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Method for generating lithium cluster chemical fusion and lithium cluster chemical fusion
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DFILYZAR—CERRERERERVIFILY A —(LERREEE

[0001]

The present invention relates to a method for inducing lithium cluster chemical fusion in
liquid metallic lithium by projecting lithium cluster ions generated by field evaporation or
discharge of liquid metallic lithium, and to a chemical fusion device that utilizes the energy
and radiation produced by secondary or tertiary nuclear reactions between neutrons and

helium generated in said fusion.

AERBIIREBERBVFUVLDEREZEXIIBEICI >OTRETBIVF VLIS AI—A 7 2 2iR5
LTRAEZSE) FILRICVFILI SR —LERMEZFEHK T 2HEBRSVICEEMETEL
TeREFEANV D LICE B ZRBRIGEWE=XZRISTET 3 TRILF —B L UBEHREZFAT

B FRMEREICEITZDHDTH S,
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[0002]

The inventors have invented Japanese Patent Application No. 2003-282261 "Method for
generating enhanced nuclear fusion and apparatus for generating enhanced nuclear fusion
energy", Japanese Patent Application No. 2004-165107 "Method for generating lithium
chemical fusion reaction and apparatus for generating lithium chemical fusion energy",
Japanese Patent Application No. 2005-309176 "Method for generating molecular chemical
fusion reaction and apparatus for generating molecular chemical fusion energy", and
Japanese Patent Application No. 2005-362652 "Method and apparatus for generating recoiling
lithium chemical fusion energy", and using these methods, in 2005 they achieved the
observation of generating a "third fire" through chemical fusion reactions, following atomic
energy, which is the "second fire". The theory behind these inventions, based on the second
law of thermodynamics, is disclosed in Non-Patent Document 1 or Non-Patent Document 2,
No. 1. Furthermore, the empirical evidence of this theory is disclosed in Non-Patent Document
2, No. 3 and Non-Patent Document 3. The results of subsequent observations of the "third
fire" have been reported in detail in a series of papers, which have been internationally

published as the Swedish Energy Agency's 2006 Bulletin, Non-Patent Documents 4 and 5.
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AEPEIIKE2003-28226 15 IEERRMEREFTEARVIBERRME I RILE —REE
Bl . f{5E2004-1651075 TUFULIERMERSHEEERV ) FULMEERMET
FILF—RERE) . §E2005-30917 6% I3FEEEMERICHEEERVDFILFEX
BIEIRILEF—RELE) . FE2005-3626525F IRBKUFILIEERBMEIRILFE—
REERVEE] 2RBHAL. ChoDAEICES>T2005FICE MEZOK) THBRRERFIXRIL
F—ICRCIEERRMERITICE D TE=DN) REOHACEEL, TNSOEBORANTESE
2 ER)ICIIH) U 7o 32ER I3 FRASETF SRR LB WVEIESEF R 2 DN o . 1ERXICRATR SN TV S, &
5ICRIEFRDRIEIFIFFETXE 2 DN o . 3EMXBLUVIFTFXI 3 ICHATRINTVD, TN
< TE=DX) OFRADKERITEDFHNE & L TEDFMIREHIFRFFT M 4 & L UIEFFFX

MSDAII—TVIXILF—T200 6 FLTHRE LTEBENICATEINTWLS,

[0003]

Jpn. J. Appl. Phys. Vol 40 (2001) 6092, i E3R/E 2 Bulletin of Institute of Chemistry,
Uppsala University September 2002, it E2RJEL 1. Progress of Theoretical Physics
Supplement N o. 154, 251(2004), i LEXRE thE. NREASE) FULPOEBEEREKR

Bl AUI—FTYIFXIFEF—FTRMER:2006:42 (2006) . MERKES LML
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KAME 6 ROBXHINER. REEREVFUVLROBREERME] XAVI-—TYIXILF—

TRIRER 2006 : 42Tk (2007) . FEH MW ERAE 7ROFHXHUNER.

Jpn. J. Appl. Phys. Vol 40 (2001) 6092, it E5JEl 2 Bulletin of Institute of Chemistry,
Uppsala University September 2002, it E2RJEL 1. Progress of Theoretical Physics
Supplement N o. 154, 251(2004), M LEXRE thE. TREEEYFVLPOEBSEEXKR
Bl RAVI—FTYIRILF—TRRER:2006:42 (2006) . MEREESITHLE
KEME 6 BRORYHNER. BRESEVFILHPOEBEEEKME] RUVI—TYIRILF¥—

TR¥RER : 2006 : 42 5Tk (2007) . EEEZE M LEREZE 7ROFHIHUNER.

[0004]

Each of the above prior art inventions has the following issues that need to be improved for
practical application. In other words, the above prior art inventions disclose a method for
generating chemical nuclear fusion in which deuterium ions or lithium ions generated by gas
discharge are accelerated to a kinetic energy called the nuclear stopping power region of

several keV (kiloelectron volts) per nucleon, projected onto a liquid metal mainly composed of
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lithium, a pair of atomic nuclei are confined at ultra-high density within the resulting fusion
atom, and the confinement time is greatly extended by the cohesive force in the liquid metal,
thereby increasing the nuclear fusion rate of the atomic nucleus pair by about 10 to 102
times. However, a drawback is that chemically active deuterium, residual gases, and their ions
can trigger chemical reactions with liquid metallic lithium, hindering chemical fusion.
Furthermore, because the degree of chemical fusion enhancement is not sufficiently high, the
problem of most projected ions not inducing fusion and instead degrading liquid metallic
lithium through chemical reactions remains unresolved. Furthermore, the utilization of
secondary and tertiary nuclear reactions that follow this nuclear fusion has not been

considered.

FEEREERATIIRALLTZ L THREITREUTORELNH S, THHE LETZLERHAT
& HRARBTHRELICEKZA T OPVFILAFT > Z2—RFHI-DEKe V (FOBFRI
b)) OEIPELEEETEE I BB T RILE—ICIRL. U F U LZERE T IRESRE ISR
LTELERMERFRICESBET—NORFZZHAL IO, LERRESETORENTHL IO
Rz KIRICIER T 5 C CICE > TLEEREFENDOKAME L — b%Z 1 0<sup>10</sup>fEH'5

1 0 <sup>50</sup>fERREBE T 3 tFZMEDOEEFEDNHAREINTULS, LHLIEERNICE

HEDEKRPHEBH ARV ENS DA VD REEBY TV LLACRERIGZFHE L TLERRE %

20-08-2026 - Page 6



hETBHRN DB, TIFEEMEDBEERDTDICKE L BVOHRE A F > DOKRED I
MEZHAELBVT. REEEB YV FIVLZILERKETHILSEZHBEIREROEIETHB, &

SICHERBICHRIRET B3R ZR-ZKRBOFIAIEE TN TULAEL,

[0005]

Therefore, in this invention, all active gases are eliminated to block the chemical reactions

that would deter chemical fusion.

2 CTARBTHR TOBMA REHRL T, (LPRMEEHRT BIERISEENT 5.

Therefore, the objective is to provide a lithium cluster chemical fusion device that can supply
safe energy by converting liquid metallic lithium in the anode into lithium cluster ions and
projecting them onto liquid metallic lithium or a liquid lithium alloy containing beryllium, etc.,

on the cathode surface to generate chemical fusion with high efficiency and stability.
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ZEDRDHICHEBRADBEERB ) FILZEVFILISAZ—AFVICEHRL. BEREDREERE
UF D LEHWNMIND )Y LAFREADORE) FULEEICKRHA L TEEEMEZSWERTEREICRKE
St REBIRILF-—HMERTEDZVFUVLI SR —LERAMEREZRHETH e Z2BNL

ERCE

[0006]

To achieve the above objective, the present invention is configured such that each claim in

the patent claims corresponds to the invention described below.

