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Nuclear fusion reactor using fusion chain reaction
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[0001]

This invention relates to a fundamental principle and method for inducing an energy
amplification fusion reaction or a fusion chain reaction in a liquid lithium alloy containing
metallic beryllium, boron, magnesium, or calcium as a fusion fuel, and to a fusion reactor

based on this fundamental principle.

AERIF. BKRAESMEE LTOEBANY VDT L ROYEWIRIT R T L. ALY LZREALK
BAEVFOLEEHR T, IRILF—EBERERICX ISHEEERLZFE T IEFRREBEFES X

UZEARBICEA D ERMERICEEICEATSHDTH S,

[0002]

20-08-2026 - Page 2



From the past to the present, a high-density ion-electron plasma sufficient for practical use in
nuclear fusion reactions has yet to be realized. For these reasons, the applicant has disclosed
a series of inventions, such as "a method for generating molecular chemical fusion reactions
and a molecular chemical fusion energy generator." In this prior invention, it is possible to
achieve the aforementioned high-density ion-electron plasma for practical nuclear fusion

using existing means.

Wk 5 SHBETHMERIGCDRBICTDBRESEBEEDAA Y « BEF TS AVRELERBELTLAR
Wo TD&IBRIENS. AHEAIZ. —EORRA. FIZIE D FLEERMERICREERVS
FERERMEIRIILF—RERE] 2L, COXBEEBETIE. BIFEOFRICE->T. A

BKREZXRI B OREBEEANTY « EF TS AVDERNFIETH B,

[0003]

The lifespan of contracted fusion atoms formed by atomic fusion through atomic collisions
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with energies below 25 keV (kiloelectron volts) per nucleon is significantly extended by the

cohesive forces in liquid metallic lithium.

BFHT1=D 25keV (FOBFRILE) OIXILF—UATORFERICLBZEFRETERIND

iE LTcRMERFIE. REZEB Y 7O LFOREENICK > THEMHDKIBICEL B,

As a result, the reaction rate of nuclear fusion of the high-density pairs of atomic nuclei
confined within the fusion atom is astronomically increased, inducing nuclear fusion linked to
atomic fusion, i.e., chemical nuclear fusion reactions (or simply fusion reactions). In fact, it has
been observed that in ion irradiation devices that generate such atomic collisions, deuterium
molecular ions irradiated onto liquid metallic lithium generate nuclear fusion reaction
energies that far exceed the acceleration energy. The principles and observational results
have been published in international journals issued by the Japan Society of Applied Physics
and the Physical Society of Japan, in the proceedings of the Uppsala University, and in the
collection of papers on high-density nuclear fusion published by the Swedish Energy Agency.
Furthermore, there are also abstracts of lectures given at the Royal Swedish Academy of

Sciences and the Royal Swedish Academy of Technology and Science.
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I
I
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HB3o

[0004]

However, with this method and apparatus, the nuclear reaction rate by slow ions is
significantly affected by the physicochemical state of the irradiated metal surface, making
steady-state and stable energy generation extremely difficult. Therefore, a more detailed

study of the reaction mechanism is necessary for practical application.
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[0005]

ER HBESW02006,7046680

EF RAESW02006.°046680

[0006]

MERBE TREESEVFUVLPORERME] ER2006. 42XUx—7> IX)ILF¥—

r2006, EX5ThR2007
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r2006, eX&ThR2007

[0007]

In the aforementioned fusion reaction, the arrangement of orbital electrons constituting the
atoms changes in accordance with the nuclear collisions in liquid metallic lithium. As a result,
nuclear collisions occur in conjunction with atomic collisions through atomic fusion, and the
nuclear fusion of nuclear pairs within the fused atoms is enhanced by the thermodynamic

enhancement effect unique to spontaneous solution chemical reactions in atomic fusion.

RIECAIERICTIE. BRAEER U 77U LAFDORFERERICELE TRFZHENT 2EBFDETIH
EHBILICED RFHERVPRFEROEFH L TRFREZEL TREL. RFREICEITS
BRMEARCFERICEE ORIFZIEEMRICE > TRIERFADRFZEADOKMEHIEEL TV

TC@T%%O
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[0008]

For nuclear fusion to occur in conjunction with atomic fusion, a condition is that the collision
time between the irradiated ions and the atoms is not too short compared to the orbital
period of the atoms' electrons. In other words, the ion velocity was considered to be about the
same as the Bohr velocity, which is expressed as 1/137 times the speed of light ¢, and this

presented a unique challenge inherent to the aforementioned low-speed ion irradiation.

COEOREFRE CEH LIRS ORLEICIE. B 42 CRFEOERRREIZ. RFOHE
EFOIEEIFMICEANT. HEDTLBVEDIRHFERO>TWVS, DED A VEEIERCD

1/I3METREINZR—T7HE LRRRE L SNAIRERT 7 U RFEEOHELE L TU,

[0009]
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<Expansion of Effective lon Energy> Generally, the effective reaction cross-section of a
chemical fusion of an ion with mass number A and relative kinetic energy E is given by the

following equation 1.

