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REK) F U LMEFERRE TR F —REEROVOEE

[0001]

The present invention relates to a method and apparatus for generating recoil lithium
chemical fusion energy, and more particularly to a method and apparatus for generating
recoil lithium chemical fusion energy induced by recoil ions in a target consisting of a liquid
fusion material mainly composed of molten metallic lithium, which is targeted by ion

implantation.

AEBIIRBE) F U LMEERBETRILF —REZRVEE. KIC. BAREBVFULZERLCT
BMEMEDL 5B BZREZZNE L. 1T 2VFATET BENPRORBRA F UHFEHT D RBEV

FULEERRE IR F —HEENVEEICATZHDTH B,

[0002]
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Currently, practical nuclear fusion has not yet been achieved. For these reasons, the present
inventors have invented Patent Document 1 (Method for generating a non-rebounding non-
thermonuclear fusion reaction and apparatus for generating non-rebounding thermal

energy), Patent Document 2 (Method for generating a molten lithium nuclear fusion reaction
and apparatus for supplying nuclear fusion energy), Patent Document 3 (Method for
generating a non-thermonuclear fusion power generation and apparatus for generating a non-
thermonuclear fusion power generation), Patent Document 4 (Nuclear fusion reactor), Patent
Document 5 (Method for generating a molten lithium nuclear fusion reaction and apparatus
for generating molten lithium nuclear fusion energy), and Patent Document 6 (Method for

generating enhanced nuclear fusion and apparatus for generating enhanced nuclear fusion

energy).

RERALANILOKRMEIFFELERLTVAL, COLSBRIEHSEAKEBPEIL. 551

(ERWIEARBMERGERAEARVERBAT RILE—RERE) | X2 CARIUF I L
BRERISEEFERVEZMEIRILF—HGEE) « 53 CEARREREAESLUIE
MRS REREE) \ FEIi4 (KRS RIGER) « [R5 CARLY 7 LIREIE RIGER
BERVAR FULKRBMEI R —RERE) . FETXE6 (BEKMERERERVEER

MEIRILEF—RERE) ZHHBALT.

20-08-2026 - Page 3



[0003]

Furthermore, the theory based on the second law of thermodynamics for these inventions is
disclosed in Non-Patent Document 1, and experimental verification of this theory is disclosed

in No. 3 of Non-Patent Document 2 and in Non-Patent Document 3.

oo INSORBAOBANFE RN U IR ISIEFE R 1 12, X C DOEEROERERIIIREE

FIEFFEFX 2 DFRDN o . 3ELVIFKFFHNE I ICHTREIN TV S,

These documents demonstrate that practical-level non-thermonuclear fusion can be
achieved using existing methods, and they show examples of energy device configurations

that utilize this technology.

CNODXERTIIBIFOFERICL > TERALANILOIERAKREDERNIETHD. ChzFAL

TR F—HEDBRAIDTREIN TV S,
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$5M2003-13097 751

B92005-0492 4 6 2R

5/ 2 005-049 2 4 6 5FR

Japan Journal of Applied Physics 40, 6092 (2001) th E5RJEL &

Japan Journal of Applied Physics 40, 6092 (2001 ) it _E5RJAL &

Bulletin of Institute of Chemistry, Uppsala University, September 2002 jth_E5J4l 2, http :

/ /www. inst. kemi. uu. seBulletinBulletinen_1. pdf

Bulletin of Institute of Chemistry, Uppsala University, September 2002 jth_E5J& 2, http :

//www. inst. kemi. uu. se/Bulletin/Bulletinen_1. pdf

Progress of Theoretical Physics Supplement 154. 251 (2004) ith 54 b
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Progress of Theoretical Physics Supplement 154. 251 (2004) th L5 fths

[0004]

The aforementioned documents have the following issues that have not been completely

resolved for practical application.

BIREE XTI, RALT 3 LTRSMAL TUELROBEL B 3.

In other words, the aforementioned literature discloses a new principle of nuclear fusion, now
called chemical fusion, in which a deuteron or proton beam with an energy of about 10
(kiloelectron volts) or less per nucleon is injected into a liquid target mainly composed of
molten metallic lithium, and the thermodynamic forces in the liquid increase the nuclear
fusion rate by more than 10" times. However, in the liquid metallic lithium, chemical reactions

competing with the chemical fusion reaction produce lithium hydride, which degrades the
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liquid activity of the molten metallic lithium and reduces the degree of enhancement of the

chemical fusion reaction.