AEBPIZ LB ZENT B7c0. FEFerKOMBEDZFKIRICH LT 2 FEADUTIRARS L 52

BRENTWLS,

Each invention utilizes chemical fusion in which, as the primary energy generation process,
the formation of a fusion atom cluster of number 1 below and the synchronous generation of

fusion numbers 2 and 3 occur, or the generation of fusion atom number 4 which occurs
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derivatively from the helium generated in each of the above fusions, and the synchronous

generation of fusion number 5.

BFEAIZ. AND—RIRILF—HEFEBEL LT, TEH1OMERERFI A —EREKRMERN
2. BINEHLTEET S HWIELBFHMETRELIEAVIAICKDIRENICE C 584

DRESRFEMICHEI L TRRMEHRS I ELET B LERRMEZFHAT 2,

[0012]

Here, <img file="2009150709.tif" he="9" id="000008" img-content="drawing" img-format="
tif" wi="17"/>in equation 1 is a fusion atom formed by the fusion of two Li atoms, with a pair
of lithium nuclei confined in close proximity at its center, making it a quasi-carbon atom that

chemically behaves like a carbon atom.
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C T 1 D <img file="2009150709.tif" he="9" id="000008" img-content="drawing" img-
format="tif" wi="17"/> (Z2ED L i RFHRE LIRS REFT. EOFOICIF2ED ) F U LR
FROA—HEE L THALCOH SN TOLWTEERNICIFRERRF & L THRE S ERZERF

quasi-CThs,

Li<sub>3</sub>in equation 1 is projected in the form of lithium cluster ions Li<sub>3<
/sub><sup>+</sup>, which have the third highest generation efficiency after Li<sup>+</sup>
and Li<sub>9</sub><sup>+</sup>, and <img file="2009150709.tif" he="9" id="000009" img-
content="drawing" img-format="tif" wi="21"/> is a fusion atom cluster consisting of three
fusion atoms <img file="2009150709.tif" he="9" id="000010" img-content="drawing" img-

format="tif" wi="17"/>.

B1LDL i <sub>3</sub>IFFEMERN L i <sup>+</sup>E LU L i <sub>9</sub><sup>+<

[sup>ICDWVWTHEWI FIOLYT S AA—A A > L i <sub>3</sub><sup>+</sup>DF; TRE 1.
<img file="2009150709.tif" he="9" id="000009" img-content="drawing" img-format="tif" wi="
21" /> [FRERF <img file="2009150709.tif" he="9" id="000010" img-content="drawing" img-

format="tif" wi="17"/> 3{EH S LIMERFI T AX—TH 3,

Therefore, <img file="2009150709.tif" he="9" id="000011" img-content="drawing" img-
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format="tif" wi="21"/>is a quasi-carbon atom cluster quasi-C<sub>3</sub> with the same

chemical properties as carbon atom cluster C<sub>3</sub>.

€ > T <img file="2009150709.tif" he="9" id="000011" img-content="drawing" img-format="
tif" wi="21"/> [FMEFEMMEBE D RERF T 5 X2 — C<sub>3</sub>r B L ERERF I 5 XX —

quas i-C<sub>3</sub>Td 3,

It goes without saying that Li<sub>9</sub><sup>+</sup> may react similarly.

L i <sub>9</sub><sup>+</sup>DEKRD Ktz I ZAEEEIFE D FTHAEL,

In equation 4, <img file="2009150709.tif" he="9" id="000012" img-content="drawing" img-
format="tif" wi="21"/>is a fusion atom composed of beryllium and helium atoms, and is a
quasi-carbon atom whose core consists of a pair of beryllium and helium nuclei. Originally,
the survival time of fusion atoms is only about the same as the elastic collision time of the
projected ions (approximately 10" seconds). However, as detailed in Non-Patent Documents 4
and 5, the thermodynamic forces in the liquid metal, determined by the decrease in Gibbs
energy during fusion atom formation, continuously compress the quasiatoms undergoing

volume contraction, dramatically extending their survival time.
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# 4 D <img file="2009150709.tif" he="9" id="000012" img-content="drawing" img-format="
tif' wi="21"/> IRV U D LRFEANV T LRFTEREINSIMERFTH > T FHRHARNIUD
LEFRENV D LRFEIN LG > TVWBERRRFTHD. K. MEERFOEFRMII.
R 7 > OMIMEEERER] (1 0<sup>-18</sup>) IBEISBETHRUVH. MERFERICET
%G i bbsIXIF—DEDTREZREZBFORNFNNIHMATEINE L TV 3 ERTF = EHE

LT T, EEFRREZRENICERT 5 eh IEFTXM 4RV S5 TEHRRESNTWS,

[0013]

In equation 2, n represents a neutron, but in chemical fusion, unlike in conventional nuclear
fission where fast neutrons are used, the emitted neutrons are limited to slow neutrons in

order to ensure thermal equilibrium of the reacting liquid metal.

H2DnZHFEFTHBH LEEHMETIZ. BEORKDIRDOBEDOREFEFLERD. RIGY

B BRAERBOATE IR T 5 TcOBEREFIMERPEFICIRE S NS,
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In math class 5, y stands for gamma ray. The numbers on the right-hand side of each of the
above equations represent the reaction energy, which is emitted as either the kinetic energy
of the product nuclei or gamma rays. MeV is an energy unit, specifically megaelectronvolts.
Equations 2 and 3 show that two <sup>7</sup=>Li or <sup>6</sup>Li atomic nuclei fuse
together to ultimately transform into three helium atomic nuclei, <sup>4</sup>He. Number 5

shows that a beryllium nucleus and a helium nucleus fuse to form a carbon atom nucleus.

HESDYIIH IR THB. LEZBOBLOBFIIRIGTRILF—THO . EHKOESH TR/
F—RIFAVIIBELTHEIND, MeVIFIXRILF—HAUTXABEFRILNTHD. #2.
¥ 3 lF<sup>T</sup>L i XlF<sup>6</sup>L i BFZH2ERMSL T. EHEIE3IB/DOANUTL
BEFAG<sup>4</sup>H e I8 T 3 2R LTV 3. 5 @AY U T LBRFREAU Y LEF

BHIME L TRERFHREBB 2R LTV,

[0014]

The slow neutrons generated in reactions 2 and 3 are absorbed with a high probability by
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NER22Li and NER23B in the liquid metal or shielding blanket, and release energy in the

secondary nuclear reactions 6 and 7, respectively.

B2, MIDRBTHEELLERPEFIE. BRESEFH S WVILEKRT S >4 v bHO<sup>6<
/sup>L i &<sup>10</sup>BICKETGEERTRININ., KLH6. BT DODZREZRIGTIRIL

5\1\—7&%5?’50

[0017]

In equation 6, T is a tritium nucleus, which induces the following tertiary nuclear reactions,
numbers 8 and 9, with <sup>7</sup>Li and <sup>6</sup>Li in the liquid metal or shielding

blanket.

o DTIF=ZEXRREFL T, RESBHRHWITERT S > v FHD<sup>T</sup>L i BV

<sup>6</sup>L i & FEED=RIZREE 8 LI ZFEHKT -
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[0020]

The gamma rays generated in reaction 5 are absorbed with a high probability by the NER26Li

in the liquid metal and shielding blanket, as shown in equation 10.

