Europaisches

Patent Translate

European
Patent Offlce

Office européen
des brevets

Powered by EPO and Google

Notice

This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate,
complete, reliable or fit for specific purposes. Critical decisions, such as commercially relevant

or financial decisions, should not be based on machine-translation output.

DESCRIPTION JP2002116274A

[0001]

20-08-2026 - Page 1



[Technical Field to Which the Invention Pertains] The present invention relates to a method
for carrying out a nuclear fusion reaction using a molten salt or molten metal as a catalytic
solvent, and an apparatus for supplying nuclear fusion energy obtained by the nuclear fusion

reaction.

[(RBRDRET 2K MnE] AFRBIL. BAREXISEMEBZMERAIC L TITR S RMERICH A

HLU ABRERBICEDBIONSIKMETXRILF—ZHIG T 3XREICET %,

[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 produces virtually no radioactive waste.

AEBIIBFOFRICE > THIREEBEDA Y - EF /S AV ZRET IS RICA EZ =M
TRIELZBANET B, THIC. BEEREN ZREFFH LBVRRICPSLVWI -2 XL

F—2RME T ZBNET B,

[0003]

[Means for Solving the Problems] As a means of achieving the above problems, the present
invention is characterized by filling a box-shaped cathode with a molten salt or molten metal
containing or dissolved fusion material, and injecting ions accelerated by a gas discharge
plasma into its surface to generate a high-density ion-electron plasma, thereby reducing the

Coulomb barrier between atomic nuclei and bringing the atomic nuclei closer together to the

20-08-2026 - Page 3



reaction distance through the condensation force acting between them, thereby inducing a

nuclear fusion reaction.

[(REZERT DT-HDFER] LCREZZENT 5 FRE L TAERAIZ. BREMBEZHDTET S
BRI 2B F I ARER ZRREEPISHE L COREICHABE S A TIMRL 72
F2EFALTRBEDAZY - BFTS5ANVEERL. CNOSRBEDOIAY - BFFFXVIC
LOTRFRED I —OVEEZ KT 3 e HIC. RFREICEBCERENICE >T. RFHER

RIGEEREICAE €. BERIGEFERSE S L2/ T 5,
[0004]

Furthermore, the method is characterized by adjusting the molten salt components, using a
porous material for the electrodes that allows for the permeation or adsorption of fusion
materials such as hydrogen, increasing the density of electron ions to create a structure of
countless protrusions or sawtooth on the electrode surface, and applying a DC, AC, or pulsed

voltage.
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TSI, BARER D ORBEPERZKRFORMENEZEBXTIIRET 5ZFLEMEC LT
H, BEF 1T >OEEEZR > TEMKEZBEHOEEBE X IFERRE L. HNEEZE

e REASEWEI/NILRET B e =2/ E 9%,

[0005]

[Mechanism of Action] In this invention, the target nuclear fusion reactions include all
combinations of stable isotopes of hydrogen-hydrogen, hydrogen-lithium, hydrogen-
beryllium, hydrogen-boron, hydrogen-carbon, hydrogen-nitrogen, hydrogen-oxygen, and
hydrogen-fluorine, as well as those induced by secondary particles generated in the nuclear
fusion reactions of this invention, such as 3He. However, for the sake of explanation, we will

focus on hydrogen-lithium and hydrogen-hydrogen.

[EA) ARKBRICEWVLWT, RREBIZIEBMERSGIE. KE—KEKR. KE—UVFTL, KE—ARJ
I L. KE—FRTVER, KE—RE. KE—EBZXZ. KE—BE. KE—T7vEOLZRERNMNAEDLTO
HAEHEICMZA T, 3HeFDARBOKMERIGTRET I _INFHARITZIDHDHIRRE

53D HADER LKE—VFILEKE—KRIIDWVWTHAT %,
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[0006]

Lithium and hydrogen combine to form lithium hydride (LiH) according to the following

chemical formula (1).

F I LEKRIFROEFER (1) TKRIEUFTL (LiH) ZEKT 3.