5. BIECEXBRICIIRFHIcD 10 (FOBEFRILE) BEHBVWEFETNUTOIXRILF—DE
GFERIEBFE—LZBRER) FULEERE T BZ3RIFMENITTEA L. ZRIEFORNFENS
IC&k > TG L — bz 1 O<sup>10</sup>fEA LIBE T 3t FRMERIGEMHIEN S KL S (1

BOIFHFREORRMEHF ENFRINTVS D ZREER) TV LARTEEEMERIGEHRET
BIEFERIGHIKFICL) FUOLZERL TERER) 77 LOBREEEN L LILFERZRE RIGDE

EED R ETNSD,

[0005]

The thermodynamic forces referred to here are the collective dynamics specific to the
reaction medium that become apparent through effects such as the extension of adsorption

time and the enhancement of spontaneous chemical reactions in the solution.
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CCTESRNENN L IREREDOLERNRPART OBERE M CERISDEENR TRELL T

il

K BRISEHRGEOEFNZ A FI VXD ETH B,

[0006]

When injected ions collide with atoms in the liquid target, they form fused atoms. Within
these fused atoms, the colliding nuclei are confined to an extremely small space of less than
10" NER? m (pm), and interact at ultra-high density with zero-point energies of a few keV,

potentially inducing nuclear reactions via tunneling.

FEA T VISERITREENPORTF ERERFZ2EM T 5D MEREFATIE. GEREFXE
FEHpm (EOX—FIILHEDE 1 0<sup>-12</sup>m) LURDOENZERIIZEE LiAs 5
ke VDERIRIILF—CEBESEEOHEEERZHL. FRIMRICKZRRIGZFRT 3016

MHET B,

If the chemical energy released in the atomic reaction for fusion atom formation (called Gibbs
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energy) is large, the lifetime of fusion atom formation is extended by the enormous

enhancement factors described later.

ZRERFERORFRIGCTHREINZEEIRILY— (Gi bbsIRILF—LMER) HREFWV

BRI BERFEROFMHNERDET Z2REARTIBERFTLERENS,

As a result, the confinement time of the interacting nuclei is extended, and this factor

increases the nuclear reaction rate.

ZOHER. HEFRAZ LTLB3REFROMLAOLKHEGIEREIN. EORFTRREL — FHIEX

IT25DTHBo

[0007]

Chemical fusion is the realization, on Earth, of the nuclear fusion that occurs in ultra-high-
density white dwarfs and supernovae, which have a density equivalent to 1 million times that

of thermonuclear fusion plasma inside the sun, through this mechanism.
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CDESLBHBT. KGABOAKMETSIAVEED L 0 0 AFICHEIT EREEOHERE

CEFETHEI > TV ARKAMEZM ETRELICOMMLERRMETH 3,

[0008]

Therefore, the object of the present invention is to provide a practical method for generating
a chemical fusion reaction and a chemical fusion energy generator in which most of the
injected ions induce lithium chemical fusion by eliminating chemical reactions that compete

with the chemical fusion reaction and ensuring the complete metallicity of lithium.

I T AEBEOREL. ELEERMERICEFHET 2EERLZHRLT. UFIVLADTERERE
MZERILET B EICED FAAMFYORED) FULERZMEZHRT 2 XA R FE KR

BREEEES S ERKME IR F—REREZRMII B EICH B,
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[0009]

The present invention's method for generating recoil lithium chemical fusion energy is
characterized by injecting inert gas or light deuterium ions or molecular ions generated by a
discharge in a reaction vessel whose inner surface is lined with a neutron-absorbing material
such as metallic lithium, boron, or a compound of lithium or boron, into a liquid target
consisting mainly of molten metallic lithium, thereby generating recoil ions with an energy of
several kiloelectron volts per atomic mass unit, which is in the nuclear stopping power region.
A chemical fusion reaction is then induced between the recoil ions and the target atoms by
thermodynamic forces within the liquid target, and secondary nuclear reactions are induced
in the neutron-absorbing material and the liquid target by the slow neutrons released by the

fusion.