<EEA AV IRILE—DIA> —MRICERBHA. AEHEHTRILE— ED1 1> OLSREE

DR RICHEEIZ. TELOB1L THIEZ 5N B,

However, K is a reaction equilibrium constant specific to the chemical process of atomic
fusion, representing the degree of chemical fusion enhancement, and can be calculated from
thermodynamic data as described later. The degree of coordination between atomic fusion
and nuclear fusion, F(E), is given by equation 2 using the ion energy EB = 0.025 AMeV (million
electron volts) of the Bohr velocity. The fusion cross-section of the two bodies can be
calculated using the spectroscopy factor S and the Gamow energy EG, as shown in equation 3

below.

BLKIERFRAOLFBRFEORGTHEET, LERMADEEEEH5bL. #7534
SICHAFNT 2D SHMTZ I ENTES. FFHME LKMA OESE F(E) &K —T7EED

14V ITXILF—EB=0.025AMeV (S UFVEFRILE) ZAVWTH2THIZ5ND. ZKD
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EREHERIE. AR MOXAE—RFAFSEAET - IXRILF—EGZAHWT. TN TK

HHEND,

[0013]

Conventional theories and experiments in chemical fusion were limited to ion energies in the
nuclear stopping power region, where the degree of interaction between the two equations is

closeto 1, i.e., low-energy ions close to the Bohr velocity.

ERDIEERKREDIRR E RERIZ. M2 OEEED 1 ISEVELEREREIS DM+ > T RILE¥—D

FOR—TREISGEWMERA F VICRESNTUL S,

However, in recent years, the generation of superheavy fusion atoms has been observed in
ion collisions with energies far higher than EB, suggesting that the upper limit of ion velocities
at which chemical fusion can occur through the coordinated action of nuclear and atomic

collisions is considerably higher than the Bohr velocity.
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LA LABDSHEE. EBEDENMNIEVIRILF—DOA1F VERTEBERSRFERNRAINT
B, EFRERCEFEROENICL ZIEFRRMERED AR I VERED LRIE. R—7 =&

BELDODEDEVWEZTEL TV,

[0014]

Considering equation 1, we can see that the effective reaction cross-section of chemical

fusion is maximized when the ion energy is the optimal value Eopt in equation 4.

H1=zELIT 3. LFRRMEORMRCHERIZ. 14V IXRILF -1 4 DRBEEE optd

K. RAEHD B,

The comparison between this maximum value and the value in the nuclear stopping power

region energy is given by equation 5.

CDRAECZIFALEREBEE T RILF—TOELDLLEIF. 5 THIcX 5N 3,
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Generally, since EG is larger than EB, in equation 5, the effective reaction cross-section of

chemical fusion by a medium-rate ion with E around Eopt is far larger.

—MRICEGIFEBL D KT We 5 Tld. ENEoptEEEDHIRA F VIZ & 2LFKEE DEMRIG

BrEEHEMIC AT L,

[0017]

As an example, we will investigate a reaction in a liquid lithium alloy in which a beryllium
nucleus and a helium ion (alpha particle) undergo a reaction represented by number 6, which

generates a neutron n and an energy of 5.78 MeV via a fused quasi-carbon atom.

—BE LT BEVFULEEFTRNVY DLARFREANVDLAZTY (LT 7HF) B\ BE

LIcERRRFREAT, PEFn EIRILF—5.78MeVZRET 36 TRIHRENBIRILZ T 515

A%EAND,
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In this case, EG =17.58 MeV, EB =0.10 MeV, and Eopt = 1.33 MeV, and the comparison result is

given by equation 7.

C DIZHEG=17.58MeV. EB=0.10MeV. Eopt=1.33MeVTLLERDFERIIER T THI-Z BN B,

The equilibrium constant for the fusion quasi-carbon formation process in reaction 6is K=
10NER', and since chemical fusion is induced at this level of enhancement, theoretical
considerations of the reaction probability, taking into account energy loss during ion
movement, conclude that high-speed alpha particles with energies of several MeV are slowed
down by the scattering process in the liquid lithium alloy, and most of them undergo nuclear

fusion near the Eopt energy.

H6 DRISICHE T H5MEERRFEFIABIZOTFEELIL. K=10<sup>39</sup>THD. 1LFK%
MEld. COBEETHERINEDS. IXILF—DEMeVORETIL T 7HFIFKIE) FULE
EHOHEBIZE THIZELEoptD TRILF—AFETHREDKME T BFDL. 14 VETROIXIL

F—HERZZERLICRDERDERNERD SiEHR SN,
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[0020]

The chemical fusion that is induced with a probability close to 100%, as explained in the
previous section, has the potential to lead to a chain reaction. For example, the neutrons
generated in reaction 6 slow down in the liquid lithium alloy, becoming thermal neutrons and
causing the reaction shown in 8 below. The medium-velocity alpha particles generated here
trigger a chemical fusion reaction of type 6. Furthermore, the simultaneously generated
tritium ions (tritons) t multiply neutrons and alpha particles through the reactions described

in numbers 9, 10, and 11 below.