LiH has a higher density than metallic Li and is stable in the atmosphere.

LiHIZL i EBICKRBENKT. KRHTHLRETH %,

The radius of the Li+ ion is smaller than the radius of the H- ion, and the two ions partially

overlap in space.

Li+AFFRIEH-AF FELIDNECEAF VIFEBBIC—BBERDE> TV B,
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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 F 22 BISaEE LORFRET —OVEEZRRY 3£ 5 ICEFERMREE
RUANBER DR FILEAEENZIBAE LONIRORRIGI (2) LU (3) OEMERLHES

Bo

[0007]

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.

CCTRADBELDRIGTRILF—IFA U RIEPEMZDEF T RILF—E L THREET NS,
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MeV stands for megaelectronvolt.

Me VIEXHEBFRILETH S,

[0008]

Next, between hydrogen atoms, i.e., 1H (proton) and 2H (deuteron), a nuclear fusion reaction

occurs in equation (6) which produces n (neutron), in addition to equations (4) and (5).

RIC, KERETHEHDELIH (BF) £2H (BBF) OBTIEZRD (4) XELY (5) Kicm

ZTn (PHEF) RED (6) NOKMERLHES .

[0009]
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Generally, when the implanted ion energy per nucleon is 100 keV or less, known as the
Lindhardt region, and especially in the buffer energy region near 1 keV, which is a feature of
this application, the nuclear stopping effect on the ion range in the material becomes

significant, and as a result the ions collide head-on with the atomic nucleus without exciting

the atom, some of the colliding ions undergo nuclear fusion reactions.

[0009] —MIC. RFHDDIFAAF I XRILF—H > bNIL MEFEIFIEND
100 keVHUTF. HICKBEORKHTH S 1 ke VIEEOEREIRILF—EETIIVMEFROF
URAZICH T AR DBE L RO A T D RFZMET 5 C E B FEFHREIEREREZ T S

&R BARAT D O—HIREBMERNZEITLSICR B,

[0010]

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

CDBEDORICHERIT TN (1) TEZXS5N %,
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[0011]

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).

[0011] E&E#KX (1) oBELOMERAFS (E) MUNME. ZOORFHRII—OVEEZ

BUOWTRIGERIOAE T 2HETHD. EGRAET - IRILF—TROHEA (2) TRINSB,

[0012]
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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.

[0012] EE#HI (2) ICHEVT. #HR (3) TREINBrridE/EMNz 1. 22D 2BDR

FROVBEEUCHIST 3K —THFETH B,

[0013]

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

formula (4).

tEE# (1) FOE SREFZKADOEFERIC K 3RFE T —OVEERRDOERT I

F—TROEHN (4) TRIN B,
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[0014]

In the case of the present invention, the shielding distance D is D = (aBa)'/?, where a is the
Bohr radius aB and the Wigner-Seitz radius a, and a is the electron number density ne, which

can be expressed by formula (5).

[0014] XEFHOL S WIFEDEMERD IZ. R—TFRaBrrysJ+r— 1A VUHEFaT

D (aBa) 1/2&RbD., aldBFHEEneTHRA (5) TRINS,

[0015]

In equation (1), the reaction cross-section increases by 20 to 30 orders of magnitude or more

due to the condensation forces between atomic nuclei in the molten material.
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[0015] #RX (1) (BB RIGETETE. BRYVERTIIRFREOREMREIT2 0HTEWLL

30MTIALEICHIEBEKRT B,

[0016]

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 THHE LIERMERICOAF)IZ. BARTES TLIEHEBREICHNIDZHERENDKR

IHEEZEZBNTWS,

Furthermore, a similar reaction is theoretically possible by creating a mixed fluid of Li and
metallized H under ultra-high pressure of 1 Gbar (gigabar), and the degree of increase in the

reaction cross-section is disclosed in the following document.

ZL T ARBRIGIIFRENICIZ1IGbar (FAN-I) OBREETOL i t2BILLICHDE

Atz D < NIEHRE L SNRIGETERDEREI RO XEICHTR SN TV S,
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S. Ichimaru and H. Kitamura, Physics of Plasmas 6, 2649 (1999); S. Ichimaru, Physics Letters
A266, 167 (2000). However, there are currently no promising technical means to generate

ultra-high voltage of 1 Gbar steadily in a space of practical size.