AFEADOKREK) FULEERMETRILF—REEIZ. AEZERVFULVROYEEI)FYD
LROY DI EMFOREF RN TEB T RIERNDRETE CIcREEA X R CIZERKE
DAFY. HBEWRDFA A ZBHER) F U LZERE T EHMEWMED 512 RIFENITE
AL TRAMBELLEEE TH S EFEERUDHICORFOEFRIL DI RILF— DR T > 2 FH

FL. REBEA A2 CENDORFEDET. EERRIFFHADANZIAICKL > TEERRE R IEZ
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FAHETHE. LEZAES THREINBERPEFICK D EERPUEFRINME LU LERIEFIZRRIIC TR

BRISEFRELOBZ 2R 3%,

[0010]

Furthermore, the recoil lithium chemical fusion energy generator of the present invention
comprises means for generating positive or negative atomic or molecular ions, a liquid target
consisting mainly of molten metallic lithium as a fusion material, a reaction vessel
surrounding the liquid target whose inner surface is covered with a neutron-absorbing
material such as metallic lithium, boron, or a compound of lithium or boron, and means for
accelerating the ions to a speed that generates recoil ions with an energy of several
kiloelectron volts per atomic mass unit, which is in the nuclear stopping power region, and
injecting them into the liquid target. A chemical fusion reaction is induced between the recoil
ions and the target atoms by thermodynamic forces within the liquid target, and a secondary
nuclear reaction is induced in the neutron-absorbing material and the liquid target by the

slow neutrons emitted by the fusion.
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Ffee XERAOKRB) FULEERMETXILF—REREIZ. EFLRBEORERFAF2HBLIE
DNFAFTEERTB3FRELSVAMER) FULZERE T H3RAEMED 58 5 RIFIFN L.
NEHZEE FULCROYELZ)FILRROYDILEMFOFEFRINMTE - Tc. LR
FENZzBECROIEBE. LA V%, RRELEERETH S RFEERULH D BEFOEFRIL
POITRILF—DRERA T2 2HET D& SREEICIEL TLEERIBZRITSTIATBZIFRELD
B0 RER A 2 CBHNDRF DB T, LEERFENADANZENNICEK > THLERRERIGZ
FHEIE. LEZAE THREINBEREPEFICK D EERPUEFRINME LU LERIFIZRIIC TR

BRISEFRELOBZ 2R 3%,

[0011]

Furthermore, the present invention is characterized in that the liquid target contains a

chemical fusion reaction inducing substance other than metallic lithium.

Ffee AERICEVWTIE. LEREENICER) F U LUNDILEZRMERISHEMEINEA TN

TWB Iz rd 5,
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[0012]

Furthermore, the present invention is characterized by stirring or flowing the liquid target or

by mixing a target temperature adjusting substance into the liquid target.

Ffew ARERBICEVWTIE, LEREENZIRFI ISR S E 2H DD W LERRIEENICIZENE

ERBYBEZREAT S L2/ 3%,

[0013]

According to the present invention, since the main component of a nuclear fusion reaction is
metallic lithium, ions of an inert gas or a mixed gas with light deuterium are accelerated and

injected into a liquid target consisting of a nuclear fusion material such as molten metallic
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lithium or a lithium alloy in a clean vacuum. The resulting recoil ions react with atoms in the
liquid target, and the lithium chemical nuclear fusion reaction can be enhanced by the

thermodynamic forces in the liquid.

AERBICEINE. ZRRAERIGOERXIIREEB)FILTHZNET7 -V REERTEIHMERE")
FUOLELREUFULEEFOKMEMED 54 3 RIEENICTEENIRISEEKREDREH
ADAF 2 ZMEL TEALTE LR Z > 2 RFZENDORFERIGE . RIEFORIFR

HCE>TIFULMEERRMERICZIBESE S EHTE B,

Therefore, it provides a safe and stable energy supply, and is easy and convenient to handle.

EDCHREN DRELILIXRILF—HEHTE. TOERWVWHEZTHETH S,

[0014]

(Theoretical basis for the present invention)
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(RFHEBHDIEZRAVIRHL)

[0015]

Generally, implanted ions repeatedly collide with atoms in the liquid target material, but a
large portion of the acceleration energy is transferred to the target atom in the first collision in

the form of recoil energy.