RIBTEHAL 1 0 0 %ISEVER THRE T 2 bERAMEIE. EERICOAHN SN D
%o BIZIZERE6 DRIGTHEELLFEFIZ. REVFILEERTREL THPEFILLTED
HBDORIGZRET D, CCTRELEHPRETILT 7HRIFIIH6 DILERRMERICZFEHKT 5.
XEREED=FKZEAF> (b F2) tIITEOH9, 10XV 1DRIGICE>THMEFE

TILT FRIFZIEIET Bo

[0025]
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As can be seen from the reactions in equations 8, 9, and 10, metallic lithium has the function

of a fusion fuel in addition to being a solvent and neutron moderator.

H8. IRV 10DRIGHSIBEEIND L DI, R FULITBES KURMEFREMICIMZ T

REE AR DEEES R > TV 3,

Generally, light nuclear reactions do not produce radioactive waste, so lithium, the metal
with the lowest specific gravity, can also be used as a primary coolant with excellent thermal

properties.

—MRICERDOZRIGTIE. BAEREMHELLZVOT, LENR/NOERBTH B FULIZ. B

NI —RBEME LTRERATS B TE %,

In other words, metallic lithium has four functions: solvent, fuel, neutron moderator, and
primary coolant for liquid fuels, which significantly simplifies and lightens the structure of

fusion reactors that use energy amplification fusion reactions or fusion chain reactions.
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DEOERYIFULIE BRIEREOBE. ME. FEFREM. XRS50 4 #EeZHD
DT, TRILF—EERERIGX ITHEEHRICE 2EHMEFOBEZE L < Bilfb. BELT

Do

[0026]

Although metallic beryllium is sparingly soluble in liquid lithium, its insertion as a powder or
neutron reflector allows it to disperse and mix into the liquid lithium alloy via dissolved

boron, inducing reactions 6 and 11 in the form of chemical fusion.

ERANVVYLISRIE)FILICHBTHSH . MRISFEFREME L TOBRATHRE)FU
LEEPRISTBT VWSROV ZHENE LTHEEAL T, (ELERMEDOTTH6 KU 1 1 DRIGE

HHT B

The unique characteristic of boron as a fuel lies in the fact that the following 12 reactions

occur at four times the reaction area of 8, i.e., a reaction cross-section of 3840 b (burn).
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ROYOMKE LTOREIF. TEREOH1L 2DORBZHEDRIGD 4EDFD3840b(/N—

V) ORISHEBTRET S RICH D,

Furthermore, boron also increases neutron production through Triton absorption.

ESICARAVIE Y b YRIRTHEFOIBIES T B,

[0028]

The 7Liions generated in the reaction of equation 12 have a recoil energy of 0.84 MeV and,
similar to the reaction in equation 6, induce the quasi-carbon synthesis chemical fusion
reactions of equations 13 and 14 below with an enormous enhancement degree K~ 10 NER2,

thereby multiplying neutrons and alpha particles.

#R 1 2 DR THE LT 7 Liv1 4 130.84MeVO RBE T #IL £ — %58 6 DRIS L FHIC TR
D1 3RV 1 4 DERFEMDILFERLBMERICZE RAGIEEREK~10<sup>47</sup>THFH L T
FHREFETILT FRIFZIEIEYS B,
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[0031]

Chemical fusion reactions occur through the fusion of atomic nuclei pairs that are confined at

high density within a fusion atom, making them fundamentally different from hydrogen-

hydrogen plasma fusion.

EFERMERSITHRERFRNICEEETHC COONREFRNOMEZE L TRETSDT, K

RRAEDTZAIGHME L IZE<EETH S,

Rather, it shares many similarities with high-density nuclear fusion in the evolutionary

process of stars, as discussed in the aforementioned series of chemical fusion reports.

ETTIN
ke

CL2EZDEMERICE T Z2ERME L DBEURDZ <. FIRD—EDLFRZMEIRE Tk

nTWLs,
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Nuclear fusion reactions 6, 8-14 all occur in the high-density core of giant stars or in white

dwarfs undergoing the supernova process.

#H6. 8~14DMERIGIF. WITNDHEEDSEED S WIIEBHEBIEOREBRETHEE

LTWBHDTH B,

[0032]

The near-100% probability of quasicarbon-mediated chemical fusion in beryllium and
lithium, as described in sections 0017 and 0028, suggests that similar reactions occur in

magnesium and calcium through the formation of fused quasi-silicon and quasi-titanium

atoms.

