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[Technical Field to Which the Invention Pertains] The present invention relates to a neutron
generator used in various fields, such as non-destructive testing of various materials utilizing
the high penetrating power of neutrons, and neutron-induced nuclear reactions utilizing the

high reactivity with atomic nuclei.

[(RBRDRE T 2 KM nE] AFERBIIFEFOSVEEEZFAE LICREYEDIFRIERE. RF&
EDRISEDR T ZFA LIcPEFHERRNFEAONF TERASN TV SHEFREREICHK

Hn3o

[0002]

[Conventional Technology] There are currently three types of neutron sources in use: nuclear

reactors, accelerators, and neutron-emitting radionuclides.
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[(TeRDEAMT] WAEEB SN TVBZIFEFRICIIEFF. IhEEFA. £ L THREFREZXED 3

BEN D B

The first type of reactor utilizes neutrons generated by nuclear fission within the reactor,
while the second type, accelerator-based reactors, uses a proton beam accelerated by the
accelerator to collide with targets such as tungsten and uranium, generating neutrons
through the spallation (fragmentation) process of the atomic nucleus. The final neutron-
emitting radionuclides utilize neutron radiation emitted from radionuclides such as Cf-252,

which release neutrons during their decay process.

F1DEFFIZRFIFRATORDRICE >THRETZIFUEFZHAEITZHDOTHD. F2 DIESE
FRIZIEESRICE > TIRS B FREX VT RTY, DIVFEQZ—7 Y MCEEREE. RF
BROIANL—3 Y (KR BRICEDFUEFZRESEZILOTH S, HEROPHEFERIIZE

(FRHEEIE THMEF R T B CHR252F DB SHH SN2 PIEFIRZFBIZHDTH B,

[0003]
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[Problems the invention aims to solve] Conventional neutron sources have the problem that,

in the case of nuclear reactors, they are large and have significant limitations in their use.

[EEADERL & 5 &9 3RE] WROPHFROFEL LTI RFFOHEIIRETHD. Fl

A EDRIEHKE L,

Using accelerators requires large-scale accelerators and is not something that can be easily
utilized. The third type of neutron-emitting radionuclide is small and easy to handle when
used as a mobile source, but it has the disadvantage of limiting its applications due to the

relatively small amount of neutron radiation it emits.

IEZEF A DIZEIIARBEDIEEHIVETH D, BEICHATESHDTIFEL. E3DFMEF
MR IIBERRRE L TR SHEI/NETRVLPL T LA B EINSPIEFRENLLEB/NT L

e, MAENHFIRESNZ RN D S,

[0004]
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Therefore, the objective of this invention is to provide a neutron generator that has few

limitations in use and is easy to handle.

EC T AEBTIIFALOFIRENADZ < BOFWPTVWHRRFREREZRM IS cZBN

9 %o

[0005]

[Means for solving the problem] In order to achieve the above objective, the present
invention utilizes the non-thermonuclear fusion reaction shown in (Equation 1) below as the

neutron generation process.

[(FREZMRT ZT-ODFER] FIcBEMNZERT 57D, ARATIF. PUFEEBECLT T

it (1) DIFRERMERLZFAT 3.
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[0006]

7Li + d — 24He + n (Equation 1) Neutrons are emitted when 7Li is irradiated with a deuterium

ion beam.

7Li +d—>24He +n (H1) 7L i PICEKEZEAAVE—LEBHGHTIZZICED. B

FHRETET NS,

[0007]

Equation 1 shows that a non-thermonuclear fusion reaction between one atom of 7Li, an
isotope of lithium on the left side, and one atom of deuterium d produces two helium atoms

(4He) and a neutron n on the right side.
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(1) 1. BIZOVFILORLMED—FEIL i D 1LEFELEKEDD 1 EFOIEBRRRESRIE

IC&D. BADANITLEF (4He) D2RERFEFEFnHERT B 2R LTS,

[0008]

Since this reaction terminates immediately upon stopping irradiation with the deuterium ion
beam, neutron generation can be easily controlled. Furthermore, because there is no

radiation emission when not in use, it is possible to provide a neutron source that is easy to

handle with few restrictions on its use.

CDRIGIFEKEA TV E— LOBRNOFIETHEICKR T T25DT. BHICHEFEEDOHIEHF

BETHO. EFALABVE FITIIRFIROBEIEWH. FIB LOHIEN DA SEDKZVG LT

FRZIRME T3 EHFIETDH B,

[0009]
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To achieve the above objective, the invention corresponding to claim 1 is a nuclear fusion
reactor characterized by inducing a non-thermonuclear fusion reaction by irradiating the
surface of a liquid lithium or alloy of lithium with a metal that acts as a catalyst for nuclear
fusion reactions with a deuterium ion beam, and making the neutrons generated in the

process available as a neutron source.