HESDRIGTRELLAVVIRIIAELERET, 10D S ICKRESEBRVERT 5>y b

MD<sup>T</sup>L i IZIRINE N B,

[0022]

In several dozen reactions, the gamma-ray energy, after subtracting the 2.47 MeV required to

induce the reaction, is converted into the kinetic energy of <sup>4</sup>He and T.

H1ODRBTHYRBIRILF—IF. RIGFHEICHELD2. 47TMe VHELSIHDNT. REIT

FILF —lI<sup>4</sup>H e & TDEF T RILF — |8 I N D,
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The tritium T produced here also has a high probability of inducing tertiary nuclear reactions

with numbers 8 and 9.

COTRELLZEAET bEROBRIGHS . B ZHRT SHENH L,

[0023]

When lithium ions pass through helium gas, or during the discharge of a mixed gas of lithium

vapor and helium, helium-lithium cluster ions are generated.

DFIOLAA DN D LA RRZEBT BIHER ) FIVLERIEAN) IV LDREHNADBET

i ANVDTLDFILISAE—AFDEET B,

This is because a monovalent helium ion has the same electron configuration as a hydrogen

atom and exhibits similar chemical properties to a hydrogen atom.
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NS LEDAV DT LAF VHKRRFERLEFEAM (configuration) TKRER

FLEKROICFENEBZTINSTH S,

Therefore, helium-lithium cluster ions behave the same way as lithium helium molecular ions.

CDIEDANVTL s UFILISRAZ—=AFVEAN)TLE) FOLARFAF 2 ERAUEREZT

Do

Cluster ions form fusion atom clusters in the target lithium metal, significantly increasing the
change in Gibbs energy during chemical fusion, thus dramatically increasing the reaction rate

compared to atomic chemical fusion.

T3RZ—A XA VIIREFEDER) FULRTREREFI XA F -2 L T, {tERZMED
GibbsIRILF—DEERELTEIDE5RIBEEIIRFLFEZKMEICLER, RENICKE

N~

Therefore, the generation of helium-lithium cluster ions results in chemical nuclear fusion at

a reaction rate far exceeding that of lithium ions alone.
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oTANVIL - VFILIZRAEZ—AFVDOEET. VFULAFVEHOZEZENCLES

RIGL — b DILZERBEDFHET .

[0024]

According to Non-Patent Documents 4 and 5 mentioned above, the enhancement of lithium-
lithium chemical fusion by lithium ions is 10" NER? times, and the enhancement of helium-

lithium chemical fusion by helium ions is 10" NER? times.

FEEIEFEF IR A U S ISR NUE. DFDLAAICED ) FUL-)FULMERRE DEEE
i1 0<sup>48</sup>fBETH D NV DTLAFNZEBAUDTL-)F I LMEELRES DBEE X

1 0<sup>45</sup>fETH %,

Furthermore, the enhancement of helium-beryllium chemical fusion by helium ions is 10’

NER' times.
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FIANVDTLAAUNCEKBAN) D L-N) )T LMEFERZAE DIBERE X 1 0 <sup>43</sup>ETH

Bo

In contrast, the enhancement of chemical fusion through the generation of quasi-carbon
atom clusters by lithium cluster ions Li<sub>3</sub><sup>+</sup>in the present invention is
10<sup>142</sup> times greater, so there is a possibility that all projected Li<sub>3<

/sub><sup>+</sup>ions will induce nuclear fusion at a 30 KeV acceleration.

CHUCH L TERBAD U FILY S AEZ—AF > L i <sub>3</sub><sup>+</sup>iC &k 3 ZERx&H
FFISRAR—EH%ZEL TOLERRE DEEREIZ 1 0<sup>142</sup>EHHZH5
30Ke VIIETEIZETL i <sub>3</sub><sup>+</sup>1 7 > H' RS ZFRT ZHEEDLD

Bo

In helium-lithium cluster ions, the reaction enhancement of lithium in the ions that induces
chemical nuclear fusion is increased by 10 NER times, and most of the lithium atoms in the

cluster ions undergo nuclear fusion.
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AN)TL - VFIOLISRARA—=AFVTIE. 41F B0 FILIDMEERREZFRET 5 RIIEE
L 1 0<sup>93</sup>BICHRD, VT RA—AA>HD ) FILRFORFHIRMEE TS L

DT Do

Furthermore, if the projected ion energy is low, helium-beryllium fusion is dominant, while if

the projected ion energy is high, lithium-lithium fusion is dominant.

XEFHAF D ITRILF—DMEIFNUIAV T L-ND DD LZRENMEBER T, BRAAIXRILF—

PEVWCUFIL-UFI LKREIMBREICE B,

In other words, by changing the projected ion energy, the priority of helium-beryllium fusion
and lithium-lithium fusion in the reaction can be altered, allowing for the control and

selection of the functions of the gamma-ray source, slow neutron source, and energy source.

BRHAA A IRILEF—ZERBZEICED RBICEITEANITL-RV )T LEREE)F

TV L-)FULEREDBIEEZEZ TH YRR, EBEPEFR. TR/ILF—IROMEEZ HIEE

RTE %,
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[0025]

Since all of the above reactions terminate immediately when ion projection is stopped,

energy generation can be easily controlled.

FREOANDRIGD A F > DORFZELET NSRS T T5H05. TRILF—RENRZICHIE

TZE %o

Without ion projection, no energy is generated, providing an easy-to-handle energy source

with virtually no limitations on its use.

14 RFLABTNUEIRILF—REREL FBLOFIRITBA L HE<IDOFVWEVTXRILF—

Rz Rfd 3.

[0026]
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To achieve the above objective, the invention corresponding to claim 1 of the patent claims is
a lithium cluster chemical fusion generation method characterized by projecting lithium
cluster ions generated by field evaporation or discharge from an anode equipped with the
function of an ion source onto a cathode surface wetted with liquid metallic lithium or a liquid
lithium alloy, thereby dramatically increasing nuclear fusion with liquid lithium through

thermodynamic forces in the liquid metal.

LEEERNZENT B 1cOICHFETEAK DB DFENRIE 1 ICX BT 2 FBBIE 1 7 VIRDEKEZ X 12/
BHOEBERRRENISHEICL > TRELLEVF VLIS AZ—AF 2 REEZRE") T 7 LXISKIE
DF U LEETENLEEREICIKS L TRESBRORANFNICEK > TRIE FU L L DOKE

BEREBNICEESES L2/ e I3V FULI SR — L ERAMERERETH .

[0027]

To achieve the above objective, the invention corresponding to claim 2 or 3 of the patent

claims is a method for generating lithium cluster chemical fusion, characterized by mixing
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helium-lithium cluster ions or deuterium molecular ions with the lithium cluster ions, or
mixing a fusion material other than metallic lithium, such as beryllium, or a fusion-promoting
material, into the cathode, and changing the projection energy of the ions to control and

select the degree of dominance of lithium-lithium fusion and helium-beryllium fusion.