AIEOO0 1 7RU0028THALIEANVIILBSKICUFILDLOO0%AVERTHERIN
ZERZERTFREADEZAMSIE. FARORIGHHUEEERRFELIVEF X VEFEAZEL
T NTXRVTLELUVAILDTLIZODWTRETSEZTERL TV,
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In fact, since the reactions in equations 15 and 16 below produce neutrons with an
enhancement degree K ~ 10 NER3, magnesium can play the same role as beryllium in

equation 6.

EXTROH L 5KRVU1 6 DRIGH. EEEK~10<sup>34</sup>THEFELERTZDTHOE6 D

NS LECEEE Y 2SS ADRI-T Z EHARETH B,

Furthermore, reactions 17, 18, and 19 occur with an enhancement level of K ~ 10<sup>12<

/sup>.

THICH1T. 18, 19DKIGH. K~10<sup>12</sup>DIBEETHET %,

Aluminum also undergoes a weak Triton absorption reaction.

TILZZULBBEVWEHLS MU MURINDORIGZ S %o

Similarly, with calcium, reactions 20 and 21 occur at K~10<sup>32</sup> to produce

neutrons.
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AL T LIZDOVWTHERICEH 2 O RV 2 1 DRIGH. K~10<sup>32</sup>THEEL THYF%=

E}ﬁj%o

Furthermore, reactions 22, 23, 24, and 25 generate neutrons or alpha particles with an

enhancement level K ~ 10<sup>14</sup>.

EHICE22. 230 24. 2 5DRBHIBEEK~10<sup>14</sup>THMFXIFTIL T 7 HIF

ZHRET D

The same appliesto<sup>4 2, 43, 46, 4 8</sup>Ca.

<sup>42, 43, 46, 48</sup>CallD2VWTHEKRTH 3,

[0044]
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In addition to the neutron, triton, and alpha particle production reactions mentioned above,

it goes without saying that reactions producing protons, deuterons, and helium-3 also occur.

AECDFMEF. b bVRIF. TILT FRIFERRRICMZ T BF. ERF. ANUVDUL-3ER

DODRIGHRETBZLIFESETHAEL,

Reaction number 26 occurs with an enhancement level K~ 10 NER 8, and reactions number

27 and 28 occur with an enhancement level K~ 10 NER 9, generating protons.

ERH2 6 DREHIBEEK~10<sup>24</sup>THREL. K2 7. 2 SOREHIBERE

K~10<sup>31</sup>TEEL THEFZERT %,

A similar reaction occurs with aluminum.

FILZZOLICDOVWTHERORIGEH B S
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[0048]

If a neutron source is inserted into a liquid lithium alloy containing metallic beryllium or the
like, or if charged particles are injected, as is clear from the above reaction, neutrons, tritons,
alpha particles, etc. will proliferate, and an energy amplification fusion reaction or fusion
chain reaction will occur. However, unlike nuclear fission chain reactions, it has a self-

protective mechanism.

ERBANV VI LEFEZREALLREY FULEEZPRICHEFRZHBANISETENF2ITEIADHIE. FHi
ERDORIGHSEASHBRESICHEF. MU b2 PZIILT 7HFFNMEIEL TIRILF—EEMER

X IR EEERIGCHREET 50 RORBHRICC ISR D BEHEERD ® %,

[0049]

Generally, the effective reaction cross-section of a chemical fusion reaction is determined

using the reaction enhancement level, or the fusion atom formation equilibrium constant K,
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as shown in Equation 1. However, the enhancement level has a sharp temperature T

dependence, as shown in Equation 29, and decreases drastically with increasing temperature.

— IR ERICOBMRICEHEEIX. RIMEEED XDMERFEMTFEEHRKZRALTH

L1IDESITRESINSD, BEEICIE. B2 9ICRTELIOICHWVEE THREMELHD. BELF
THERY %o
Here, k is the Boltzmann constant, and the numerator in the exponential function is the

decrease in Gibbs energy (also called chemical potential) specific to the chemical process of

fusion atom formation, which can be obtained from a physicochemical data table.

CCTKIIRILYRVERTHD . 15BEBOFODFISRERFEROILFBEICEEDF TR

DIXILF— (BFRTUIVILEDEDS) DBMETH > TYIEBILFET —FRHSKOHB N

TZE %o

[0051]
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As a specific example, in the reaction shown in equation 6, the Gibbs energy decrease for the

fusion quasi-carbon atom formation reaction is 3.98 electron volts.

BBl LTH6 DRIGDHE. BMEERZRFEMAREDF TADITRILF —DEIMEIF3.98F

FRILETH B,

Therefore, at a temperature of 460K, which is only slightly higher than the melting point of
metallic lithium, the reaction is greatly enhanced, with K=4 X 10 NER'. However, when the
liquid lithium alloy is heated to 800K, the reaction is drastically reduced to K=2 X 10 NER'',

and the reaction is suppressed.