NEENEERT 570, BRELICHST 3RER. BREROUFY L, USKRHEREOHE
RER SR DALOREICEKE 4 — LEBET 3 C 2 Ic & D EBIRRMA REE HR
L. ZOMICHET ZHMFERMTREL LTRIATRY L2t 2198 T 3 RRMAaRGEET

HBo

[0010]

According to the invention corresponding to claim 1, a non-thermonuclear fusion reaction is
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induced by irradiating the surface of liquid lithium or an alloy of lithium and a metal that acts

as a catalyst for nuclear fusion reactions with a deuterium ion beam.

FAKIE LI Y 2REAICENIE. RIFRKDD FU L. XIIBRMERLOMBEIERZHOEB LD

BEDRENICEKREAT VE-LZRET S CICKDIFABRRMERICZFFHET %,

During this process, neutrons are generated according to (Equation 1), and these are used as

a neutron source.

ZFORRIC (1) ICRVWPEFIRETEH. ChzehitFRELTHAT %

[0011]

To achieve the above objective, the invention corresponding to claim 2 is a neutron generator
according to claim 1, characterized in that the amount of neutron beam generated can be

controlled by adjusting the amount of deuterium ion beam irradiated per unit time.
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RISCEMNZERT 2708, FHKE 2 (SIS T 2 HERBIE. BURKEICRA T 3EKRA T E—LD
EZHMIBCEICEDRETEIRRFE-—LOREEZHIEIEE LI e 25 T 25FKIE

LICECHOFREFRERETH S,

[0012]

According to the invention corresponding to claim 2, in the invention corresponding to claim
1, the amount of neutron radiation generated changes according to the irradiation amount of

the deuterium ion beam, so the amount of neutron radiation generated can be controlled by

adjusting the amount of deuterium ion beam irradiated per unit time.

FORIE 2 ICHIS T B FEBRICE L. FERBLICHIGT 2FEBRBICEWVWT, BHETIEKRIAVE—

LOBHEICRVWEETS3PFUEFREDN BT S CICHD . BURBICERHN T 2EKEAA

SE—LOBERH TS LICEDRET SPUFE - LORERBEFHMTE 3L 5129510T

HBo
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[0013]

To achieve the above objective, the invention corresponding to claim 3 is a neutron generator
according to claim 1, characterized in that the emission distribution of neutrons generated
can be controlled by adjusting the spatial density distribution of the irradiated deuterium ion

beam.

RIECEMNZENT B7c8. KB ICHICT 2HEBIL. BETIEKRAF Y E—-LOZEFHNGE
ERhmzRiid 3 ICKDRETIFEFORN I HFZHIEHAIREE LI L 2R e 555

B LICEEHOPIEFHRERETH S,

[0014]
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According to the invention corresponding to claim 3, in the configuration of the invention
corresponding to claim 1, the distribution of the generated neutron dose also changes
according to the spatial distribution of the irradiation dose of the deuterium ion beam.

Therefore, the distribution of the generated neutron beam can be controlled by controlling

the distribution of the irradiated deuterium ion beam as needed.

FRKIEIICHR T BHEBICEI NI, FBHKRELICHINT 2HEBOBICEWVWT. BRTIEXKEAF
YE-LOBNEOZEMAHICRKVWEET 2R FREODHORNT S LICRD D, BHET
BDEXKRAAVE-LODHELBICIGCTHIE TS CCICEDEET 3HEFE-LOEEED

medElTEI3ELIICTHHDTH S,

[0015]

[Embodiments of the Invention] An embodiment of the neutron generator according to the

present invention will be described below with reference to the drawings.
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[(FEADEEDOAIRE] U TICKERBICRZIPEFRERBEDORBOMREZRICE I EEHRAT 5,

[0016]

Figure 1 is a conceptual diagram of a neutron generator according to the first embodiment of

the present invention.

1ISAFERBDOE 1 REFEOPEFREERZEDOH IR TH 5,

In Figure 1, the neutron generator contains liquid lithium 1, electrodes 2, deuterium gas 6,
etc., inside a reaction vessel 4, and consists of a power supply 5 connected between the

electrodes 2 and the liquid lithium 1, and a switch 12 for turning the power supply 5 on and off.