FEEBNZERT 3 1cDICHFFAKDOERDIFRIA 2 K1cd 3 ICHLT B HERBIK. LRV FILY
FRAR—=AF NNV T UFILTSRAR—AFIPEKEDFAF U ZRATSH. Lk
BICERBU TV LUADRD) )Y AFORMEMER VWV IIRRERENEZ EATE. 140K
HIXNF—ZEZITVFUL-UFILEREEAN) D L-R) )T LZREDBEDEE W E

RIENEIRT B e 2R/HBETEVTFULI S A —LERMERERETH B,

[0028]

To achieve the above objective, the invention corresponding to claim 4 of the patent claims is
a lithium cluster chemical fusion apparatus comprising: a reaction vessel in which lithium
cluster ions react; an anode provided in the reaction vessel that functions as an ion source for

lithium clusters or helium-lithium clusters and is fitted with an ion extraction electrode; a
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cathode positioned vertically or horizontally at a predetermined distance from the anode and
having its surface wetted with liquid metallic lithium or a liquid lithium alloy; and a power
supply that applies a DC or pulsed voltage to the anode, the ion extraction electrode, and the
cathode, respectively, wherein a fusion atom cluster is generated in the cathode by projection
of lithium cluster ions or helium-lithium cluster ions, and nuclear fusion of atomic nuclei
confined within the fusion atom cluster is enhanced by the thermodynamic force in the liquid

metal.

LEEENZENT B TcOICHFFTRAKDOEBHEDFERIE 4 ICHET 2FEBIE. VFIVLISRE—1F

VHRIST BRIGBRBE . LERGEBAICRILUFILIFZE—BEVEAUIL - UFY

LY ZAZ—=DA 7 VROBEZRFE. 14 V5| HEBEEEEE LIBES LU, ZEE CFrERR

ZROTHERCIFEEE L. D ORBEER Y FULFTLIFRE) FULEETRANFENEER

& EERBBRE A7 25| HEME LV LEBEBOXAICEREIINILZIROEEZHINT 5 EIR

EZBL. UFULISRE—AFVELLEIANVTL - VFILISZRAZ—AFDRHICEL ST

LEEBRICREREFI XA F—2EM L. LEERESBFORNFENAICK > TLEMERFY

SAX—RICAL COHSNTREFRENOEMEZIBET I ZRHBEI BV FILI S AZ—1L

FRHEEETH D,
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[0029]

According to the invention corresponding to claims 1 to 4 above, chemical nuclear fusion is
induced by projecting lithium cluster ions or helium-lithium cluster ions onto the surface of

liquid metallic lithium or liquid lithium alloy in a direct current or pulsed manner.

EEEFEKRIBE L~ 4ICHET BEBICINUE. REESE U TUVALARISRIE)F I LEEOXREIC)F
DLDFRE—AFURIEANV T L« VFILT SR —AF 22 ERBISVIE/NIL RYICIRE T

% EICK DIEERREDFEHT %o

The energy generated by nuclear fusion of magnitudes 2, 3, and 5 is utilized in this process.

CORE 2. 3. BEORKMETRETZIRILF—HERIN S,

Here, a controlled DC or pulsed high voltage is applied to accelerate the ions to an energy
range called the nuclear stopping power region, which is 1 to 4 keV (kiloelectron volts) per

nucleon.
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C S THEIBE NEBRRIG/ L AROEBEEEML T, 14> ERTHLD 1~4KeV (X
OFFRIL L) OBPEIEEE (nuclear stopping) BEIHEFATVWRZIRILE—

ICHNET B,

In this case, rapid heat generation occurs due to the nuclear fusion reaction on the liquid
metal surface, but the reaction can be stopped by ceasing the application of high voltage,

thus avoiding instability and making it controllable.

COHE. REZBREDKMERL TRABERNE 50 SEEMMNZFELTNE. RIS

FETL. FLEMRIFEEENS D THIERIETH %,

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

width, or changing the pulse application repetition frequency.

BHEMAEC LT, AIRISEEEOMMIEZERALID . NILIEMOKED X LEAKSREZELE

T3 ENTES,

[0030]
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To achieve the above objective, the invention corresponding to claim 5 or 6 of the claims is a
lithium cluster chemical fusion apparatus characterized by generating cluster ions by field
evaporation from a window of fins or porous metal or metal mesh wetted with liquid metallic
lithium dispersed and attached to the anode of claim 4, or by PIG discharge of lithium vapor

or a mixed gas of lithium vapor and helium.

LECBRIZENT B 7- SRR DEBEDEHEKIAS 73 6 ICHILT D FRIL. LEEHEKIE4 D5
WICHELTEDDIFONREESB) FUOLTENIC T4 2 HBZVWEZHEERBIIFEB A v

JADEDOSDEREEICED IV IRAZ—AFVZRETEIN) FULEAIBEWVIEU FULEIL
NIVDLDREHADPIGHET. VSRF—AF VR ETEHIEZRHHEIBDVFOLI S

AR—(LEFRREEETH S,

[0031]

According to the invention corresponding to claim 5 or 6 above, by providing the anode with
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a function to ionize liquid metallic lithium by field evaporation or lithium vapor discharge,

gases that alter metallic lithium can be eliminated.

EECEAKIAS 7 IF 6 ICHILT 2 FHBICLNIFBREAREXIZ) FULEAIOBRETREEE Y TV
LZEAT NS DHEEZHBICHTICEZ CICED. BV FUVLZEEIE S & 5B XIIEHR

TBHRENTES,

Furthermore, the anode can be positioned vertically.

LD EEROMEE N AR TH B,

[0032]

To achieve the above objective, the invention corresponding to claim 7 of the claimsiis a
lithium cluster chemical fusion apparatus characterized in that the cathode of claim 4 is made
of a metal plate or porous metal plate layered with a mesh or porous metal plate, and liquid

metallic lithium is impregnated in the mesh or porous metal plate.
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LEEENZENT B 1O ICHFETAK DB DFENRIA 7 ICX BT 2 FBAIE. EEEEHKIE 4 DN
ERIREXTCIIZAEBIREA Y L aFVWREZAEEBRZERLDLDOTHOD . LEEXy>aH5 W
IZAEERIRPICKREER ) FUVLDNZRENTVWER L ZFHE TRV FILI T A Z—(LE

BREEETH S,

[0033]

An invention corresponding to claim 8 of the claims for achieving the above objective is a
lithium cluster chemical fusion apparatus characterized in that a neutron and gamma ray
shielding blanket made of liquid metallic lithium, a lithium compound, or boron or a boron
compound is provided on the outer periphery of the anode and cathode, thereby inducing a
secondary nuclear reaction by neutrons and gamma rays, and a tertiary nuclear reaction by

tritium, etc., generated in the secondary nuclear reaction.

LEEERNZENT B 1O DRFEFEAKDEBE DFENRIE 8 ICX BT 2 FAIE. EEERKIVOEROHNE

ICRIEERBVF UL, VFILEEMH S WIHROVXIIROMEEM G EDOREF L H 2 VHRD
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BRI S 27y bHRITONTED. FEFEIUH U TIRICEK B3 ZRKRIEE 5 TICRZRXKR
WTRETI=ZEKFZFICLEDZIZARBRREDFIEINZ L ZRBETEIVFILISRAZ—LF

BREEETH S,

[0034]

The invention corresponding to claim 9 of the claims for achieving the above objective is the
lithium cluster chemical fusion apparatus according to claim 8, characterized in that the
anode and cathode and the neutron and gamma ray shielding blanket are provided with an
outer insulating material and a cooling means, and a heat utilization means is provided for

utilizing the generated heat with the cooling means.