ROTEBVFIVLOBALDENT L4 6 0 KDBRETIEK=4X10<sup>43</sup>¥ & AA1EE
ETH3H. REVFILEEN800KEFTHET S L. K=2X10<sup>23</sup>IZBUR L k&

eI ey g

Furthermore, if boron carbide or lithium-6 encapsulated tubes are inserted into the liquid

lithium alloy to absorb neutrons, the reaction will stop immediately.
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EHICHREVFUOLEERICRAYA—NA ERUFIL-6 HAEZHRAL THEFZRINTN

iF RISIEEIZHZLET B

[0052]

In energy amplification fusion reactions or fusion chain reactions, in addition to generating

nuclear reaction energy, neutrons and various charged particles are also generated.

T F—BERMERIGX ISMEEHERISTIE. RRIGTRILF—HEICMZPEFRUVESEDRE

BHFHET %

Furthermore, by inserting a suitable radiation source into a liquid lithium alloy with a high

neutron density, gamma ray generation is also possible.

ST EEOBRE FU AASPICES SRIE < MEE AT, HYTRRED AL

TH 5o
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In other words, a fusion reactor utilizing the aforementioned reaction functions as a source of

energy, neutrons, and gamma rays.

TROEEIEDORIGZFALIEREFIE. TRILF— PEF. AOIVBREERE L TOHKEE

B2

[0053]

Figure 1 is a diagram illustrating the schematic configuration of the fusion reactor body used

in all embodiments of the present invention.

1IFAFHADOEEH DL TICHTc > TEA SN SR EFAEOBIBRIEN ZRAT 5 7cHDHT

HBo

Figure 2 is a diagram illustrating the schematic configuration of the nuclear fusion reactor of

the present invention.
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2 [IXFEBAOKMERIGEEDBIRRIBN ZHBAT 57O DR TH %,

(Example 1)

(SRhEf) 1)

Figure 3 is a diagram illustrating the schematic configuration of the nuclear fusion reactor of

the present invention.

3 IFAHPADERMERICEEDIRIBNR Z AT 57O DR TH 5o

(Example 2)

(SR 2)

Figure 4 is a diagram illustrating the schematic configuration of the nuclear fusion reactor of

the present invention.
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4 |IAHADOERMERIGEEDHIRIBNR Z AT 57O DR TH 3,

(Example 3)

(SRR 3)

[0054]

In contrast to the more complex and diverse principles of chemical fusion reactions
compared to nuclear fission reactions, the structure of the fusion reactor of the present

invention is extremely simple, as shown in Figure 1.

LERRE RGOFRED . RORRISICERNTEMD OSHTHZDICKR L TERER KBS DR

BIIH1IDKLSICE>TEHEMTH S,

20-08-2026 - Page 29



This is because metallic lithium, the main component of the liquid lithium alloy in the reactor

core, has four functions: fuel, solvent, neutron moderator, and coolant.

FODBRE) FILEEDERTHZER) TV LR BE. FIEFREME KV SHMD 4

%ﬁ%%%ofh‘%b‘Bfﬁéo

The reactor 01 consists of a core 02 made of liquid lithium alloy, a circulating electromagnetic

pump 03, aninlet 04, an outlet 05, a reactor startup/control device 06, a reflector 07, and a

shield 08.

FO Lk, BEVFULEENSRZF00 2. BREAR>T03. RAOO0 4. HEHOO0 5.

FOES), FIEHEEO 6. REFAFE0 7. >—ILR0 8L LEHINTULS,

[0055]

In this embodiment of the fusion reactor 01, the liquid lithium alloy that forms the core 02 has
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the four functions described above. When the reactor startup/control device 06 performs a
startup operation by inserting a neutron source or implanting accelerated charged particles,
the energy amplification fusion reaction or fusion chain reaction begins, generating fusion

reaction energy along with the generation of neutrons and various charged particles.

COEXSICHEBEETNIRAMEF 0 1 ORBREREICEWVWTIE. FDO0 2DEFRTHEKE)FULE
&N\ B AMBEZ IS, FOEE) FIHEREO 6 ICHMEFFEBA X IFMEFTEN FITAHAICK
SEIMRENTNB &, AR IRILF —BEMERICISBMEEHR LI R E D PEFRUOZED

BN FDORECHICEKBMEREIRILE—DRET 3,

In this case, no reaction products that would become radioactive waste are produced, so the
heated liquid lithium alloy is discharged from the outlet 05 as a coolant, and the cooled liquid
lithium alloy is sent to the reactor core 02 from the circulating electromagnetic pump 03 and

inlet 04.

CDIFE. BHMERERME LS LS BRISERMIFELBVD T, BALLKRE) FULEEI.
A LTHHEOO0 55D HEN. BRATKRE) FULEENMBRERR >0 3. RAO

0 4D 5IF0 2ICEDIAEN S,
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[0056]

While enrichment operations to alter the natural abundance ratio of lithium-7 and lithium-6
are not essential for the lithium in liquid lithium alloys, enrichment operations are certainly

useful for improving neutron moderation and absorption efficiency.