—MRITEAAT T U IIRIFENYEORF EERZHEORTH. IEIRILF—DEZ < DERDIE—RK

BHROBNRERFICREKIRILF—DRTHRITT 2,

Let m<sub>i</sub>and m<sub>t</sub> be the masses of the implanted ions and the atoms of
the target substance, respectively, and let E<sub>0</sub> be the implantation energy of the
ions. Then the recoil energy Er is determined by the conservation of momentum and energy

and is expressed by equation 1.
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EA A OESVIEZEMMEDRFDOEE %R FNEum<sub>i</sub>, m<sub>t</sub>& L. 1 #
VDFEALRILFE—% E<sub>0</sub>r TR ERMIRILE—E riTEBZE TRILF—DREF

AIICKDRED, M1 TKRDEIND,

[0017]

For example, if an argon ion (NER6A) collides with an atom (NERT7Li) of the target material, Er

=0.51E (NERS).

—fFle LT7ILO ><sup>40</sup>A D F > HiZBME DRFD<sup>T</sup>L i ICEHEL

BEIFEr=0. 51 E<sub>0</sub>t %3,

Since the recoil energy in secondary and subsequent collisions is small (less than 1/4 of the
energy of the injected argon), the contribution induced by recoil lithium atoms generated in
secondary and subsequent collisions can be ignored in nuclear fusion reactions where the

reaction probability decreases exponentially with decreasing collision energy.
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“RUBEOERICEITARRIRXILEF—IFFATILIVOIRILF DL 4UTENEVWHSE
RIRILF — DD THEEHBRICRSERBED T 3EMERLTIFZTRUBEOEHETEL R

Bk FULRFHNFERTIFEIIERTE %

[0018]

Aside from the pycnonuclear reaction, which astrophysicists believe occurs before the
explosion of ultra-dense white dwarfs and supernovae, there have been no theoretical or

experimental reports of a mechanism similar to chemical fusion reactions prior to Non-Patent

Document 1.

EEZMERGEERO XN Z I LG FEYVEFENESEEORBRECBHNEREMNICKEE
LTW3EZZX TLWBEHIREZKRGS (pycnonuclear reaction) UAMIIE. BIECIESFEFSCHA 1 1L

BFIEERMICHEERMICHIREFHN LS B L,

On the other hand, cold fusion is hydrogen-hydrogen nuclear fusion in a solid where no liquid
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activity exists, and is similar to hydrogen-hydrogen nuclear fusion in a gas plasma, and it goes

without saying that it is unrelated to chemical fusion.

— B EKHMEIIREEEDOEFELBRVEFPOKRZ-KEKRMETHD HR TS AP DIKE-

IKERZRE L RIRDKFR-IKAZMETH > TEERRME CIFBEZETHDIFIIV S ETHEL,

[0019]

Here, we will describe in detail the recoil lithium chemical fusion reaction of the present

invention, using the fusion reaction shown in Equation 2 as an example.

CCTIHMEEREMARSD S 5. AREORN F U AMLERRARSE ] 2 DR RSE G

EDEHRT B

[0021]
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Here, <sup>12</sup>C<sup>*</sup> and <sup>8</sup>Be<sup>*</sup> are reaction
intermediate excited nuclei, 20.90 MeV is the reaction generation energy, and MeV is one

million electron volts.

C C T<sup>12</sup>C <sup>*</sup>& <sup>8</sup>B e <sup>*</sup>|d 5z itr & 4 B Tt

T. 20. 90Me VIERBEEIRILF—THO. BMIMe VIZ1 0 0FEFRIL FTH 3,

[0022]

In this case, all the generated energy is released in the form of the kinetic energy of the

produced helium atoms (NER13 He ions, alpha particles).

CODBEDRETIRILF—IFLTERNY T LEREF<sup>4</sup>He 1 7F > (F7ILT 74F) DE&E

HIRILF—DFTHREEINS,
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In this reaction, when the recoil Li ion energy is 40 keV (kiloelectron volts), the Coulomb
barrier penetration factor, which is proportional to the fusion reaction rate, is small at 4.3 X
10, and the reaction probability is so small that it is impossible to observe using conventional

means.

CDORIGTIE. RBk<sup>6</sup>L i 1A VI RILF—H40keV (FOBFRILE) DF
B, KEkIGL— MIEBTE5 07 —OVEEDEBRFIE 4. 3 X 1 0<sup>-48</sup>& /&

<BEOBRAFERTIIAARRIFEEICRIGHERIZNS L,

However, in this energy range, the following atomic transmutation reaction (Equation 3)

occurs incidentally with the nuclear fusion reaction (Equation 2).