S.Ichimaru and H.Kitamura, Physics of Plasmas 6, 2649 (1999)S.Ichimaru, Physics Letters
A266,167 (2000) LA LB SKRAREOKRETIDZERTLIGb ar DEEEZESNICKESHE

BRMFERIFETOLEIAHATFTIT AL,

[0017]

In this invention, considering that a high-density electron-ion plasma is obtained in a molten
salt in the atmosphere, in addition to the degree of increase shown in the aforementioned
reference literature, ions are accelerated in a gas discharge plasma to make the reaction cross-
section significantly larger than the value in the thermal energy region of the ions, and then
injected into the molten salt or molten metal with energy in the buffer region to realize a

nuclear fusion reaction.
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FRFATREBEDETF - 14> 75 AVHATHOBMETESN TS L 2 ZEL T, AR
BIBEXMTRENTVBEARE ISR TRIGHERE 1 4> ORI % ILE —SEEOMEL D AIBICA
ECTBIDICA AV EA KBTS ATATIMRE L BEEHD T )L ¥ — TamE 7 588

ERFITEALBRERICZERIETZHDTH 5,

[0018]

[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.

[¥PRDRMDAZRE] AFKBRICH D B EMERICHREL EHS LUKME TR/ T —HGEEDERE

DFEREICOVWTKIL K2 #28B L TEHAY %,

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:
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cathode 2, anode 3, molten salt 4, hydrogen and deuterium gas supply port 5, lithium supply

port 6, insulating material 7, reaction vessel 8, and power supply 9.

LIIARBAHEZXRM T 2BRMERIGEKE 1 DEEOMBBEER TH> T, BEE2. BE3. &
AR 4. KR, BEKRARMWEAS. UFILMKRO6. #@EM7. RISIES. BRI DRIENE

ZTHEHEINTWS,

However, the anode replenishment structure and the cathode counterpart will be simplified.

fef2 L. BRSPS EHR T 5,

[0019]

Cathode 2 has a fusion material replenishment type structure and is made of a porous

material that is permeable to hydrogen and lithium.
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PEMR 2 IIRMEMEBREDBEZ L TED. KRRV FUVLZEBE LY TVSILEMR TRIES

nTWha,

[0020]

However, due to the high electric field generated in the discharge plasma in contact with the
molten salt surface inside cathode 2, hydrogen ions (deuterons) in the gas plasma are injected

into the molten salt surface.

LHLT. B2 DFROARIEREICEL TWARE S SATYHTRETZIEEHRDOEH. HR Y

FARHFDKERAZ Y (BElF) FAREREICEATNS,

On the other hand, electrons in the cathode gather on the surface of the molten salt, where
they, along with ions, generate a high-density plasma, which, according to equation (4),
increases the reaction cross-section in equation (1) with a shielding energy ES of 10 eV or

more.
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—7A. BEAOEFIIAMEBREICEED. CCTIAVEHIIGBET S AR ZEEL THA

(4) IC&NIE1L0 e VU EDERIRILF—ESTHR (1) ORGHERBEAETL T3,

[0021]

The reaction cross-section obtained by substituting this shielding energy and E = (2/3) keV,
which corresponds to the deuteron injection energy Ed = 1 keV, into equation (1) is very small,
but the degree of increase presented in the aforementioned cited literature is close to 10° to
10* in the example of the present invention, and the reaction cross-section of the nuclear
fusion reaction shown in the nuclear reaction equation (4) in the molten salt becomes

comparable to that of uranium fission.

R (1) IS, COERIRILTF—CERFDIAIRILF—Ed=1ke VICHETBE=
(2,/3) keVERALTESNSRIGHERIZIEREIC/NTWVWH., FIEES I BAXEKICIEREINTL
BIEREIIARKBOFTIZL 03040 1 040E< A& D, AREROFIREKKRGT (4) ISTRT

EREREORGHERN VS U LARAHDIZEICLB T 5L 51083,
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[0022]

In the example above, if you want to avoid the nuclear fusion reaction of chemical formula (6)

that generates neutrons, you do not need to mix deuterium into the molten salt.

