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DESCRIPTION JP2005321366A

Lithium chemical fusion reaction generation method and lithium chemical fusion energy

generation device
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[0001]

The present invention relates to a method for generating chemical fusion reactions and a
chemical fusion energy generator, and more particularly to a method for generating lithium
chemical fusion reactions utilizing lithium chemical fusion and secondary nuclear reactions
targeting a liquid consisting mainly of molten metallic lithium as a fusion material, as well as a

lithium chemical fusion energy generator.

AERBIIMERAMERICELEERMEFRRME IR F —RERE. FITAMER) FU LZEE
ETDRRMEMEDL S BBIREEZZENET S ) FULERRMERV ZRZRIGZFRBLIZ)FU

LM ERE RS OIC FI AMERRA T XY —RERBICET 250 TH 3.
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[0002]

Currently, practical nuclear fusion has not yet been achieved. For these reasons, the present
inventors have invented the following: Japanese Patent Publication No. 2003-270372 "Method
for generating a non-rebounding non-thermonuclear fusion reaction and apparatus for
generating non-rebounding thermal energy", Japanese Patent Publication No. 2002-207092
"Method for generating a molten lithium nuclear fusion reaction and apparatus for supplying
nuclear fusion energy", Japanese Patent Publication No. 2003-066176 "Method for generating
non-thermonuclear fusion power and apparatus for generating non-thermonuclear fusion
power", Japanese Patent Publication No. 2003-130976 "Nuclear fusion reaction apparatus",
Japanese Patent Publication No. 2003-130977 "Method for generating a molten lithium
nuclear fusion reaction and apparatus for generating molten lithium nuclear fusion energy",
and Japanese Patent Application No. 2003-282261 "Method for generating enhanced nuclear
fusion and apparatus for generating enhanced nuclear fusion energy". Furthermore, the
theory behind these inventions, based on the second law of thermodynamics, is disclosed in
Non-Patent Document 1. These prior art inventions demonstrate that practical-level non-
thermonuclear fusion can be achieved using existing means, and examples of energy device

configurations utilizing this are shown.
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2003-2703725 MERBIFABRRERDERAERVERRATRILF—RERE) |
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BAIDRENT VS,

[0003]

[Patent Document 1] Japanese Unexamined Patent Publication No. 2002-207092 [Patent
Document 2] Japanese Unexamined Patent Publication No. 2003-066176 [Patent Document 3]
Japanese Unexamined Patent Publication No. 2003-130976 [Patent Document 4] Japanese
Unexamined Patent Publication No. 2008-130977 [Patent Document 5] Japanese Unexamined

Patent Publication No. 2003-270372
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[0004]

[Non-Patent Document 1] Bulletin of Institute of Chemistry, Uppsala University, September
2002, written by Hidetane lkegami et al., http://www. inst. kemi. uu. se/Bulletin/Bulletinen_1.

pdf [Non-Patent Document 2] White Dwarfs (North-Holland, Amsterdam, 1958) E. Written by

Schatzman

[FE4FEFX@i1] Bul letinofInstituteofChemistry,

UppsalaUniversity, September 2002t ERA &,

http://www. inst. kemi. uu.
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se/Bulletin/Bulletinen_1. pdf [BEFX#E2] White
Dwarfs (North-Holland, Amsterdam, 1958) E.

Schatzman3E

[0005]

The aforementioned prior art inventions have the following issues that have not been
completely resolved for practical application. In other words, the aforementioned prior art
inventions disclose a new principle of nuclear fusion, now called chemical fusion, in which a
deuteron or proton beam with an energy of 50 keV (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 10 times or more.
However, in the liquid metallic lithium, a chemical reaction competing with the chemical
fusion reaction may produce lithium hydride, which may lead to a decrease in the nuclear

fusion rate due to the degradation of the molten metallic lithium.
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[0006]

Therefore, the object of the present invention is to provide a practical method for generating
a chemical fusion reaction and a chemical fusion energy generation device that eliminates
chemical reactions that compete with the chemical fusion reaction and maintains the

complete metallicity of metallic lithium.
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[0007]