HEENEERT 3 -0 ORFEROBADHERE IS 2 RIS LEBIE L RERU it
MFEH Y ROERT T 27y NN BN CARFRARIT SN TE D, RELIME L5
AHNFEICEDFAT 3HHBFELRI SNTNSC LEHHME T 3ERASRMOUF I LY

AR —LERMEEETDH B,
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[0035]

The invention corresponding to claim 10 of the claims for achieving the above objective is a
lithium cluster chemical fusion apparatus characterized by having a thermoelectric power
generation system comprising a high-temperature heat source loop consisting of a pump and
piping that extracts and circulates the heat generated by the lithium cluster chemical fusion
using a coolant, a low-temperature heat source loop consisting of piping, a circulation pump
and a cooler, and a thermoelectric converter that extracts electricity by connecting a heat
source material sandwiched between the high-temperature and low-temperature heat

sources to an external load.

LEEENZENT 27O DFFFFAKDOEBHEDEFERIIE L 0 ICHIGT 2FEAIZ. LEEVFILISR

2—LERREICK ZEERZ AEMICKIDIH LBERY 3K TROBRE X D2 S EHRIL—
T, BE. BRRYTRUOAHEL D BBEERFIL—T. SRR CRRERORE ICHR
ATERRE = NERE R ICEH L TEANZID H I ABHIRBICE DB TN I ABHREL X T L

ZREIBCEFHETEIVF UL SR —LERKRMERE TH Do
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[0036]

To achieve the above objective, the invention corresponding to claim 11 is a lithium cluster
chemical fusion apparatus characterized in that the coolant for extracting the heat generated
by the lithium cluster chemical fusion is a system of coolants that directly cool the anode,
cathode and neutron and gamma ray shielding blanket, and the heat conversion means
between the water/steam system for rotating the turbine, which serves as the heat utilization

means, is a heat exchange system.

FEEENZERT BHTOHICHEKIEL 1LICHRT 5FBAIK. LBV FULI ZAX—(LERREICK
DFELICRAZIO L9 AEMD, LEGREEHRRU EEPEF A IROERT > 7Y b
ZEERANY BANMORKTHD . LEEBAFBFRELTOEZ—EVZREIEBHDK
[IDRREDEDRABRIRFERIALZR L AT LICED DD THEEZ2R/HHEITBDVFIOLIFR

2—LFRRMERETH B,
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[0037]

To achieve the above objective, the invention corresponding to claim 12 is a lithium cluster
chemical fusion apparatus that uses liquid metallic lithium or liquid lithium alloy for the
anode and cathode, or liquid shielding material for the neutron and gamma ray shielding

blanket, as a coolant to extract the heat generated by the lithium cluster chemical fusion.

LERBNZZENT B7HICHEREL 2 ICHT 2FRBIE. LBV FIVLI S X Z—EERMEICK
DRELICRERZIRD KT A LT, LEEBBEEBOREEREY F7 LXITRIE) F U L
BEDHBWVIPEF AU VIROERT Z 2Ty b ORIFEBRMEZERTD )V FILISIZ—1L

FERMERETDH D,

[0038]

To achieve the above objective, the invention corresponding to claim 13 is a lithium cluster

chemical fusion apparatus characterized by having a purification system with flow rate and
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liquid level monitors for refluxing the liquid metallic lithium or liquid lithium alloy of the

anode and cathode.

LECBRIZENT B7-HICEERIE L 3ICHILT 2 FHRAIK. LEGEREEBORETRE) F 7 LXIE
BIE)FILERZERSEZLOHORE. RUEZXZ—DTDHELI AT LZE TS L Z2[FHE

ETBVFUILISRAZ—LFRMERETH S,

[0039]

To achieve the above objective, the invention corresponding to claim 14 is a lithium cluster
chemical fusion apparatus characterized by having a system for extracting, purifying,
separating, and recovering the helium and tritium generated by the chemical fusion and
secondary nuclear reaction, adjusting a portion of the helium and tritium to an optimal gas

pressure for cluster ion generation, and refluxing it to the reaction vessel or the anode.

FERBENZZERT 37HICFHEKRKEL 4 IS T 2FRAIZ LERILFZAME & ZRRRIGICK > THRE

TRINVILRU=ZEKRZWMOHLBERDBEL TENL. —&OAN) T LRV=ZBKXRIEFTI SR
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SRATLEBEITBRELERBETBVF UL S AI—LERRMEREE,

[0040]

According to the present invention, most of the generated lithium cluster ions induce
chemical fusion on the surface of liquid metallic lithium, and secondary and tertiary nuclear
reactions are also induced by the slow neutrons and helium emitted there. However, just like
primary chemical fusion, this can be easily controlled by stopping ion projection, thus

providing a lithium cluster chemical fusion device that can supply energy stably and safely.

AERICENERELICVFULISAZ—1FVDORFIF. REERE) FULRE TLERZAS
ZHEL. ECTHHINTEERERFEFCAVUTLICELE ZR-. ZR-ERISHFRINBZDHN
—RDEFRERME LR AT U REDEFLETEZICHEHTESDSRENDRELIRILF—D

HHAMTIEER U F 5 10 5 22— LERRAREMEM TS 5.
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[0041]

Embodiments of the lithium cluster chemical fusion apparatus according to the present

invention will be described below with reference to the drawings.

LRICKRRBICHRD ) F UL SR —EERMEREDRBA & KEICEEHAT 5,

Figure 1 is a conceptual diagram of a lithium cluster chemical fusion device according to the

first embodiment of the present invention.

1IZARRADE L DFREDI F I LY A — b ZRAMETEDHRE TH %,

As shown in Figure 1, a cylindrical anode 1 and cathode 2, each containing liquid metallic
lithium 9, are housed facing each other inside a vacuum-sealed, bottomed cylindrical reaction
vessel 7. Lithium ions, including cluster ions, are accelerated from anode 1 by an acceleration

power supply 4 and projected onto cathode 2.
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LICRT &S ICEZEBIR LB EMRERICASZ: 7 ORERICKAEEZREY 77 L9 Z8& L1cHE
RO 1 EEE 2 AE L TNEESNTED BEINSISAE—AF 2TV FILAS

UH IEBIREAICE DINESINERE 2 (RTINS,

When helium gas is present in the reaction vessel 7, some lithium ions undergo charge
conversion and combine with helium atoms to generate helium-lithium cluster ions, which

are then projected onto the cathode 2.

RIGEZE TRICANV I LAZRDEFEET B E—EBD ) FUOLAA DBN) T LRFEAERLE L TH

BLAVDL - UFILISAE—AF2ZERL. ThHEE2 ISERF TN S,

[0042]

A high-voltage resistant insulating plate 3 is attached to the reaction vessel 7, allowing a high

voltage to be applied to the anode 1.
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RGBSR 7ICIE. TMEEEEBIR IO DIFoNT. BELICEEEHMAAIRERLSICLTDH

Do

The reaction vessel 7 is also equipped with a helium recovery device 6 for recovering helium
generated by nuclear fusion, and a heat utilization system 14 for recovering the heat

generated around the cathode and using it for power generation, etc.

XRIGEEE T ICIIERMETRELIAY T LZENT B3N D LRIGEE 6 £ FELIEERED

DBEEZEI L. REFICERIZIBFEATLLADRITSNTWS,

Although not shown in the diagram, the helium recovery unit 6 is equipped with a device for
separating and purifying tritium and other elements generated by secondary nuclear

reactions, etc.