LHL. COIRILF—FEHTIIE 2 ORMERGICUATICR I 3 DRFERRICHHIFERTICFE

£9 %,

[0024]
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Therefore, in a nuclear fusion reaction of molten metallic lithium with a reaction number of 2,
a reaction enhancer is expected, represented by the enormous value shown in equation 4, due
to the Gibbs energy change AGr =-4.7 eV in the atomic transmutation reaction shown in

equation 3 and the thermodynamic force determined by the liquid target temperature T.

COlOBMER) TV LOKMERIGH 2 TIIAIDEFERRIGICEITEG i bbsIxIL
F—EAGr=-4. 7TeVERHFZEET TRIBBNENNICLZH4 TRIEZARED

RIGIEERFHEFFE NS,

[0026]

Here, k<sub>B</sub> is the Boltzmann constant, and the Gibbs energy change AGr in the
atomic transmutation reaction number 3 is calculated from the formation energies Gf of

lithium and carbon respectively using equation 5.
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Z Z T k<sub>B</sub>l3RJL'Y <> (Boltzmann) E#THDH. RFEHRIGMIICHITS
GibbsIXIF—ZHAGrIZVFILERRZFNENDERIRILE—G TFHEE5ICE-

THRHIN S

[0028]

For example, at an absolute temperature T =460 K (Kelvin), close to the melting point of
metallic lithium, k<sub>B</sub>T =0.040 eV, and the enhancement factor value shown in

equation 4 reaches 10<sup>51</sup>.

BIZIEERBR) FILORSISEVVENEET=460K (FJ)ILEY) Tld k<sub>B<

/sub>T=0. 040 eV T4 TRIEERFDIEIL 1 O<sup>51</sup>l3ET B,

Therefore, fusion reaction number 2 occurs at a large rate that cancels out the

aforementioned minute penetration factor through atomic transmutation reaction number 3.
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EDI-ORZAMERISH 2 13, RFERRIGH 3 &L TR OMMLERBRF2HERI 2RER

l/_ I\—C%Ej%o

Furthermore, considering the possibility that carbon, an intermediate product atom in the
atomic transmutation reaction number 3, might bond with lithium at an energy of
approximately 2.0 eV, the value of the number 5 Gibbs energy change becomes -6.7 eV, and

the enhancement factor can also be as high as 10<sup>72</sup>.

E5IC. RFEBRRICA 3 OFEERRFORED. UFILEN2. 0e VODIRILF—THE
T3EEMZEERIBLEG i bbsTRILF—ELOHSDEIF-6. 7eVERh, BERFIZ

1 0<sup>72</sup>ICHHDEF 3,

[0029]

As discussed in Patent Document 1, the fact that the aforementioned thermodynamic forces

also govern nuclear fusion reactions has been confirmed by observation of alpha particles
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(helium ions) generated in nuclear reactions, and is disclosed in Non-Patent Documents 2 and

3.

CDESICHIEERANFHAIN, BKRERIGZHXECY 5 C CIFANLDFFXEA L THRWS 1. €N
IC&BRZAMERIGL — MEENRDIERISTRELETILT 788 (NUDTLAF>) OBRITHSR

INTEHEOH. EEIFEFFHFXIA 2 XU 3 ICATIN TV S,

[0030]

For example, in mixed ion implantation of deuterium atoms and molecules at acceleration
energies of 10 keV (kiloelectron volts) and 20 keV at the melting point of metallic lithium, an
increase in the nuclear fusion reaction rate of approximately 10’ NER2 and 10" NER2',

respectively, has been observed.

BlzIE. E®BVFULORAICESITAIMMEIRILEF—10keV (FOBFHRILE) RU
20k e VDEKRREFADFREEAZVEAT. TNEN1 0<sup>14</sup>fE. 1 0<sup>12<

[sup>BREEDOZMERIGL — b DBELIFRA TN TV S,
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[0031]

In natural lithium, where the liquid target is not enriched NER22Li, the abundance of NER23Li
is 93%, and fusion reactions shown in Equations 6 and 7 occur along with the fusion reaction

shown in Equation 2.