M1ICEWT. PEFREREIIRICEEFAANIC. RIEVFILL, ER2. BIKEAX6FZIX
BLTED, ER2EBEAEVFULLIOMICERENILERS & BRSOA VA TZITIXAY

FL2h5BHEIND,
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In the diagram, arrow 7 indicates the flow of deuterium ions, and arrow 3 indicates the flow of

generated neutrons.

MAT7 ORENIEBEKRA T DFNZRLTED. REI3BFEELLPEFORNZTRLTL

Bo

[0017]

Next, the operation of the first embodiment will be described.

RIC. B 1EMEFEROIERICDWTEHETY %,

[0018]
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In Figure 1, a voltage is generated by a power supply 5 connected between the liquid lithium
1in the reaction vessel 4 and the electrode 2 positioned above it. By closing the switch 12, a
voltage is applied between the liquid lithium 1 and the electrode 2, causing a discharge to

occur in the deuterium gas 6 sealed inside the reaction vessel 4.

MLICEWT, RIGB#|ARDBE)FIOLLE, £DOLAICEEL/CEMR2 ORICEHRL IcER
S5ICEDEELICBEZRIYyFL2%ZHAL3 e TRIAVFULL EEE2 ORICEEZEINN

L. REBEARICHALICEKRA XA THREZHESE 5,

Upon discharge, some or most of the deuterium gas 6 is ionized to form deuterium ions.

BICEDEKEN R 6 D—BRIEFL A LD EE LEKEL > LB,

Deuterium ions are accelerated by the electric field between electrode 2 and liquid lithium 1,

forming a stream of deuterium ions 7.

BEKRATVIEER2 EREVFILLDOBDBFRICEKDIMEINT, BKRAFDRNT 2

LY %o

20-08-2026 - Page 15



The stream of deuterium ions 7 reaches the surface of liquid lithium 1, inducing the non-

thermonuclear fusion reaction (Equation 1).

BKRAAVORNTIZREVFOLLIOKRAISGEL T, (1) OIFAKRMERISHFRIN

Bo

The neutrons n generated by this reaction are emitted upward, forming a stream of

generated neutrons 3.

CORIGICEDEETBZIFEFnIFLEAICHEHEIN. REPEFORNI ZHHT 2,

If switch 12 is opened at this time, the discharge stops and the flow of deuterium ions 7
disappears, so the flow of generated neutrons 3 also disappears, making it easy to control the

generation of neutrons.

COEERMYFL2ZRAFIFHBIMFLLEKRAA Y DORNT IFERT 2D THEFEFOR

N3HHERL. PEFOREZEZICHIEATRR L B 5,
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[0019]

Figure 2 is a conceptual diagram of a neutron generator according to a second embodiment

of the present invention.

2 [IAFRBDE 2 REFEOPEFREERZEDOHZKTH S,

In Figure 2, the neutron generator contains liquid lithium 1, electrodes 2, deuterium gas 6,
etc., within a reaction vessel 4, and is connected between the electrodes 2 and the liquid
lithium 1, and consists of a variable power supply 8 that can freely change the voltage or

current.

M2ICEVWT. PEFREREIIRICEEFAANIC. RIEVFULL, ER2. BIKEAX6FZIX
BALTHEDH, EWM2ERIEVFULIOBICERIN. BEXIZERZBRICEEANRELAIEREE

R8N OB E NS,
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In the diagram, arrow 7 indicates the flow of deuterium ions, and arrow 3 indicates the flow of

generated neutrons.

MAT7 ORENIEBEKRA T DFNZRLTED. REI3BFEELLPEFORNZTRLTL

Bo

[0020]

Next, the operation of the second embodiment of the present invention will be described.

RIS, RFEBADEE 2 REEAREDITERICDOWTEHREAT %,

[0021]
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In Figure 2, a variable power supply 8 connected between the liquid lithium 1 in the reaction
vessel 4 and the electrode 2 positioned above it applies a voltage between the liquid lithium 1
and the electrode 2, generating a discharge in the deuterium gas 6 sealed inside the reaction
vessel 4. As a result of the discharge, some or most of the deuterium gas 6 is ionized into

deuterium ions.

M2IcBVT. RISARANOKREY FILLY. TOLHICERELLEE2 OMICERLLTZ
VBB ICL D RIEUFILL L BE2 OBICEEZEML. RISESE4RICHA LEAEA
Z6HTHREERES LR LICED. MBICE DEKRH R 6 D—ERIIFL A LHERLEK

R1A> B

[0022]

Deuterium ions are accelerated by the electric field between electrode 2 and liquid lithium 1,

forming a stream of deuterium ions 7.