To achieve the aforementioned objectives, the present invention accelerates lithium ions
extracted from an ion source or generated by discharge in a reaction vessel and injects them
into the surface of a liquid target such as molten metallic lithium or a lithium alloy. This
enhances the chemical fusion reaction through thermodynamic forces within the liquid
metallic lithium without inducing competing chemical reactions, and indirectly enhances
secondary nuclear reactions caused by slow neutrons produced in fusion. Furthermore, the
invention is characterized by further strengthening the reaction by mixing metallic fusion
material into the liquid target to increase the Gibbs energy (chemical potential) difference

before and after the fusion reaction.
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[0008]

Furthermore, the system comprises a liquid target consisting of elements that generate
positive or negative lithium ions and a liquid fusion material such as molten metallic lithium
or a metallic lithium alloy, and a reaction vessel surrounding the liquid target, the walls of
which are covered with a neutron absorber such as metallic lithium or a lithium compound
and a gamma-ray shielding material. The system is characterized by promoting the lithium
chemical fusion reaction through thermodynamic forces within the liquid target, and also
promoting secondary nuclear reactions caused by the slow neutrons released in fusion and
the neutron absorber such as metallic lithium or a lithium compound on the reaction vessel

walls.

20-08-2026 - Page 9



B, EFLBEDUTF UL A F 2 ZERIT PBREBRERB FUVLEIIIEB)FIVLE
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[0009]

According to the present invention, since metallic lithium is the main component of the
nuclear fusion reaction, accelerated lithium ions can be reacted in a clean vacuum with a
liquid target consisting of a nuclear fusion material such as molten metallic lithium or a
lithium alloy, and the chemical nuclear fusion reaction can be enhanced by the
thermodynamic forces in the liquid. Therefore, it provides a safe and stable energy supply,

and is easy and convenient to handle.
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AEBICINIERAMERIGCOERXIIER) FULLEITTHZIDSMEVFIOLAA > Z2T) -2
BEZERTERMERVFULERIZVFUVLEEFORMEMEN 5B ZREFENERIGET . KK
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THRLF— AN TE. TORRVLES THETH 5.

[0010]

Aside from similar nuclear fusion occurring in ultra-high-density white dwarfs, which have
been known since Non-Patent Document 2, there have been no reported examples of
chemical nuclear fusion reactions, either theoretically or experimentally, prior to Non-Patent
Document 1. Here, we will describe in detail the lithium chemical fusion reaction of the

present invention, using the fusion reaction in formula 1 as an example.

{LF B E RIGITIFFEF X 2 UIRAKDESEE DA EREF THRE L TLSHEUDKBRS SN
ICIE. BIECIRATEFSCER 1 LARTIFIEERAYICHRBNICHIHERADN 2 < BV S I TIHMEERMER

OS5, FRBOUF I LMEFERARSE(L 1 ROBBAREIC L DB 5.
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[0011]

<chemistry num="1"><img file="2005321366.tif" he="8" id="000003" img-content="drawing"
img-format="tif" wi="149"/></chemistry> Here, <sup>1 2 </sup>C<sup>>*</sup>and
<sup> 8 </sup>Be<sup>>*</sup> are excited nuclei in the intermediate reaction state, and

20.90 MeV is the reaction generation energy, where MeV is one million electron volts.

<chemistry num="1"><img file="2005321366.tif" he="8" id="000003" img-content="drawing"
img-format="tif" wi="149"/></chemistry> C C{C<sup>1 2 </sup>C<sup>>k</sup>¥ <sup>8<

/sup>B e <sup>*</sup>lERIGFREIREDMEEZT20. 90Me VIIR/REEIRILEF—TH

D, BfiiMe VIZF100/HEFRIL+TH 3,

[0012]
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In this case, all the generated energy is released in the form of the kinetic energy of the

generated atoms <sup> 4 </sup>He or alpha rays.

CDHBEDRETIRIF—IFE TEREF<sup>4</sup>H e XIFUFDEEN T RI)LF—DF.THK

HEINDo

In this reaction, when the NER8 Li ion energy is 40 keV (kiloelectron volts), the Coulomb
barrier penetration factor is small at 4.3 X 10 NER9, and the reaction probability is so small

thatitis impossible to observe using conventional methods.

CORIGTIE. <sup>6</sup>L i 17 VIRILF—H40keV (FOEBFHRILEL) DFE.
J—OVEBEDEERTFIZ4. 3 X1 0<sup>-4 8</sup>/h\& < BEDERAFERTIERAIEER

IEEICRIGERIZNS L,

However, in this energy range, the atomic transmutation reaction shown in formula 2 occurs

incidentally to the nuclear fusion reaction shown in formula 1.