RIKIERHYEME<sup>6</sup>L i TIFBWKIAU F I LTIE. <sup>T</sup>L i OFELLEH

93%T. H2DKAMERICEHIZHE NV T ISR I EMERIGHELET S,

[0034]

Here, nis a slow neutron.
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CCTnIMEERFEFTH S,

[0035]

As explained in Patent Document 1, the slow neutrons released in nuclear fusion are
absorbed by neutron absorbers such as metallic lithium or boron or lithium-boron
compounds, and by the liquid target lithium, so this secondary nuclear reaction also

generates energy.

KRS THHEINERPEFIE. AIEETXM L TRHESNTWVWBESICERY FULERLIFR
OYEWEU F7 L ROV CEYFOHEFRINME L ORIEEREFZR ) FU LICKRINE NS D

T. COZRBRRBHIRILEF—%EFKET D,

These fusion and secondary nuclear reactions can be stopped immediately by ceasing ion
injection or by the resulting rise in target temperature, allowing for easy control of energy
generation. Furthermore, since there is no energy or radiation emission when not in use, it is

possible to provide an easy-to-handle energy source with few limitations on its use.
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NS DRMERIGE ZRIZRIGIZT Z > OFEARLED B WERIGICH S ZNEE EF TRIEICE
LET2DT. BRICIRILF—REDOHIEHLAIEETHD . FALBVE EICEIRILF—RUBRSY

MOBEHZWcH. MRALOFIRD DG CEDFVSGVWIRILF—RZRMT S CHAIETH

Bo

[0036]

When substance X is mixed into a molten lithium target to form a molten alloy of lithium, the

nuclear fusion reaction induced by recoiling lithium ions is accompanied by the atomic

transmutation shown in the following equation 8.

BRIV FULENICEXZRALT. UFUVLZBTMERICTSE. REKUFULAA DHER

T ARMERIGICIFRDEA 8 ICTREINBRFELNEEH L THET B,

In this case, the change in Gibbs energy before and after the transformation is shown in the

following equation 9.
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CDSEDETEFIEDG i bb s TRILEF—ZIXROEOICRINDLSICH D,

[0039]

Between the Gibbs energy changes shown in equations 5 and 9 above, the following equation

10 holds true.

FERHE5 CHOICTREINEG i bb s TRILF—ZLDORICRDE L 0HRILT Do

[0041]

If this relationship holds, the degree of enhancement of the chemical fusion reaction

increases as shown in the following equation 11. However, the carbon intermediate excited
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nuclei produced in the above atomic transmutation reaction number 8 split into helium

within 10 NER 24 seconds, so the freed X does not disappear but alloys with lithium again.

COBERDRIIT 258 (EFERMERICDEEEHN RO L LICRI L SICAELETBH. L5
RFEBRIGE 8 TERL L FoikRFA= D HREERMIEXIE 1 0 <sup>-18</sup>FLARICA Y T LIZ5

HIBDT, BRELLEXIFERTZCCBRSBUIFIVLEGERILT B,

In other words, this substance X will function as a catalyst.

DEDZOYBEXIFAEY L TOBEEEH D EICH D,

[0043]

As a concrete example, let's consider the case where boron is mixed with lithium as catalyst X.

BEAIO—D e LT, ROVZMEXELTUFILISEATRHEZERX .
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[0044]

Boron does not combine with lithium below 300°C, but dissolves in lithium, becoming

metallic and forming an alloy.

ROVIF300°CUTTUFIVLLALRIFET. UFVLRISATTCERYZROLSICRDESR

1£9 %,

The Gibbs energy change shown in equation 9 for the chemical fusion reaction of lithium-
boron alloy is approximately 2 eV higher in absolute value than the value shown in equation 5
for elemental lithium, and the degree of enhancement of the atomic transmutation reaction

shown in equation 8 is more than 10 times greater than the atomic transmutation reaction

shown in equation 3.
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UFOL-ROYEEDEERMERIGDBEDHI TRENSG i bbsTRILF-FIF)F
D LBEDZBEDES ICRENBELD 2 e VIEEMIMENEM L. LK 8 ICREINBRFER

RIGDIBEE IFE 3 ISR SN B RFEBLRIGICEAR 1 0<sup>20</sup>BULEXRET < B3,

Consequently, the rate of enhancement of chemical fusion reactions increases by the same

multiple.

CNICE BB > TEERRMERICDEEES R CEHICITABICIERT %,

When the recoiling Li ion is a molecular ion, C<sub>2</sub>, which acts as a CX, is generated,

resulting in an autocatalytic effect.