20-08-2026 - Page 19



EKRAAVIIEB2 EREVTFUVLLOBDEBERICEKDIEESNT, BEXRAAVDRNT 2

LY %o

The stream of deuterium ions 7 reaches the surface of liquid lithium 1, inducing the non-

thermonuclear fusion reaction (Equation 1).

BKRAADORNTIFREVFULLIOXRAISGEL T, (1) OIFAKRMERIGHFRIN

Do

[0023]

The neutrons n generated by this reaction are emitted upward, forming a stream of

generated neutrons 3.

CORIGICEDEETBZIFEFnIFLEAICHEHEIN. REPEFORNI ZHHT 2,

At this time, changing the voltage or current of the variable voltage or current power supply 8
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changes the discharge current, which allows adjustment of the amount of deuterium ions

flowing 7 onto the surface of the liquid lithium 1.

CHOEETBEXBERAREERSDEEXIIBERZEET 5 LHEERDEMLL. BRIEVFUL

/

1DRENDEKEZAFTVDRNT DEZRHET TS eh kKB,

[0024]

As can be seen from (Equation 1), one atom of 7Li undergoes a non-thermonuclear fusion
reaction with one deuterium atom, producing two helium atoms (4He) and a neutron n. This

shows that the amount of neutron flow 3, i.e., the amount of neutron generation, can be

controlled in proportion to the flow of deuterium ions.

(1) HSPHBESICEKZLMMTLTIL | O LEFHAFIERZRERIGL. NI LERF
(4He) M2EREFEFUFNIERKTEZDT. BKEA A VOFENICLHIL THEFDOHRNID

B, IO FREEZHETE S 2R LTVS,

20-08-2026 - Page 21



[0025]

Therefore, according to the second embodiment of the present invention, it is possible to
obtain an optimal neutron generation amount depending on the purpose, and to provide a

neutron source that has fewer restrictions on use and is easy to handle.

- T ARHADE 2 EMERERICENIL. BRICIGC TREGPEFREEEZSS D HE. 7

FAEDEIRADE <. BBV T WRHE SRR IZET 5 A TE 3,

[0026]

Figure 3 is a conceptual diagram of a neutron generator according to a third embodiment of

the present invention.
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3IFAHADE I XIEEOFEFREREOHZK TH 3,

In Figure 3, the neutron generator contains liquid lithium 1, electrodes 2, deuterium gas 6,
etc., in a reaction vessel 4. It consists of a power supply 5 connected between the electrodes 2
and the liquid lithium 1, a deuterium gas cylinder 11 connected to a deuterium gas supply
port 10 provided in a part of the reaction vessel 4 to supply deuterium gas, and a deuterium
gas pressure regulating valve 9 connected between the deuterium gas supply port 10 and the
deuterium gas cylinder 11 to regulate the pressure of the deuterium gas inside the reaction

vessel 4.

HM3ICE VT, PHEFREREIIRIGAFANIC. REVFILL, EE2. BKEHTRX6FZI
BLTED, ER2EREVFULLOBICERENICERS & RIGEE4 D—EBICEITTcEK
RAZEREO L 0 IS N, BEKRAR MBI BEKEAIRIANL L &, EXKEH RO
10 LEKRFBARRIUNL 1OFICEBINTRICAZR 4 NDEKRHADENZRE T HEKE

HRAEFRBRANILT IO SR END,

In the diagram, arrow 7 indicates the flow of deuterium ions, and arrow 3 indicates the flow of

generated neutrons.
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MHTT7 ORENIEBEKRZAF>DRNERLTED. REN3BFEELICPEFORNZRLTY

Do

[0027]

Next, the operation of the third embodiment will be described.

KiIC. EI3EMEREDIERICDOWVWTERRATY %,

[0028]

In Figure 3, a voltage is applied between the liquid lithium 1 in the reaction vessel 4 and the

electrode 2 positioned above it by a power supply 8, generating a discharge in the deuterium
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gas 6 sealed inside the reaction vessel 4. As a result of the discharge, some or most of the

deuterium gas 6 is ionized into deuterium ions.

HM3ICE VT, RIGBGBAADKEKIFUOLLE, ZOLEAICERELLER 2 ORICERLALER
BICED. REVFULILILEM2 OEICEEZEML. RICBEE 4RICHALILEKEHAXE6H
THREZRETEZIEICED. WEBICKDEKERARX6 D—MBRIFIFLACH EB LEKET T

TR Bo

Deuterium ions are accelerated by the electric field between electrode 2 and liquid lithium 1,

forming a stream of deuterium ions 7.