20-08-2026 - Page 13



LHL. COTRILF—BETIIM I RNOKBMERIGICUTICR T 2 XDRFERRIGHTHER

ICRET B,

[0014]

Therefore, in the nuclear fusion reaction of molten metallic lithium, the reaction enhancer is
enormous due to the thermodynamic force determined by the Gibbs energy change AGr =

-4.7 eV in the atomic transmutation reaction of equation 2 and the liquid target temperature T.

CofcHBEmER") FULOKMEIL 1 XTI 2 LDEFERRIGICEITZG i bbsTxIL

FT—ZLAGr-4. 7 eV URMEWEE T TREDBNFENNICEK BERRMMED RIGEERF

[0016]
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This is what is expected.

HERF TN B

Here, k<sub>B </sub> is the Boltzmann constant, and the Gibbs energy change AGrin the
second atomic transmutation reaction is derived from the bond energies Gf of lithium and

carbon, respectively.

CZTk<sub>B</sub>dBo Lt zmannEHTHO. EFEBRBE2RICEITS

GibbsHILF—FEAGriFVFIVLERRENEND/EESIRILF—G FH5

[0018]

Itis calculated by [this method].
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For example, at an absolute temperature T =460 K (Kelvin), the value of the enhancement

factor equation 3 reaches 10 NER12 at k<sub>B</sub>T = 0.040 eV.

BIZIZHITHBEET=46 0K (UILEY) Tlx k<sub>B</sub>T=0. 04 0 eV TEERF

{E3RXDMEIX L O<sup>5 1</sup>ITiET B,

Therefore, nuclear fusion reaction 1 is generated at a large rate that cancels out the

aforementioned penetration factor through atomic transmutation reaction 2.

ZDI-OZMERINME 1 NIFRFEBRRIGE 2 2B L TRIECOBBRAF 2RI H5ARTRL—F

TRET %

Furthermore, considering the possibility that the carbon atom in the intermediate atom of
the atomic transmutation reaction equation 2 may bond with lithium with an energy of
approximately 2.0 eV, the value of the Gibbs energy change equation 4 becomes -6.7 eV, and

the enhancement factor can also be 10<sup>7 2 </sup>.
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ARl ZzZRIBLEG i bbsRILF—EL4ADEIF-6. 7Te VRO, EERFIZ

1 0<sup>7 2</sup>ICH b3,

[0019]

The fact that the aforementioned thermodynamic forces also govern nuclear fusion reactions
has been discussed in the aforementioned prior application (Japanese Patent Application
Publication No. 2008-270372), and the resulting effect of increasing the nuclear fusion

reaction rate has already been experimentally confirmed and disclosed in Non-Patent

Document 1.

CD& S ICHIRRANFNNID R ERIGZ DZE T 5 C L ISRNROLREFEA (FH

2008-270372) THEmcNh., TNICLEIKBMERIGL — MEERNRHELICRERAYICHER

SNTHEDH. EERIFFFNE LICARIN TV S,

For example, deuterium ion implantation at 10 keV (kiloelectron volts) and 20 keV at the
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melting point of metallic lithium has been observed to increase the fusion reaction rate by

approximately 10'* times and 10" times, respectively.

BzIE. EBVFVLOBRICHITE210keV (FOFEFRILE) RU20ke VOEKKTA
VEAT. ENEN1 0<sup>1 4</sup>fEF. 1 0<sup>1l 2</sup>BRREOKMEREL —

DIFENFRA TN TV S,

[0020]

If <sup>7 </sup=>Li is present in the accelerating ions and liquid target, along with the fusion

reaction equation 1,

MEA 7 > & K RIFEMIC<sup>T7 </sup>L i BNEALTW3IHEIE. EEaRIME 1 H

I
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[0022]

Furthermore, a fusion reaction of <chemistry num="6"><img file="2005321366.tif" he="6" id=

000008" img-content="drawing" img-format="tif" wi="160"/></chemistry> occurs.

%5 TS <chemistry num="6"><img file="2005321366.tif" he="6" id="000008" img-content="

drawing" img-format="tif" wi="160"/></chemistry> D& RIGHFHEE T 3,

Here, nis a slow neutron.

CZICnIFMEEFMEFTH B,

[0023]

As described in the aforementioned prior application (Japanese Patent Publication No. 2003-
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270372), slow neutrons released in nuclear fusion are absorbed by neutron absorbers such as
metallic lithium or lithium or boron compounds, so this secondary nuclear reaction also

generates energy.