MRLTOWEWLD AU TLENEE 6 ICIFTIRRIGEFTRET 2 =—BXKRF2IBERTIE

ENMEL TV,

The liquid metallic lithium 9 that wets or impregnates the cathode 2 is replenished by a

metallic lithium supply and purification system installed outside the reaction vessel 7, and is
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extracted from the lower end of the cathode 2 by a lithium circulation pump 12, and
recirculated to the entire surface of the cathode 2 via the overflow ring 13 at the upper end of

the cathode 2.

BEREB2ZFSITHIRLTVIREERY FULIIF. RIGCESET OALICKESNIEZRE
F U LGS X T LICK DS NEM 2 O TFREH S U FULICRERR T 1 2IC&DED

HINER 2D LEHEOA—N—70-)>J 13 %2R TEE2DLEISERT Do

[0043]

Next, the first embodiment will be described.

RICE 1 DEFEAREICDWVWTERAT %,

In Figure 1, the anode 1 and cathode 2 in the reaction vessel 7 are both wet with or
impregnated with liquid metallic lithium 9 flowing down from the overflow rings 11 and 13 at

their respective upper ends.
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H1lLICPWTKRIGRERTHDBIE 1L P LUREMR2 (. ANbERXL4DLERICHDIA—/N—TJ70-1)>

J11ELV1I3IDNORTFIZIREEBIVFILITENTLEINELLIFCNZEEZLTWVWS,

A high voltage is applied from the accelerating power supply 4 between the anode 1 and
cathode 2, causing lithium to evaporate from the field on the surface of anode 1, and ions

including cluster ions are released.

A8 1 L 2R 2 OICIIINEEIR 4 o@BEENHMENGE L ORE LT, UFILHNERER

LISRR—AF 2201 I BREETND,

Although not shown in the diagram, an ion extraction electrode and a power supply for
generating the extraction field are installed close to the anode surface to improve ionization

efficiency.

MR LTWEWH A T MENRE LD/ DEBREREICAE L T4 V5 [ HEBESIHEBRAEERE

BEAEREEIN TV,
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[0044]

Lithium ions containing cluster ions are accelerated by the electric field between anode 1 and
cathode 2, and some of them exchange charge with helium atoms in the accelerating space,

generating helium ions and helium-lithium cluster ions to form a mixed ion flow.

PDIARX—AFVZBCVFILAAVIEERL EEE2 OBFDEBERICE DIHES . —ERIFNE
ZEETONI I LRFEDFERIBICEIDANVITLAA U OANI T L« VFILISAR—AF >

ZRELTRERA T >DORNETKT %o

The hybridized ions reach the surface of the liquid metallic lithium 9 at cathode 2, inducing

nuclear fusion of types 2, 3, and 5.

BT A 2 NIEE 2 ORAEERBU TV LIDKREISEL T2, H3. BSOBKMEZFERT .

At this time, the energy generated is carried by the recirculating liquid metallic lithium and is

ultimately converted into electrical energy, etc., in the heat utilization system 14.
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TL1LATERIXRIF-—FICERIND,

[0045]

At this time, the ion current changes by increasing or decreasing the voltage or pulse width of
the accelerating power supply 4, or the number of high-voltage application repetitions, and
the amount of lithium cluster ions projected onto the liquid metallic lithium 9 on the surface

of cathode 2 and the acceleration energy are adjusted.

COLENMEER4DEEHVI/NILRIE. SEEMMED DX LBOERT. 174 Y ERIEL
LEEMR 2 OREDKEERB) FUOLINDIFILI S AZ—1F AEFREBCIMRIRILF —H'H

BN,

[0046]
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Simultaneously with the formation of fusion atom clusters or quasi-carbon atom clusters in

Equation 1, lithium-lithium chemical fusion occurs in Equations 2 and 3.

HB1OMERFIV FAF—XIFERRRFI SR —DOFEEIEAL TH 2. 3 TIFVFU L=

DF I LMEREBMEDE B

In this case, the nuclear fusion of lithium nuclei, which are confined at extremely high density
within the fusion atom and paired together, is dramatically enhanced by the thermodynamic

forces in liquid metallic lithium, generating nuclear energy, helium, and slow neutrons.

COHE. MERFRICESEETHALIOSNTHZHATVLS U FU LRFROKBMENRIA
TR FULRODANFEHAICE > TRENICIBE LZIRILF— AV T LE I EERFEFZ

HET B,

[0047]
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In equation 5, synchronized with the formation of the fusion atom in equation 4 of the helium
atom, the nuclear fusion of the pair of helium and beryllium nuclei confined within the fusion
atom is dramatically enhanced by the thermodynamic forces in liquid lithium, releasing

nuclear energy in the form of slow neutrons and gamma rays.

HESTRINVYLRFORADORMERFA AL T, MERFAICEHLZOH SN 1XDAY
D LRFZEN) VD LRFROGMEDNREEZRE) F U LRORIFNIC K > TRERICIEE

L. BERAEFEH VRO TRIRILF—DEEHIN D,

[0048]

The slow neutrons and gamma rays generated by the above nuclear fusion induce secondary
nuclear reactions with equations 6, 7, and 10, respectively, in lithium and boron within anode

1, cathode 2, and shielding blanket 5, releasing tritium T and nuclear energy.
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FEROKMETRE LIERPEFEA I VIRIE. RL6. M7 -1 0ICLBDTRKRIEZ S
M1EEE2ESERT STy FEROUVFI L, ROVORTHEREL T, ZEKRT KT

*}L:\i\_%mtﬂa—%o

Some of this tritium T may also trigger a tertiary nuclear reaction with lithium, involving

atoms 8 and 9.

CO=ZFBKETO—HLHIFILEHB EHIICL B =R ZFHART BRIMED D B,

The above secondary and tertiary nuclear reactions are controlled through primary chemical
fusion, which can be increased or decreased by adjusting the flow rate of projected ions and

the acceleration energy.

EREZRG S WICZRRRIGIIRS 1 > ORELNRTRILF —DFEH TERT 2 —RDILFK

mEz@E L THIEET NS,

[0049]
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The nuclear energy generated by the above chemical fusion, secondary nuclear reaction, and
tertiary nuclear reaction rapidly heats the anode 1, cathode 2, and shielding blanket 5. This
energy is then quickly transferred to the heat utilization system 14 or to the heat utilization
system 16 via the heat exchange system 17 through the heat conduction of the metal plates,

porous metal plates, or metal mesh that make up these components.

FRICFZME E ZRERIGE KU ZRRISTRET 3ZIRILF—IFBR 1L, BE2 5T
BT S27y b5 ZR2RICMEATED. ChoZEK T 22RRCZALEERIREVIZER X Y
SaFORGEICK DFECNIBFRAL AT L L 4ICHWVIIRRHS AT L1 728 TRFRS

ATL16ICBITT B

[0050]

The transferred thermal energy is effectively utilized by thermal utilization systems 14 and 16

for power generation, district heating, and the like.
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Do

It is certainly possible to improve thermal efficiency by covering the reaction vessel 7 around

the heat-generating cathode 2 with insulating material.

KT M2 FIDORICEEE 7T 2 MBAMTBVANERZRH D C EIXNFHAIETH B0

In this case, the accelerating power supply 4 can be controlled to temporarily stop ion
acceleration and interrupt ion projection, thus allowing for safe and easy control of the

generated energy.