BIEVFOLEED)FILIF. VFIL-TE)FUL-6DEAFELZEZ D -HDEHERR

RIZREIRTIZH WD PREFEES & PRIRDR)RD 7= DRMERIEIZNHERTH %,

It goes without saying that the neutron reflector 07 can be made lighter compared to a

conventional reactor.

PHEFORFEO 7HBEDRFIFICLERTEEMHEINDHIFESXTHEL,

The startup/control device 06 for the fusion reactor 01 can be a smaller and simpler version of
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the neutron source or boron-carbide rod insertion structure used for starting a conventional

nuclear reactor.

RS0 1 DiEE) /HIHEKE 0 6 ITBE DRFIFOEFAFEFRY RO « h—/N\1 MMEDHE

ABEZ/NEBRIELIZDHDTEL L,

[0057]

Figure 2 is a schematic diagram illustrating Embodiment 1 of a nuclear fusion reactor, in

which the nuclear fusion reactor is the main body.

213, BIECMEFZ AR T 3MERIGEEDEA 1 Z5HT 57O DB TH %,

The nuclear fusion reactor of the present invention generally consists of a chemical fusion

reactor comprising a core 1 mainly composed of a liquid lithium alloy 2 and a heat exchanger

5 used as a heat conversion means.
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AFEBAOKMERIGEEIZ. BB, BEVFULEE2ZEARLETBF0 LI 5B BZIEFRMEINR

CARBFRICHEA T AR S EHSBHTNTL S,

In the reactor core 1, liquid lithium alloy 2 induces a chemical fusion reaction.

FOLICEVWTRIAY FULEE 2 MEERAMERISEFHET o

In this chemical fusion reaction, liquid lithium alloy 2 is used as a coolant to generate heat.

CONMERKMERIGTEE T Z2ROSEIME LT, CCTRREVFILEE2ZAVTWVS,

[0058]

The heated liquid lithium alloy 2 is sent from the furnace vessel 3 to the heat exchanger

(steam generator) 5 by the circulating electromagnetic pump 4.
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RALICRIE)FUOLEER 2L, FREINSBREWN Y T 4(1CL > TS GRRALERS)

5% 5N 5%,

In the heat exchanger 5, the liquid lithium alloy 2 exchanges heat with the water/steam
flowing through the heat transfer tubes 6, and transmits the thermal energy generated in the

reactor core 1 to a water/steam system for heat utilization, such as a turbine generator 7.

AR5 ICBEVWT. RIFVFULEE2(E. BRAE6RZRNB K BRI EAMEZITV. Fib
1 TRELEBAIRIILF—ZBFBAFRAIZIEI—EVRER T ZEDTLOHDK/ EAIJIRICIEE

ERCE

In this embodiment 1 of the fusion reactor configuration, the liquid lithium alloy 2 is
consumed in the reactor core 1 as fusion fuel, and also functions as a coolant in a system that
transfers the heat generated in the reactor core to the water/steam system 8 via a heat

exchanger.
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CDESICHBETNIRRERIGEEDREMA 1 TIE. RIK)FULEE 2D EREMEE LTF
D1THEINS CHIC, FOTRELIRZK BIJRBICAIRGBZN L TRET DS AT L

ICEWT, BEMe L TOMeEx R IZh B,

[0059]

According to the above-described embodiment 1, since the fuel for the chemical fusion
reaction can be supplied by the liquid lithium alloy 2, which also serves as a coolant, special

fusion fuel supply equipment is not required.

W ERAN RIS L ICENUE. (EERRERLORE 2 A THHZBREVFILEE2ICK2

THIETE SO, [ ORMEMHEIRDORBISFEL B S,

Furthermore, because a liquid lithium alloy 2, primarily composed of lithium metal which is
the lightest metal and has excellent thermal properties, is used as the coolant, it is possible to

make the heat exchanger more compact compared to when helium is used as the coolant.
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TR LTREESE THANREICBNS U FULERZER L LIREKVFULEER 2%
FRTZ7H. ANV LZREMETE5EICHANRRREBZ A NT MITBEIEHAIGRTH

Do

Furthermore, compared to the case where water is used as a coolant, water requires high
pressure to reach the desired high temperature, whereas in Example 1, liquid lithium alloy 2 is
used as the coolant. Therefore, there is no need to raise the temperature and pressure of the

device, and it becomes possible to make the structure thinner and lighter.

OIS, Ke/miME T2 LLRT 3651 KTIIFAEDERICT BTCOREICT ZHEN
HBHDICK LT, EWEP L TIEREVFILEE2ZA M LTVWS TS, BREDEASELD

BEISG < BEYOEFRAEELZRS Z ENAIEC B S,

[0060]

Figure 3 is a schematic diagram of Embodiment 2 of the present invention, in which a liquid
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lithium alloy supply facility 10 is provided within the system of liquid lithium alloy 2 that

induces a chemical fusion reaction as it passes through the reactor core 1.