RS TIHH SN EEPEFIS. FisckiE (2003-270372) THHFTNTWLEX
SICERBUTFVLRIIEVF I LDH S WIROMEEMFOHEFRINMICKRINENZDT, ZD

:;k*g}iﬁﬁ%]:*»:\i—%%ij%)o

These nuclear fusion and secondary nuclear reactions can be immediately stopped by
ceasing lithium-ion injection, 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 fewer restrictions on its use.

INOSDBKRME L ZARRRISIF. VFIOLAFDOFARLETEHEICELETZDT, BFICTRIL
F—REOHHEI AR TH D, FRALAEVE ZIEIRILF—RUBGFROBEL LW FIA

FOSIRHDE RO RVEV IR F—BEIRMET S L HEEETSH 5o

[0024]
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When a small amount of substance X is mixed into a liquid target, and lithium is formed into a
molten alloy, the atomic transmutation associated with nuclear fusion shown in the following
chemical equation 7 occurs, and the Gibbs energy change before and after the reaction is as

shown in the following chemical equation 8.

BIAZENICDEDYBE X ZRBALT. VFULZERERL TSI LICL>TRDIETRICREN
BEMEBICNET 3 RFERDNRET ZHRIERIGAIED G i bb s RILF—FLITRDIL8 T

ICRCNBEELIIC7E B,

[0027]

Between the Gibbs energy changes shown in equations 4 and 8 above, the following equation

9

FERIE4R L 8HISREINEG i bb s RILF—E{LDOEITRDILI
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[0029]

If the relationship holds, the degree of chemical fusion is enhanced as shown in the following
equation 10. However, the intermediate excited nuclei generated in the above atomic
transmutation reaction equation 7 instantly split into helium, so the released X does not

disappear but is alloyed with lithium again.

DEFRHNILYT 25513 (EFRMEDEEENRDILL ONICRI LS ICALETSH. EREF
RIS 7T N TER L 7e PRI IEBRBHIA Y T LICHRTZD T, #EEf L 7= X IFHE TS C

EBRLSBUIIVFILLERILT B,

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

DEDZIOMEX IR LTOMEEEH D LICH D,
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[0031]

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

BEFO—D e LT MEX L TROYDZEZE X S,

Boron does not combine with lithium below 300°C, but dissolves in Li and forms an alloy.

ROVIF3 00°CUTTIRUFULEAETE I EIERL. L iFITAITTERILT S,

In the case of the chemical fusion reaction of alloyed lithium, the Gibbs energy change shown
in equation 8 is approximately 2 eV higher in absolute value than the value shown in equation
4 when alloying with boron is not performed, and the degree of enhancement of the atomic
transmutation reaction shown in equation 7 is more than 10" times greater than the atomic

transmutation reaction shown in equation 2.
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BERILLIEVFILOEERMERIGDIZEDIL8 RN TRENSG i bb sRILF—F{tlFROY
EDEEZE LRVZEDILA4RICREINBEELD 2 e VEEMMEDEML . £5EL7 SRS
N3 EFEBRRICOEEEIIE 2RISR SN B RFERRIGICEENR 1 0<sup>2 0 </sup>f&l Lk

RELR B,

Consequently, the degree of enhancement of chemical fusion reactions also increases

accordingly.

CNCEB B> TEFRRERICDIEBEESR L L SICKEL BB,

[0032]

The lithium chemical fusion energy generator of the present invention basically uses a
reaction vessel similar to that disclosed in Japanese Patent Application Publication No. 2003-
270372, a reflux purification system for fusion materials such as lithium, a helium recovery

system for helium produced by fusion, a cooling system, thermal insulation, and a heat
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exchange system, in addition to radiation shielding materials for neutrons, gamma rays, beta

rays, etc.

AFEDO) FULERREIRILF—RERE IIREAMICIZEFRN2003-2703 7 22%RIC
BREINHDERBORIGABLRSUIC) FULEOKREYMEDERRLY AT L. KEET
T AINIDLDOEYNS X T L. BER. BEM, B A7 LICINZ THEF. 2 TE.

N—ZIRFOBEHRERM Z AV B,

Here, the configuration of the lithium chemical fusion reaction generation method and
lithium chemical fusion energy generation apparatus according to the present invention will

be described based on the main body diagram of the reaction apparatus.