COiZa. IRER4 ZHHHL T, 74 &Rz —RNICELEL T F U REZHET 5 &NT

ERINLREIRILF—2LEDDBEZICHELIE S,

[0051]

20-08-2026 - Page 47



When helium gas is introduced between the two electrodes such that the mean free path of
lithium ions generated by field evaporation from the surface of anode 1 is shorter than the
distance between anode 1 and cathode 2, some of the lithium ions exchange charge with

helium atoms to form helium-lithium cluster ions.

iRl OREAHDSERZRETEELILIYFILAA>OFEERTE (mean free
path) A BE1LEER2DEREIDEVESDBHRIEICRS LS. MEMBBICAUTLA
RAZR/ATERE. UFIOLAFTDO—LRIIAN) T LREFEFERLEZ LTAYTL « UFILYD

FAR—=AF T3 B,

These clusterions result in a massive increase in the reaction rate compared to the chemical

fusion reaction rate of lithium atomic ions.

CDIZRAE—AFA VIV FILRFAF 2 DIUERMERIGL — MMCHUARRRBRISL — ~DiE

EZH5T,

In this case, the helium gas can be taken out of the helium recovery device 6, purified in a
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purification device (not shown in the diagram), and then recirculated into the space opposite

the electrodes.

CDZmE NVTLAREANV Y LEIEE6 DSEDH L. BIRLTOWEVLWAFERETHERL

T. LEEEMOMEZERISER T NULK L,

[0052]

Figure 2 is a system configuration diagram showing a second embodiment of the lithium
cluster chemical fusion apparatus according to the present invention. The same reference
numerals are used for parts identical to those in Figure 1, and their descriptions are omitted.

Here, we will describe the parts that differ.

K2 IEAHEBICLD VF UL SR —LFBMEREDS 2 DRBHIDOHREE RIS AT LB

MT. K1 E—8RICIEA—f5Zd L TEDHAZERL. CCTRERZEDICOVTIAN

Do
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This is intended to extend the lifespan of the lithium cluster chemical fusion apparatus in the

first embodiment and improve the efficiency of helium-lithium cluster ion generation.

CNIEE 1 DRBOFED Y FILY 5 AR —LEZEMERBEDREFMILENID L - UFILY

FRAR—A A VRENRBD LEDIHDHDTH B,

The interior of anode 1 is filled with lithium vapor generated from lithium evaporation
furnace 18, and lithium vapor and helium from a helium reflux system (not shown) are

supplied to the PIG-type ion source deployed on the outer wall surface of anode 1.

iR 1 OWNEBIZ) FULERERFL8MSRELLEVFUVLAITRALTED., B 1 OANER
ICEBRALTWBSPIGEAFVRICUFIVLRIERRLTORWAU D LERS AT LHDS5DAN

o LEHHE L TW S,

A lithium supply system is attached to anode 1, but it is not shown in the diagram for

simplicity.

il LICIE) FULOMEES T LABD DIFSNTVEHEEIED ORI L TLAEL,
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The PIG ion source 19 is a simple type that uses a permanent magnet as a discharge electrode
and has high lithium cluster ion generation efficiency, and also generates helium-lithium

cluster ions when helium gas is supplied.

PIGAAYVIR1IIFKAKAZHEBHEE L THABLILBERETUFUOLISAZ—1F DR

EFHMRIEL AVITLAROEIRTTIIANV I L - VUFILISAZ—A1FHEET B,

[0053]

The reaction vessel 7 in the first embodiment of the present invention shown in Figure 1 and
the second embodiment shown in Figure 2 are both axially symmetrical cylinders. This is to
suppress the emission of radiation, including slow neutrons, generated during the reaction,
thereby increasing absorption efficiency and enabling the secondary and tertiary nuclear

reactions to function effectively.
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1 DAFKERADE 1 OXREHIE LK 2 D5 2 DXBIEDORIGAS 7 (AN ENFREDOMRFE & L
TW3H. CHNIIRIGTEETZEEPEFZIILH T EIRAROERZIMZ TRINNERZZD

ZRERIS, ZRERISDBIEZIEDBT-DTH B,

As is clear from the structures of anode 1 and cathode 2 described above, it goes without
saying that both electrodes can be made into flat plates and assembled in a spatially efficient

alternating stacking method.

FEEBER L ELUREER 2 DIEED SHSN B L SIS, MEMZ FREE L. ZEFEICZHRORVR

BEREEARTHALIFA3ZCHTEIIDIEFESEFTHEL,

[0054]

A heat exchange system 17 is installed around the outer perimeter of the reaction vessel 7,
and the entire outer perimeter of the reaction vessel 7, including the heat exchange system

17,is wrapped in a shielding blanket 5 and an insulating material 8.
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DHNE2EIGERT Z > 7 v b5 LB 8 TAFTFNTWVS,

The heat obtained in the heat exchange system 17 is configured to be supplied to the heat

utilization system 16.

B AT L1 T TEOSNBBT. BFASXATLL6ICHEIETE 3L DICEREINTLS,

Cathode 2 and anode 1 are electrically connected to the accelerator power supply 4.

PEAE 2 L[5 1 ISIDHREIR 4 L EXIICERIN TV S,

A helium recovery device 6, installed outside the reaction vessel 7, is connected to the
insulating plate 3, penetrating it, so that helium generated inside the reaction vessel 7 and the

shielding blanket 5 can be recovered.

RISAERTRRERT STy FERTRELIAVTLHAEIRTE 3 & 5 ICRIGEER 7 DR

ICRRE LTeN) U LBIUEE 6 hieEik 3 2B& L ToEN > TS,
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The helium recovery device 6 is equipped with a gas sorting function and can collect tritium T
and its daughter nucleus, helium<sup>3</sup>He, which are produced in secondary and

tertiary nuclear reactions.

A D LENREE 6 13 RGN e > TOW T TRV =R TET 2 =FKETP=E

KEDERKLTH BN U L<sup>3</sup>He ZEHBZ N TE 3,

The reaction vessel 7 is equipped with a lithium supply and purification system 15 that can

monitor the state of helium.

RISBEE TICIINU D LOKEZEZX—TE 3 ) FULEGHIES X7 L1 5HEERENATL

Do

[0055]

In the first embodiment described above, the surfaces of the anode 1 and cathode 2 are
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wetted with liquid metallic lithium flowing down from the overflow rings 11 and 13,
respectively. In addition, since the lower ends of both electrodes are in contact with the
bottom surface that stores the liquid metallic lithium 9, the liquid metallic lithium can also

seep into the electrodes by capillary action.

FEEE 1 OEBFEICEWVWTIIBRE 1 RUEKR 2 OXR@IFKLOA—N—70O0-)>4511k13
WESARNEEIREELE FILTENDIDICMA T, MERDO FREIBELE FILOZEED
TULWAEECEML TVWR-OEERRT. EBRNICKREEEVFILEBAFHEZHTE

Bo

The situation due to capillary action is exactly the same for cathode 2 in the second

embodiment.

COEERRICLDNNRITE 2 ORBIEEDEE 2 ICOVTHEELTH S,

lons emitted from anode 1 are accelerated by acceleration power supply 4 and projected
onto the surface of cathode 2, where a chemical fusion reaction occurs. The ions can then be
easily extracted as energy with the circulating liquid metallic lithium 9 through the heat

exchange system 17 and heat utilization systems 14 and 16.
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BRRICIRILFEF— LTEROHEE S,

The state of the liquid metallic lithium 9 at this time is monitored by the lithium supply

purification system 15, enabling safe long-term operation.