313, AEBEDOREMEG 2 DBIERBAR TH > T Fb 1 Z@BFIEERMERICZHAHET DK

KUFOLEE2DRBAIC. RIEVF U LEEZMRERIRL 0 Z&RITTWLWS,

This device supplies additional liquid lithium alloy 2, which is used as a coolant during
nuclear fusion, as it is consumed as chemical fusion fuel material, in order to continue

operation.

CNiE. BERBICE > T AEME L TVWBRIE) FULEEZ 2 MMEERRMEMEE L L THEE

EINBDOTEGMBDDIC, RIEVFULEEZENMBIETIRETH B,

The decrease in liquid lithium alloy can be detected by the drop in the free liquid level 11 of
the liquid lithium alloy in the furnace vessel 3 or the free liquid level 12 in the heat exchanger

5, and this liquid level fluctuation is measured by a liquid level gauge 13 or 14.
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BIE)FIOLEEDRIE. FRBIDOHFAFVFILELOBEHRRKE L 1L LERIHEE 5 OAH
THHERAL2ODETICEKDIBETZ A TEFIZOT. CORMNESIIHRESTL 3XIZL 412

Lo TEHAIT N B,

[0061]

This configuration allows for monitoring the consumption of liquid lithium alloy by chemical
fusion reactions and, if necessary, supplying refined liquid lithium alloy from the supply

facility 10.

CDEIBBAICE D (EERRMERIGICE BRIEVTFULEEDHEZILET 5 CHIC. BEIC

L. R LICRIEY Fo LAREMGRIEL 01 SBT3 L AEIRTS 3.

Furthermore, a separation device 15 connected to this equipment can be used to separate

and extract fusion products such as carbon and silicon accumulated in the liquid lithium alloy.
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BIC. CORMBEBLIEDBMEELSICK>TRIEVFUVLERICBERLIZRMESERIITH S

H—RRI)AFE2RRLTRODETIEHTE S,

According to the above-described embodiment 2, a liquid lithium alloy that serves four
functions—fuel for a nuclear fusion reactor, solvent for the fuel material, coolant, and neutron
moderator—can be continuously supplied in the required amount, enabling continuous

operation of the device.

LU ERAN RIS 2 IC KNI ZREIF O BB OBRE. SEM. PEREFREMD 4 HEE
ZROTVWBRRIE)FUOLGEEZ. BF. KEEMREIT SN TEREDESBE ZAREICT

Bo

[0062]

As already shown in Figures 2 and 3, Example 2 uses two systems, a liquid lithium alloy 2 and

a water/steam system 8, to drive a turbine generator 7 with steam generated by the heat
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produced by chemical fusion, and together with the attached condenser 16, constitutes a

heat transport system.

EH 2 1% BEICK 2. R3ICEWVWTHRLTWBRELSIC, BRIEVFOLEE2 LK EKHR8D
2DODHRMBICE > T IELERREDREERICK > TERLIEEZKTY—EVHESEET#EDL. #

BOEKEEL 6 EHICREXRZIBR T 5D TH B

The heat exchanger 5 between the liquid lithium alloy system 2 and the water/steam system

8 uses, for example, a shell-and-cyub type heat exchanger.

BIEDFIOLEE2DREK/EKIFR 8 DEDEALZMREES ZFZIE. P TIL&F UV ITHADRAKIR

s FERALTVWS,

This configuration allows the device, including the heat exchanger 5, to be made more

compact.

CDESICHEHT A TS Z28CEBZAVY/NI MITERENTE S,
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[0063]

Figure 4 is a flow sheet of a thermoelectric power generation system for illustrating the
schematic configuration of Embodiment 3 according to the present invention, showing a
primary circulation loop in which a liquid lithium alloy coolant, which is heated by a chemical
fusion reaction from the reactor vessel 3 constituting the nuclear fusion reactor, is guided via
piping 101 to the high-temperature section 103 of a thermoelectric element (thermoelectric
material) 105, heats the high-temperature section 103, and then returns to the reactor vessel 3

via circulating electromagnetic pump 4 through piping 101.

B4 13, AEBICK ZEEG 3 OBISERZHAT S HORBERES R TLOTO—>— T

HoT. KRERINEBZEN T FRBINSIEERMERIGTRALILRE) FULEEDS
NP, BEE1O0 12N L TRAERT BREYE) 1050FE81 0 3ICEHIN. ®EL103
ZMEL 78, BIREW R 74ICEDEEE L0 1Z@EEL TIFERRIICED L RRBRIL—T%

~LTW3S,

[0064]
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Meanwhile, 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

circulating electromagnetic pump 107, and a heat dissipation device 108.