BEKRA T VIEER2 EREVFOLLDOBDBFRICEKDIMEINT, BKRAFVDRNT 2

LY %o

The stream of deuterium ions 7 reaches the surface of liquid lithium 1, inducing the non-

thermonuclear fusion reaction (Equation 1).

BKRAAVORNTIFREVFUOLIOKRAISEL T, (1) OIFAKRMERIGHFRIN

Do
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[0029]

The neutrons n generated by this reaction are emitted upward, forming a stream of

generated neutrons 3.

CORIGICEDREETZIHAMFnIZEAICHESIN. BEFEFORNI ZHKT %o

At this time, adjusting the deuterium gas pressure control valve changes the deuterium gas

pressure inside the reaction vessel 4.

COEZTEKRRARETRABNILIT ZRET 3. RDBEFEARNDEKEARXENIED S,

[0030]
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When the deuterium gas pressure in the reaction vessel 4 changes, the discharge state
between electrode 2 and liquid lithium 1 changes, the density (amount) of deuterium ions
produced changes, the amount of deuterium ion flow 7 formed between electrode 2 and
liquid lithium 1 changes, and as the deuterium gas pressure changes, the collision frequency
between deuterium gases in the deuterium ion flow changes, so the discharge state of the

kinetic energy of the deuterium ions changes.

RICBBA4ARNDEKEHREANEDLZ . BB2 LR EDVFIL1LDOBOKRERENAEILL. £
HMENZEKEAAVOERE () HEILL. EB2 EREVFILLDOBICTERINZEKET
FoDHRENTDENEDLDEEBHI. BEXKEHREADELICHWEKES AV DRNOFTHE

IKRARABLDOERBEENZEILT ZDT. BXKEA TV OEHTXRILF —DOREBREHELT B,

These effects alter the amount of reaction (Equation 1) occurring between deuterium ions
and lithium atoms that reach the surface of liquid lithium 1, thereby allowing control over the

amount of neutrons generated.

NODHET, REVFIVLLIOREIELLEKEA AV EVFUVLRFORIGTHS (I

1) ORIOEEEHEIL. FEFREEZHIETE 3,
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[0031]

Figure 4 is a conceptual diagram of a neutron generator according to the fourth embodiment

of the present invention.

A4 IAHBADE 4 R EOFEFRERXEOH IR TH 5,

In Figure 4, the neutron generator consists of a reaction vessel 4 containing liquid lithium 1, a
movable electrode 13, deuterium gas 6, etc., and a power supply 5 connected between the

movable electrode 13 and the liquid lithium 1.

M4ICE VT, PEFREREIIRIGESFAAIC, BRIEVFILL, FI#EEL 3. EKEHXG6

FeNELTHDO, AHEMRL 3eREVFIULLOBICERINICERS D SBHIND,

In the diagram, arrow 7 indicates the flow of deuterium ions, and arrow 3 indicates the flow of

generated neutrons.
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MPT7 ORENIEKRA T >DFNZRLTED. RE3BFEELLPFEFORNZTLTL

Bo

[0032]

Next, the operation of the fourth embodiment of the present invention will be described.

RIS KFEBADE 4 REEAREDOITERICDOWTEHREAT %,

[0033]

In Figure 4, a voltage is applied between the liquid lithium 1 in the reaction vessel 4 and the

movable electrode 13 positioned above it by a power supply 8, generating a discharge in the
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deuterium gas 6 sealed inside the reaction vessel 4. As a result of the discharge, some or most

of the deuterium gas 6 is ionized into deuterium ions.

RA4IcEVWT, RISCARANOREIFULLE, TOLAHICEELAIEE®E L 3 DRBICHERL
EBRSICED. REVFILLETHEEL 3OMICEEZNML. RIGBFARICHALLE
KRARGPTHEZRESE S LICED . BMEICKIDEKRAR6 D—HXIIFLACHER

LEKEAA RS,

Deuterium ions are accelerated by the electric field between the movable electrode 2 and the

liquid lithium 1, forming a stream of deuterium ions 7.

EKRA T VISAEFEE2 ERIEVFIOLLOBDOERICEDIRESNT, BEXRAFDRNT

ZTRS %o

The stream of deuterium ions 7 reaches the surface of liquid lithium 1, inducing the non-

thermonuclear fusion reaction (Equation 1).

BKRAAVORNTIFREVFUOLIOKRAISEL T, (1) OIFAKRMERIGHFRIN

Do
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[0034]

The neutrons n generated by this reaction are emitted upward, forming a stream of

generated neutrons 3.

CORIGICEDEETZIFEFNIFEFICHEHEIN. REPEFORNI ZHMT %,

When the movable electrode is moved, the electric field between the movable electrode 13

and the liquid lithium 1 changes, and the distribution of the deuterium ion flow 7 changes.