REEL | 1 F DD FAF > DHEIFCXDIRZE T B C<sub>2</sub>H'FEE L B S EEMNRN B

Bo

[0045]
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Next, consider the case where the implanted ions are mixed ions.

RISGEAAA VNSRBI VD ERET 3HEEERX D,

For example, when deuterium is mixed with the inert gas helium, a complex ion HeD<sup>+<
/sup>is generated, which, in conjunction with the reaction by recoiling lithium in the liquid

target lithium, induces the molecular transformation reaction shown in equation 12.

—Fle LT FEEHRDANI T LICEKENBEALTWVWS LRGN F > H e D<sup>+</sup>H'
BEL. RIEEN)FILPT. RBEVFULICLZRIGEHHETEH L 2ICRINZDFERKR

e FHEHY %o

[0047]

The Gibbs energy change in this reaction is significant at -5.11 eV, so the reaction enhancer
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becomes 10" NER? times stronger, and all the deuterons in this ion undergo chemical fusion

with NER? Li or NER® Li.

CORIGDG i bbsIXILF—FIF-5. 11eVEELLDT. RIMEERFIX
1 0<sup>56</sup>fBICHBZIHDBREA F Y DERZFIEE T<sup>7</sup>L i XldI<sup>6<

/sup>L i CEERMERIGZE T,

Therefore, in this case, even if deuterium is mixed in the inert gas, degradation of the molten

lithium metal in the target due to chemical reaction with deuterium can be avoided.

L7cht> T COBERTEEAXICEKEZNEAL TOWTHENFROEMERE) FU LD EKE

EDLERIGTHILT B LIFEITOND,

Furthermore, the only fusion product is helium, just as in the case of lithium chemical fusion

reactions.

FTRREEMMIZ) FU LMERRERLDHZE EARKICAN) T LDHTH B,
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[0048]

The recoil lithium chemical fusion energy generation method and apparatus of the present

invention will be described below with reference to the drawings.

LUFREICK > TAFEBRDO R 77 MEFRBME TR T —HEERUOEEZHAT %,

[0049]

Figure 1 is a schematic diagram of an example of the reaction apparatus body 1 of the recoil
lithium chemical fusion energy generator of the present invention, equipped with an 8-unit
PIG-type ion source, and consists of a molten metallic lithium container 2, a PIG-type ion
source 3, a liquid target 4 made of fusion material mainly composed of molten metallic
lithium or an alloy thereof, a stirrer 5, an ion accelerating electrode 6, a magnetic pole

cathode 7 of the ion source, a permanent magnet 8, an ion source anode 9, an ion beam 10, a
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neutron absorber 11 such as metallic lithium, boron, or a compound of lithium or boron

covering the inner surface of the container 2, and a steam generation heat exchanger 12.

LIAFEBRHEK) F U LMEERREI XL F —REREORIGEERELO—HE LTOD 8E

PIGEAFVREEDHEBER TH> TAMEE ) FULRR 2. PIGEAAVIRI., AR
ERVFVLXIIEAERZEARETIRMEMBEDL S BB RIFEN4. HHBES5. 174 VINEEMR
6. 1FVIEDHEENY —F 7. KABAS., 1 FVIEY/—F9. A1 F2E-L10. BE2D
NHZEB SR FULVROYELIEVFULRROY DILEMFORMFRINM 1 1 RV

J[EEALMRE 1 2 DBBABERTHEREIN TV S,

However, equipment such as the molten metal lithium preheating system, thermocouple

rows for auxiliary energy extraction, and high-voltage power supplies have been omitted.

ezl BRER) 77U LFRMEAS X T L PN I RILF —ED H L OREXNTIFOHEREL

SEERIFEEL TS,

[0050]
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The ion source 3 has a structure in which PIG-type ion sources of inert gases such as argon,
neon, and helium, or mixed gases with light deuterium, are arranged in parallel. The ion beam
10 extracted from here is accelerated by the accelerating electrode 6 to a predetermined
energy (a magnitude that generates recoil ions with an energy of several kiloelectron volts per
atomic mass, which is the nuclear stopping power region described later, for example, several
tens of keV), and injected into the molten metallic lithium or lithium alloy of the liquid target 4

to generate recoil lithium ions.