COBRDOREER) F VLI DREILYFILHGHIELS XTLLISICEDEZZ—CNTRER

REEEGNAREE R Do

The helium and other substances produced during nuclear fusion are discharged outside the
system by the helium recovery unit 6, but the tritium and some helium gas selected by this

unit are refluxed to the reaction vessel 7 as needed.

BREDERNY T LFIF. AT LLIEEE 6 TYXTLNCHHEINS D AREICEL > TE

AMENTC=BKRE—TBOAY T LA RIBEICIGEC TRISEEE 7 ISERSN S,
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[0056]

In these first and second embodiments, the cathode 2 is arranged in a cylindrical shape and
completely enclosed by a radiation shielding blanket 5, thereby enabling the induction of

secondary-tertiary nuclear reactions without loss of radiation generated by chemical fusion.

COELRVE2OEMIETIIEE 2 ZHARICEREL. TNZzT2ICHEHRERT Z>7 v b
5TUACH. EERMETELIBEHRZOXTE R ZR-=ZXR-RREZFERSED

CENTE S,

Furthermore, since the heat exchange system 17 is installed inside the shielding blanket 5, it

is possible to improve thermal efficiency.

SOICARBO AT LLTZERT Z>7y b5 DRICEHR L IO TEMNRDA LZX D Z eH'E

BETH B,

The liquid activity of the liquid lithium that induces chemical fusion at cathode 2 may

disappear depending on the type of impurities in the liquid. Therefore, a lithium supply
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purification system 15 is provided, and the control of nuclear fusion can be facilitated by

measuring the lithium temperature, etc.

=M 2 DILFERRE ZHFE I 2RIE) 77U LORIFEREITRIERDEAYDERICK > TIHKT
Z2DT. VFULHEHILS AT LLS5HRITTHD. UVF U LDEEFOFHATRASHIEDN

AEEBIEH NS,

[0057]

Next, the heat utilization systems 14 and 16 of the above-described embodiment will be

explained with reference to Figure 3.

RICK 3 ZAWVWTRIADRFIEDRAFIAL AT L1 4RV 6ICDTEHAT %,

Figure 3 is a flow sheet of a thermoelectric power generation system, and is identical to

Figure 6 in the Japanese Patent Application No. 2001-258234 of the present inventors.

20-08-2026 - Page 58



K3iF. RABEERTLOT7O—>—FTH-T. ARAEFDORE2001-2582340

FOX6 LE—DHDTH B,

The liquid metallic lithium coolant, heated by nuclear fusion from the reaction vessel 7 that
constitutes the chemical fusion apparatus, is guided via piping 101 to the high-temperature
section 103 of the thermoelectric element (thermoelectric material) 105. After heating this
section, it is introduced through piping 101 to the circulation pump 102, which then returns to

the reaction vessel, forming a primary circulation loop.

IEFRZMEREZ BN T D2 RIEBETHSZAMEICK DIMATNICREZRE ) F U LAHIMISEE
101ZN LT RAEZXRF (BEYE) 1050FEE1L 0 3ICEIN. XL MEAL DL
BRARYT102ICEELO L TEATNH, RV T10 2 TREBHBICED—RABRIL—T%

R L TULV 3,

[0058]

20-08-2026 - Page 59



On the other hand, a secondary heat removal loop for cooling and removing heat from the
low-temperature section 104 of the thermoelectric element 105 is composed of piping 106, a

circulation pump 107, and a heat dissipation device 108.

—75. ABRTF105DEEEL 0 4 2 5HFAT 5 _RRBFHRIIL-THEEL0 6. BERKRVT

107, BHEEEBE1O08ICEDEREINTWLS,

The thermoelectric element 105 is tightly connected between its high-temperature section
103 and low-temperature section 104, and generates electricity from the temperature

difference between the high-temperature section 103 and the low-temperature section 104.

RERFLOS50FEENL 03 LEENL 04 LDMICIFAERF 1 0 5HARICERINTULT,

=R 1 03 EEHLO0 4 LDREETHET %,

In other words, it directly converts thermal energy into electrical energy.

TROBATIXINF—ZERBRIRILF—ICEHERT B,
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The generated electrical energy is supplied to the load via cable 109.

HEEEBEFIRILF—ITr—TIL109IC&L>TaTICHEBINS,

[0059]

According to the embodiment shown in Figure 3, since thermal energy can be directly
converted into electrical energy, an extremely simple power generation system can be

realized, providing an economical and reliable chemical fusion energy supply device.

M3 DERMIEICEINE. ATXILF—ZERERTRILF—ICERTESH. MO THRELRH
BVRT LZRETEEFEPERIEICEATMEEME IR T —DHIGREZRMI IS e

TZE %o

The method of using heat to generate electricity by rotating a turbine using a heat exchange
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system to directly cool liquid metallic lithium with water/steam is the same as conventional

breeder reactor power generation, so it will not be described in detail again.

H2FAFREL T, REERE Y TV LADERSEM K BB DALZRDIcHORARRS X T L%
BALTR-EVZEHmEEEBT AL KEROBEFICEZRBLEALTHSN5. H5T1

S TERRIF LE L

[0060]

This is an explanatory diagram illustrating the schematic configuration of a lithium cluster

chemical fusion apparatus according to the first embodiment of the present invention.

KEBDE 1 DRBIZED ) FU LY S AE—LERMEEEDHIEIBRN Z5RPAY 5 /- DFREAK
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This is an explanatory diagram illustrating the schematic configuration of a lithium cluster

chemical fusion apparatus according to a second embodiment of the present invention.
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KEBEDE 2 DRMBIZED ) FU LY S AZ—LERMEEEDHIEIBRN Z5RPAY 5 7-d DFREAK
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This is an explanatory diagram of the heat utilization system according to the first and second

embodiments of the present invention.

AFERADE 1 RVE 2 ORBIEEROAFAS X T LDOFHBAKTH 5,

Explanation of the symbols

5 DERRA

[0061]

1. Anode 2. Cathode 3. Insulating plate 4. Accelerator power supply 5. Shielding blanket 6.

20-08-2026 - Page 63



Helium recovery device 7. Reaction vessel 8. Insulation material 9. Lithium 10. Lithium
circulation pump 11. Overflow ring 12. Lithium circulation pump 13. Overflow ring 14. Heat
utilization system 15. Lithium supply purification system 16. Heat utilization system 17. Heat
exchange system 18. Furnace 19. PIG ion source 101. Piping 102. Circulation pump 103. High
temperature section (thermoelectric element) 104. Low temperature section (thermoelectric
element) 105. Thermoelectric element (thermoelectric material) 106. Piping 107. Circulation

pump 108. Heat dissipation device 109. Cable

1 5 2 B2 3 fEigiR 4 IEREIR 5 BERR TS >7 v b 6 ANUDLENEE 7 RISEER 8 Wi
BMOUFILLI0 UFILRBRR>T 11 A—N—70-U>J 12 VDFILBRRVT

13A—N=—70-U>2T 14 3FBRTL 15 UFULHGEHIES XTL 16 2FATX
TLL1T7 AR ATLLI8F LI PIGAAVIR1I01EE 102 BRAR> 103 &iA
B (REZRTF) 104 EER (AERF) 105 AEHRTF REYE) 106E8HE 107 BR

RYT L1088 WMBAKE 109 77—
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