COEERFHERZEH T EAIEEML 3 LKAV FILLIOBEDERDVENLL. BEKFEAF D

MNT DDHEHELT B,

When the distribution of the deuterium ion flow 7 changes, the distribution of deuterium ions
reaching the surface of liquid lithium 1 changes. As a result, the distribution of the reaction

(Equation 1), which is the reaction between deuterium ions and lithium atoms that reach the
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surface of liquid lithium 1, changes, and consequently, the distribution of neutron generation

changes.

BIKRAFVDRNT DRHEHET D ERIE)FILLDOREIET ZEKEA TV ORHHE
T2 ICB2dHD BREVFOLIOREIGELLEEKRAA DV E)FIOLRFORIGTH S

(1) ORBOREEDODHHENL. ENCLIDPUFREEDDHNEDL S IR D,

According to a fourth embodiment of the present invention, this property can be used to

control the distribution of neutron flow.

RHEBDE 4 RIEFZEICI NI OMEZFA L THEFORNDODHZ HHIETE 3

[0035]

Therefore, according to the fourth embodiment of the present invention, it is possible to
obtain an optimal distribution of neutron generation amount depending on the purpose, and

to provide a neutron source that has fewer restrictions on use and is easy to handle.
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Eo T AHEBAOE4RBEIEICED. BRI TRELRFREFREEDNHZFDS ZLHH

. FIALOSIRADE L. RO BVPTVRETRERIRET 5 LD TE 5,

[0036]

Figure 5 is a conceptual diagram of a neutron generator according to a fifth embodiment of

the present invention.

53AFKBADE 5 X ROPIEFREREDOB IR TH %,

In Figure 5, the neutron generator contains liquid lithium 1, a lithium scattering prevention
film 14, electrodes 2, deuterium gas 6, etc., inside a reaction vessel 4, and consists of a power
supply 5 connected between the electrodes 2 and the liquid lithium 1, and a switch 12 for

turning the power supply 5 on and off.
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H5icbWVWT. PEFRELBIIRICARA4ANIC. HBEVFILL, UFILREBIEEL 4, &
W2, BKEHRFZNABLTHD, EM2HKAEVFIOLLIOBICEGEEINI-ERS . ER

S5DAVFATZITIRAYF L 2D BB INS,

In the diagram, arrow 7 indicates the flow of deuterium ions, and arrow 3 indicates the flow of

generated neutrons.

MPT7 ORENIEBEKRZEAF>DRNERLTED. REN3BFEELICPEFORNZRLTY

Bo

[0037]

Next, the operation of the fifth embodiment will be described.

RIC. B 5 REFEDIERICDOWVWTERAT %,
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[0038]

In Figure 5, the voltage generated by the power supply 5 connected between the liquid
lithium 1 in the reaction vessel 4 and the electrode 2 positioned above it is applied between
the liquid lithium 1 and the electrode 2 by closing the switch 12, thereby generating a

discharge in the deuterium gas 6 sealed inside the reaction vessel 4.

HM5ICEVWT. RIGARARDKEIFILLE, £DOLEHICEEL/CEMR2 ORBICER L IcER
S5ICEDEELICBEZRMYvFL2%ZFALE e TRIAVFULL EEE2 ORICEEZEINN

L. REBEEARICHALICEKRA XA THREZHESE 5,

Upon discharge, some or most of the deuterium gas 6 is ionized to form deuterium ions.

BICEDEKREHZX6D—FRIFIFEALCHBRHLEKEA T > LB,

Deuterium ions are accelerated by the electric field between electrode 2 and liquid lithium 1,

forming a stream of deuterium ions 7.

20-08-2026 - Page 35



BEKRATVEER2 EREVFILLDBEDBFRICKDIMEINT, BKRAFDRNT 2

LY %o

[0039]

In the fifth embodiment, a lithium scattering prevention film 14 is placed on the upper

surface of the liquid lithium.

EOSEMEICEVWTIIREY FILOLEEIC) FIOLRBBLEERL 4 EBEINTWLWS,

This lithium scattering prevention film 14 is made of a film that allows deuterium ions and

neutrons to pass through but does not allow liquid lithium 1 to pass through.

COVFULREPALERE L 4 I$EKRA T hEF2EBL. BREVFILLIZEBLEVES

RIR TR Y %o
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Therefore, the flow of deuterium ions 7 permeates the lithium scattering prevention film 14
and reaches the surface of the liquid lithium 1, inducing the non-thermonuclear fusion

reaction (Equation 1).