AZVRIETILIAY. XAV AVDTLFOREENZAH 2 VSEEKRLEDREEHADPIG
BoA# Y RzEIICEBLIBEZLTED. CCHHE5|ITHLII A E—L 1L OIXNEER
6 TAMEDIRILF— (b g B%AVPEIERERIE TH B RFEERUHOHFOEFRILFDOT
FILEF—DRRA TV ERETDEIOBREE. FIZIFH1LI0 ke V) IIEL. BRIFZEN 4 DF

RMEBVF VLIV FILERICEAL. REKVFUOLAFT U ZREE LD B,

As a result, thermodynamic forces cause most of the recoiling lithium ions to induce nuclear
fusion reactions on the surface of molten metallic lithium, generating helium ions with an

energy release of several MeV.
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ZORR. BAOENNICE > TREDOREK) FU LA F UHEaMER) FU LAREB TRAERIE

ZHREL. BMe VOBRBEIRILF—DANVITLAF U ERET B,

The thermal energy from lithium or lithium alloy heated by helium ions is extracted through a

thermocouple or a refrigerant used to cool the reactor, such as liquid lithium.

N)DTLAF D THMRASNIEY FULRXIF)FULEEN S DRI RILF — IFRABRFIT LK

VFULEFEORIGEESHRAAEZEC TROHT,

[0051]

In this invention, since the reaction product is helium, it can be extracted and effectively

utilized using a helium recovery system, and no radioactive waste is generated.

AFEATIIRISERIHPINI T LTHZDT. ANVTLENRS AT LICEDEDE L TEMFIRAT

% DT EHHIEREMIZEL BV,
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[0052]

According to the above embodiment, inert gas ions can be introduced into a target metal
lithium in a clean vacuum, and the ion beam intensity can be freely controlled, similar to the

acceleration energy, by adjusting the gas pressure and applied voltage of the ion source.

FEREERAICENUS. REEARA A2 ) -V BREEFOFENER ) FILICEATSE LN
TE AFVROARERVHMEEDHAB T4 E—LBEHMEIRI/LF— LRARRICEAIS

HIEHTE %,

As aresult, the optimal amount of energy generated can be obtained according to the
purpose, such as power generation or district heating, and a safe and stable energy source

can be provided with fewer restrictions on its use.

CORER. REHDVIHFREFOBMICIEL T, REIXRILF—EEENESN. FIBELOH!
RNV GCREEDTRELAIXRINF—R2RRETSE N TES,
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[0053]

In this invention, instead of introducing an ion source 3, the space inside the reactor body 1 is
filled with a dilute gas, and a high-voltage pulse is applied between the ion accelerating
electrode 6 and the liquid target 4 mainly composed of molten lithium to simultaneously

achieve gas ionization and acceleration.

AEBATIEAAVEIZEATIDDODICRGEBERE LARNOTEBEHREHITHLL. 14 >m
HEBG6 LB FIULETERE TIRBEN4DBICESEE/NILAZEHMLTHIDA AL

MEZFERIOZEK TS EDHTE S,

[0054]
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Furthermore, the inner wall surface of the container 2 may be covered with a gamma-ray

shielding material.

BE. LERABR2ONEMITIEICH VY VIRERMTES LSICLTHEL,

[0055]

Furthermore, the liquid target may also contain chemical fusion reaction inducing materials

other than metallic lithium, or materials for controlling the target temperature.

. EEERIMERICIZER U TV LA DILERRE RICHHEYE X 12 IZFRERIEYE 2R

ALTHEL,

[0056]
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This is an explanatory diagram of the main body of the recoil lithium chemical fusion energy

generator according to the present invention.

AREADOKRBK FU LLEERME T RIILF —HEREREDOHARTH 3,

Explanation of the symbols

B8

23
i
S

[0057]

1. Reactor body of the recoil lithium chemical fusion energy generator 2. Molten metal lithium
container 3. PIG-type ion source 4. Liquid target 5. Stirrer 6. lon accelerating electrode 7.
Magnetic pole cathode 8. Permanent magnet 9. Anode 10. lon beam 11. Neutron absorber 12.

Steam generation heat exchanger
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1 RBEU T AMCSHBAET 2L F —RERBORGEEARK 2 ARSE 7 LEE 3

PIGEACFVIR 4 RIFEN 5 H#F88 6 4 VIREE 7 BEHY —F 8 XkAMA 9 7./ —

F1OA42E—L 11 FHEFRINM 12 ZARFEER RS
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