LEREDHTHEFEEZTZILFEN (6) ORMERIGEEITIZWEEITARIEICEKRZEAL

BTWVWTEKL,

[0023]

The structure and discharge mechanism of cathode 2 and anode 3 are similar to or

comparable to those of a Penning discharge in a magnetic field, and it is also possible to
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increase the density of the molten salt surface plasma and make the power supply 9 AC or

pulsed.

PR 2 L[58 3 DIEES K UVREBRBISERARTOR Y ZVIREDZBEELLIFCNISEVWDHDT

HD. HERMERE TS AVBELER > TER EAB UV LIZ/NLLT S LHERETH 3.

[0024]

In the description of the embodiments of the invention above, lithium hydride is assumed as

the molten salt, but it may be substituted with a molten salt of another hydrogen compound.

BH. LEEEADOERMRERDOHATIHARIEE L TKRIELUFULZEBEL TVSEH. BIDKEL

BYDBERIEICEIRL TH KL,

Furthermore, if the acceleration is changed from hydrogen ions to lithium ions and the
injection energy is set to about 3.5 keV, the nuclear reaction equations (2) and (3) described

above will occur.

20-08-2026 - Page 20



X. MEEKEA AV TREUFILLAVICUEATRILE—%3. 5k e VIZEICT NI

azRIGH (2) LU (3) HET 3,

[0025]

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.

RIS, Bl THALEKMERIGEE 1 2P0 L THAAALRRRAICH D B ST RILF—

HIERBEDREOIREICOVTR 2 IR IRMEREBEEZ RMEH & L TEHAT %,

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.
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AEBICHD BRAMETRILF —HEEEIZ. FD010. K - AUDLDEMESRL 1. AU
LBERAR>YT1 2. RREFENREHR1 3. BiNass1l 4. ARERLS. ¥—Er16. HE

W17, BARTFL 8, MKMBARR L 9. (KR TF20h5BHINTWVS,

[0026]

The reactor core 10 is cooled by helium, which is used as a refrigerant. High-pressure helium
piping for cooling is laid vertically and horizontally within the fusion apparatus 1 shown in

Figure 1.

i1l OFR LIS I BMERE 1 OFICHHEICSERAREAY Y LEREDNEERINTED. AU

D LEAREE LTROZESAIL TV 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, so no radioactive waste is discharged.
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AEATIEIANU T LDRBRERI TH B DT, COMBERID SARIE Z K - N D LOE

MESE 1 1 THREL TIOD B LUFOICHE L TENRAT 3 1O BEHEREEY)ISBIE TR L,

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.

BEAVILERARY 1 2EFTEREBEIFENBE 1L 3D SHBKR T2 0 XFTORER

FRERBEDMEKBEFEFIFREREECRL TH S,

[0027]

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

to conventionally considered methods.
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[(3#BRDRR] AFBRICENIE. BREXISAHMEBTOREED AT - EF TSIV EEWVER
FREREENDZFAT S I CICED. kRS INIEANICEA. FEHI D REREEOFVRME

RISZRETETEZHDTH B,

[0028]

Furthermore, this invention has the characteristic of being a clean energy source that is
completely free from the environmental problems associated with conventional nuclear

power generation.

TSI AERATRIEREFRFAEBEORIZTLOBENEED I ) -V IXILF—TH35HeE

9 Do

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

radioactive waste.
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5. AEBOKME TIIER EBSIEREVIIFFESNB VL SICTE S,

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

a safe refrigerant.

R VISR ER AR Y LTIESNTUBAY T LH D5 TH 3.

Therefore, this invention simultaneously solves energy problems and the associated

environmental problems.

L7cht o T AERIEIIRILF—BEBS L. CNICHET 2REMEZFRICHERT 52HDTH

Bo
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