S S TRESEBAGKRICESAREICRS U F U LCEERARSRESERT Y F 7 L2

MEIRILEF—RERZEOWEZHAT 5.

[0033]
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Figure 1 is a schematic diagram of the main body 1 of the reaction apparatus 1 of the lithium
chemical fusion energy generator of the present invention, and is composed of the following
components: a molten metal lithium container 2, a molten lithium ion source 3, molten metal
lithium or its alloy 4, a thermocouple row 5, an ion accelerating electrode 6, an insulating

material 7, a reaction vessel 8, and a high-voltage power supply 9.

LISAFERU FU LMEERRME TR F —REREDORIGEERE 1 OBIEEER TdHh > TAR
ERBUTVLRE2. BRIVFULAFTVIRI. BRER) TV LXIIAEE 4. AEXNYIS. 1

ZAUIMRERE . #FEM 7. RIEES. BEERI DEZBUBRTHEHRIN TS,

However, the structure of the molten metal lithium heating system and thermocouple rows

will be simplified.

ez L. BRER 77U LMEAS X T LPAEXNTFDOIEEIFERT 5,

[0034]
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The molten lithium ion source 3 has a structure that integrates field evaporation type liquid
ion sources. The lithium ions extracted from it are accelerated to a predetermined energy by
the accelerating electrode 6 and injected into the target molten metallic lithium or lithium

alloy 4 without disturbing the atomic state of the lithium.

BRVFILIAVIRIIIBERZRRBEOREKAZ VIEZERLIEEZLTED. TIHH55IEH
SNTEUFILAFISINEEMR 6 TRAED I RILF—IZMEIN. BHNOBHERE) FULXIE

VFOLEE4IC)TFULDRFIREZE T B <FEATNS,

As a result, the thermodynamic force causes most of the injected lithium ions to induce a
nuclear fusion reaction on the surface of the molten metallic lithium, generating helium ions

with an energy release of several MeV.

EDFER. BIESANZHNINCE > TREBADDEAVF IO LA VD ERER) TV LAREBTERME

RiSZZFHEL. BEMe VOBREIRILF—DANVILAF>ZRET B,

The generated energy is extracted through the thermocouple row 5 or the refrigerant used to

cool the reactor.
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RETRILF—IFABNSS H5WVIIREFESHNAREZE L TREINS,

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

utilized by the helium recovery system, and no radioactive waste is generated.

AEATIEIAN T LDRISEBITHSDT. BIEEA) T LB X7 LICK DED 1 L TERF

Y3 TESRAMREMIZELE L,

[0035]

According to the above embodiment, lithium ions can be introduced into target metallic
lithium in a clean vacuum, and the beam intensity, like the acceleration energy, can be freely

controlled by adjusting the applied voltage of the ion source.
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EREEMAICENIE. VFOLAF 220 ) -V BEZEROFENERBYFULICEATEZLHT

F. 1A RONMBEEOFHET L — LBES IET %)L % — L AR EhIcmTE 3,

As a result, for example, the method and apparatus described in Japanese Patent Publication
No. 2003-270372 can provide an optimal amount of energy generation for purposes such as
power generation or district heating, and can offer a safe and stable energy source with fewer

restrictions on its use.

CORER. HIZIFFHH2003-2703 7 25 RWICEEHDFEALEREICE > THEDL B LI
HEEFOENICIH LT, REIXILF—REENESN. MALOFRID L LEIDORER

IXNF—RzRHITEIEHTE 3,

[0036]

A schematic diagram of the main body of the reaction apparatus for the lithium chemical

fusion energy generator of the present invention.
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AHERD) FU LMEFRBME T RILF —HERBE D RIGEEAFDOEEEIEER,

Explanation of the symbols

SELOET

[0037]

1. Reactor body of the lithium chemical fusion energy generator 2. Molten lithium metal
container 3. Molten lithium ion source 4. Molten lithium metal or alloy thereof 5.
Thermocouple row 6. lon accelerating electrode 7. Insulating material 8. Reactor 9. High-

voltage power supply

1 UFILMERRMEIXRIF —REREORICEERE 2 ARERE ) TV LRSS 3 ARUTF

VLAF VIR 4 BRERYFULXIIEES 5 BN 6 1A VIEREE 7 ikt 8 RIGHE

i}

O REER
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