WOTEKRAADORNTIIUFULREALEEL 42FBEL. REVFULIDOREISEL

T. (1) DOIFRAEBMEREHFELEIND,

[0040]

As a result of this reaction, neutrons n generated near the surface of liquid lithium 1 pass
through the lithium scattering prevention film and are emitted upward, forming a stream of

generated neutrons 3.

CORIGICEDRIEVFILLOREES TEELIPFEF n IV FULRBHLEZZEL L7

ISR SN, BEFEFORNI ZHKT %o
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In the neutron generator of the embodiment shown in Figure 1, even in cases where the
temperature of the liquid lithium rises due to the energy generated by the non-thermonuclear
fusion reaction of formula (1), causing the liquid lithium to scatter due to phenomena such as
partial boiling and evaporation, making stable neutron generation difficult, in the fifth
embodiment, the presence of a lithium scattering prevention film 14 on the upper surface of
the liquid lithium 1 prevents the scattering of lithium, making it possible to generate neutrons

stably.

M1 OXRBEZEOPEFREREICEVTIE. R (1) OFARRMERDICEIODREELILTIXRIL

F—ICEK 2 TRIE)FULDRENEF L. BRRZHE. ZEFORRICKDRKE) FU LHR
L. REMNGHFEFRENRBECLZLS5BHETH. BESEETEICEVWTIE. RIEVFU L
10 EEICUFILREMALERL 4ANEFET S CICEDUFILORBZHLEL. RENICHMYE

FOREZITO N ARG B,

[0041]
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Figure 6 shows an example of a specific configuration of the neutron generator of the present

invention as described above.

6 [ LA Te R FEBADOFMEFREXBEDEFIBHRO—HZ R TR T,

In Figure 6, the molten lithium nuclear fusion energy generator contains liquid lithium 29, a
cathode 22 impregnated with liquid lithium 29, hydrogen gas, etc., in a reaction vessel 27 that
can be evacuated under vacuum. Since the cathode 22 and the liquid lithium 29 are in contact
at the bottom of the reaction vessel 27, the liquid lithium seeps into the cathode by capillary

action.

6ICBEVWT. BRIV FUVLBRMEIXILF —REREIIEZHIAGRLRIGAS 2 7THIC. &K
DFOL29. BIEVFUL29%ZZREICIEMR2 2. KREAXFZNRALTED., EHE22L
BIEKVFOL29DRICARE2 7TOETERL TLWSHEMBERRTEEBRICRIAEU FILAL

AR o

[0042]
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By performing a pulse discharge using a pulse power supply 24 connected between the
cathode 22 and the anode 21, and hydrogen gas supplied by a hydrogen injection device 25
located at the top of the reaction vessel 27, a buffer region nuclear fusion reaction occurs, and
energy can be easily extracted by the heat exchange system 30 and the heat utilization system

31

MR 2 2 L5 2 1 DRICERSNINILABREE2 4 £ RIGEER 2 7D LEERICKITIKEZT
ARBE2 5ICEDHIBEINTKEARICEDNILARBZITZIE. Ny 7 7SS RIGHE

C. BT L3 OB LUVBFIASRT LI LICEDBRICIRILF—ZERO HE 3,

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

supply system 35, enabling stable long-term operation.

CDE. UFTLOREIE UFULTAREHRIER3 S ICKD EZ X -SSR ELGRKBMEELZ

20-08-2026 - Page 40



[0043]

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

are removed from the system by the He recovery device 26.

Fe. RKAERIGOBEREET DAV VLFIE. He[BUERE2 6 TRIATHIREI NS,

This procedure is performed when the discharge length needs to be increased during

hydrogen discharge, and involves placing the anode 21 above the reaction vessel 27.

KERBRAICEWVWT, BEEZEC LAITNIEAGS BV ZICERTIHDOT. B2 1 %2 KIIK

B2 7T EHICEETSHDTH S,

[0044]
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Other components include a neutron emission window 27a, an insulating ring 23, a heat
insulating material or neutron shielding material 28, a heat exchange system 30, a heat

utilization system 31, a neutron collimator 32, and a lithium measurement and purification

supply system 35.

CNUSN DB LT REFHER2 7 a. #&U >0 2 3. BEAMXISHIEFERM 2 8.

RIS AT L300 BRASXTL3 L, AMFIVX—%23 2. UFULFHARLHERRI 5%

fBZ TW3,

[0045]

Now, let's explain the uses of neutron beams.

CCC. PEFREOREICDOWTEHRET %,
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Neutron beams have excellent penetration properties for metals, but poor penetration

properties for light elements such as hydrogen and carbon.

