hydrogen ion injection energy of 2 keV, into equation (1) is very
small, the degree of increase in the effective cross-section of nuclear fusion of molten lithium

with hydrogen is 10° or more in the example of the present invention, and the effective cross-
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section of the nuclear fusion reaction shown in the nuclear reaction equations (2) and (3) in

molten lithium becomes much larger than in the case of uranium fission.

#HX (1) IS0 COBRIRILF—CKRAFTVDFAIRILF—2ke VICRIGTDE=1.
8 k e VERA LTI/ SNBRICHTEBIFIEE IC/NT WAL BR) F 7 LDIKEE DS DER
MEREREIIAEBPOATIFL O3 0OU EEAD, A/ FULROFEERIGR (2) LUV

(3) IR RERISOEMMEEN D Z =T ARDEOBEICHERENCAETLL BB,

[0019]

If you want to avoid nuclear fusion reactions that produce neutrons, simply do not mix

deuterium with hydrogen gas.

PREFREZ T IRMERIGEEITIEVSEIZKEARICEKEZEALBITRUIZEK L,
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[0020]

The structure of anode 2 and cathode 3, as well as the ion acceleration mechanism, are
similar to those of glow discharge or ion extraction from a low-speed ion source. It is also
possible to increase the density of the molten lithium surface plasma and convert the power

supply 9 to AC or pulsed.

[l 2 EFEMR 3 DIBIES L U 7 VIEMEEILT O—MEDIHZEE L < IJMEERA 7 VRO 7 5]
HLUICEWDHDTHD., Br)FULRE TS IAYEEZR > TERI 23R8V LIE/NILZL

TBHZEHREETH B,

Additionally, an auxiliary electron source can be placed near the surface of the molten lithium

to simultaneously inject hydrogen ions and electrons at nearly the same velocity.

X, IKEAF 2 EFERIOGEVWEF2RAFEAT 2 1cODHBEF Rz A/ FU LREAS ICES

CCHTES,
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[0021]

In the above description of the embodiment of the invention, molten lithium is assumed to be
on the anode side, but it may also be used to replace it on the cathode side and implant

positive hydrogen ions.

BEH. EECHRBORMERDIRATIIHBEBAIOAR) FU LZEELTWVWSH . BEAICE#RLT

KEDEAFVZFATDELIICLTHEL L,

[0022]

Next, an embodiment of the fusion energy supply device according to the present invention,
which incorporates the fusion reactor 1 described in Figure 1 as the reactor core, will be

explained using the fusion power generation device shown in Figure 2 as an example.
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RIS, B1 THALICKMERIGEE 1 2P0 L THEAAALRRERBICH D B ZHME T RILF—

HIGREDRMOTREICOVWTH 2 ISR I RMERBREZ XA & L THRAT 2,

The fusion energy supply device according to the present invention consists of a reactor core
10, a fuel/helium separation pressurizer 11, a helium circulation pump 12, a fusion reactor
pressure vessel 13, a containment vessel 14, a steam generator 15, a turbine 16, a generator

17, a condensate pump 18, a feedwater heater 19, and a feedwater pump 20.

FEBICHD BRBEIRIILF—HGEEEIX. FO010. B - AUDLDEMESRL 1. AU
LBERAR>T12. KREIFENRER1 3. KA1 4. ARRER LS5, 2—E>16. ¥E

W17, BAKRT18. faKIMESR L 9. KR T2 0 5B EINTL S,

[0023]

The reactor core 10 is cooled by high-pressure helium piping laid vertically and horizontally
within the fusion apparatus 1 shown in Figure 1, using helium as a refrigerant, although

pressurized water can also be used as the refrigerant.
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D1 0IEK LICTR I KMAEEE 1 DRICHHEICAETESEAU U LRRENBEERINTED. AU

D LZARELTROZSH L TWARDAEZMEKETEIEDHTE S,

In this invention, since helium is a combustion product, the fuel material is separated from
this combustion product by the fuel/helium separation pressurizer 11, removed, and returned

to the reactor core for reuse, thus no radioactive waste is generated.

AEEATIEIAU T LDRBERI TH B DT, COMBERID SARIEZ K - N D LOH

MESFL I THEELTEOHLUFGICHE L TBHRAT 2 7OBEIEREDITECE 0,

Furthermore, all elements from the fusion reactor pressure vessel 13 to the feedwater pump
20, excluding the helium circulation pump 12, are the same as those in a conventional

pressurized water reactor power plant.

BEANUVDLBRRYT1 2 ET2R<EREFENTR L 3NSHKRT20XFTORER

IFRERBEDMEKBERFIFREBEEE LR L TH S,
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[0024]

[Effects of the Invention] According to the present invention, by utilizing the high-density
liquid ion-electron plasma and strong internuclear condensation forces in molten metal, it is
possible to provide a simpler and more feasible nuclear fusion reaction compared to

conventionally considered methods.

[(#BBDZNR] AFHRBICINIL. FREBTORBREDOREAL Y « BEF TSI LBVREFZE
BENZEFRAT B LICED. IEREFSTNIARNICHER! BELID. RREOSVERMERIGE

RIHTETBZDHDTH B,

[0025]

Furthermore, this invention is characterized by being a clean energy source that is completely
free from the environmental problems associated with conventional nuclear power

generation.
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E5IC. AEATRREREFRFAEEORE LOBMENEED I ) -V IXILF—TH3HHzE

ERCE

In other words, the nuclear fusion technology of this invention can be made virtually free of

radioactive waste.

5. AREBAOKME TIREXR LBSIEREVIIFFH NG VL SICTE %

This is because the combustion product is helium gas, which has recently been recognized as

a safe refrigerant.

IGERIIIFREREL LTHFHAESNTVBANU D LAHREN S5 TH B,

Therefore, this invention simultaneously solves energy problems and the associated

environmental problems.

L7ch' > T AEBRREIIRILF—BEBES LU, CHICHET 3REMEZFRICHERT 52HDTH
%o
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