FEFIRIE. EBICHT3EBEDNMBNTVEH. BRERTHIKEPREFOSZAEMENEL,

Therefore, it can be applied to inspecting what is packed inside an object that is encased in

metal.

TIT EBTHENTLAMEDOAMICEH L >TVIHDDREICIGATE %,

Examples include inspecting for defects in the filling of explosives inside rockets, and

inspecting carry-on baggage at airports for explosives or other bombs.

PIZIE. OT v FARBOKRDFTIEXRMRER. ZEICET 2 FAYNONEFREFITREEF T

HBo
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[0046]

Furthermore, irradiating depleted uranium with these neutrons can produce plutonium,

which can be used as nuclear fuel, through nuclear transmutation.

Ffc. COREFEHLT I VICBETNE. BRERERICKDRERFMAEE LTRIARER. 7L

NZOLEEETE S,

[0047]

Furthermore, by irradiating long-lived radionuclides, which continue to emit radiation for
extended periods, among the spent nuclear fuel used in nuclear reactors, it is possible to

convert them into stable radionuclides that decay quickly and do not emit radiation.
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6. RFFTHALLERBEARMBEID S 5. REREICHT > THlAHRZ B LT 2 REHK

BICRFAITNL. ERETHEEL. BERTZHETBVTERERREBICERTEZIEHTE S,

[0048]

[Effects of the Invention] As described above, the present invention provides a neutron
generator that can efficiently generate neutrons, easily control the generation and stopping of

neutrons and the amount generated, and is easy to handle with few restrictions on use.

[(¥BADZNR] ULEFHEAL 7oK SIS FERBICEINUE, PEFHRNICKRESE. FUEFORERE
-2l TOREEZBZICHETE. MBLOFIEND R CEDKZVG VHFEFHRERE = ZH

TBHENTE S,

[0049]
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Brief explanation of the drawing

I 0D 5 B 7 B B

[0050]

Figure 1 shows an example of the configuration of a neutron generator according to the first

embodiment of the present invention.

1AFEBRADE 1 ROt FREREDBRGZ TR,

[0051]
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Figure 2 shows an example of the configuration of a neutron generator according to a second

embodiment of the present invention.

X 2 XFEBHDE 2 R EROFEFREREDENA 2RI,

[0052]

Figure 3 shows an example of the configuration of a neutron generator according to a third

embodiment of the present invention.

X 3 AFEBEDE 3 XM EROPFEFRERZEDEMNA 2R TR,

[0053]

20-08-2026 - Page 47



Figure 4 shows an example of the configuration of a neutron generator according to the

fourth embodiment of the present invention.

X 4 XFEBEDE 4 R EOFEFREREDENA Z =T K.

[0054]

Figure 5 shows an example of the configuration of a neutron generator according to a fifth

embodiment of the present invention.

X 5 AFEBEDE 5 R ROPEFRERZBEDEMNA 2RI K.

[0055]
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Figure 6 shows a diagram illustrating the specific configuration of the neutron generator of

the present invention.

6 AEHOHEFRERBEDEFIERZ R I K,

[0056]

Explanation of the symbols

5 DERA

[0057]
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1...Liquid lithium 2...Electrode 2...Movable electrode 3...Neutron flow 4...Reaction vessel 5...
Power supply 6...Deuterium gas 7...Deuterium ion flow 8...Variable power supply 9...
Deuterium gas pressure adjustment valve 10...Deuterium gas supply port 11...Deuterium gas
cylinder 12...Switch 13...Movable electrode 14...Lithium scattering prevention film 21...Anode
22...Cathode 23...Insulating ring 24...Pulse power supply device 25...Hydrogen injection device
26...Recovery device 27...Reaction vessel 27a...Neutron emission window 28...Neutron
shielding material 29...Liquid lithium 30...Heat exchange system 31...Heat utilization system

32...Neutron collimator 35...Lithium measurement, purification, and supply system

1-BEVFIL2 BB AIBEEI - FHEFORNS - REAEES - BR6 - EKKRHAR
7BKRAAVDRNG - AIZBERI - BAKRAXENFAEA/NILT 10 BKEKA RO
11--BKEHARRIYANRL2ZAAyFL3--ABBEL 4--- 1 F 7 LTREKBHLEE 2 1 - B3R
22--fEM2 3---iEg) > 24 NILABREE2 5 KEFAEKE2 6--[BICEE2 7RIk
RB27 a-HHFHER2 8- FERM2 9 RIEVFIL3 0 A AT L3 1B

FAYRTL3 2 FI) A—%3 5 )F U LsHRMLERR
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