—A. BERF105DEERL 0 4 Z5HRAT 5 2 RRBFRAIIL—THEEL 0 6. BIREM

«L'.
zlo

Y7107, HEEEL O 8ICLDERINTWLD,

Between the high-temperature section 103 and the low-temperature section 104 of the
thermoelectric element 105, the thermoelectric element 105 is in close contact via a thermal
stress relaxation material 102, and electricity is generated by the temperature difference

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

RERFLO05DO=EARL 03 LEEEL 0 4DAEICIE. BAERFLOSHBAULTENMMLO 2%

NLTEEL. ®REEF1L 03 LEEEL 04 LDEEEICL>THRET %o

In other words, it directly converts thermal energy into electrical energy.
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5. X R X —%2BEEETIRILT—ICERT 3,

The generated energy is supplied to the load via cable 109.

BIXILF—IF F—TIL109ICL>TaMmICHIGEIND,

According to Example 3, since thermal energy can be directly converted into electrical energy,
an extremely simple power generation system suitable for a nuclear fusion reactor can be

implemented, providing a nuclear fusion reactor that is economical and highly reliable.

Ehfl 3ICENUE. BRIRIILF—ZEREIIRILF IR TTED T, KESFICES L7
HTHRBHEEBEI AT LDERTE. BHE. EREICEACKMERNEEZRM TS ENT

T Do

[0065]
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According to the present invention, a nuclear fusion reactor can be provided that achieves

the following effects.

AFERBICEINUE. UTFICRTHIRDIFONIBEMERNEEZRE TS EHTE S,

[0066]

(1) By mixing liquid metallic lithium with light metal elements that generate neutrons, tritons,
alpha particles, etc. in a nuclear fusion reaction to form an alloy, and by giving metallic
lithium the functions of a solvent, nuclear fusion fuel, and neutron moderator, an energy-
amplifying fusion reaction or fusion chain reaction activated by the injection of neutrons or
high-speed particles has been realized, an ultra-simplified nuclear fusion reactor has been

realized.

(1) RAZLRBR)FULIC. RRERICTHEF. M b2 VLT 7HFFERETIEERET

ReBALTEZRC L. BV FULITHE. &BEME. PREFREMOEKEZFZE T, Pt
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FRITEERWFDITAATEHNT 2 TRILF—BEREREXIIHMEEERIGZFRIES LIS

&0, BERELIRZRMEFIEERL T

[0067]

(2) Chemical fusion reactions do not require the use of fusion fuel materials that would
otherwise require special development, thus enabling the realization of a remarkably

economical fusion reactor.

(2) LERRMERIGTIZ. FROBEZLHBEL T DL OBKMEMHYBZERLABZVDT, &

L<BAMICEALRKRBERIGEEDRIRT 2,

[0068]
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(3) A heat transport system can be constructed that uses liquid lithium alloy, which is the
fusion fuel, as a coolant at the same time, and a fusion reactor can be provided that is even

more compact than the system that uses helium gas or water as a coolant.

(3) BEESMETHARHE) FoLEE%. BEIIAEIIME L TERT 38X XA T L EE
TE, BEMICANI D LA ARIIKEFERTEIARICLERTEBEDERS IV /N MEA RN S %

MERNEEZRMITZZENTE S,

[0069]

(4) The radiation and light elements produced in chemical fusion are consumed in almost all

secondary fusion reactions, with the exception of carbon and silicon.

(4) EERMETHREY IBHRE S VERBETRIZ. A—RUELTD ) AVHSNMNITREET

D2 XEMERIGTHET NS,
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Furthermore, since it does not generate radioactive waste, it is easy to miniaturize and

decentralize nuclear fusion reactors.

X, BEEREDISERLBZVD T, BRBEERIGEED IV /NT MLEDEBILHBEZ TH %,

[0070]

(5) As the device is significantly simplified, it is possible to improve the power generation
efficiency despite its small size, and to provide a nuclear fusion reactor with high safety in the

event of an accident.

(5) REHABICHRECEINZDT. NDEICIIRENEORALNED ZL. FA—DHEHK

ZITHT 3R OBV BRMARGEBERMT 3T LA TE S,
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[0071]

(6) Because electricity can be generated directly from thermal energy, a power generation
system with an extremely simple structure can be realized, and a nuclear fusion reactor that is

highly economical and reliable can be provided.

(6) AIXRIF—CTEERENTETELOBO THRRLEBEDORES AT LNRHETE., BAK

PEBEICEATRREREBEIRMRT 3 LA TE S,

[0072]

01 Reactor 02 Liquid lithium alloy (core) 03 Circulating electromagnetic pump 04 Inlet 05
Outlet 06 Startup/control device 07 Reflector 08 Shield 1 Core 2 Liquid lithium alloy 3 Reactor
vessel 4 Circulating electromagnetic pump 5 Heat exchanger (steam generator) 6 Heat
transfer tubes 7 Turbine generator 8 Water/steam system 9 Circulating pump 10 Liquid lithium

alloy supply equipment 11, 12 Free liquid level 13, 14 Liquid level gauge 15 Separation device
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16 Condenser 101 Piping 102 Thermal stress relief material 103 High temperature section 104
Low temperature section 105 Thermoelectric element 106 Piping 107 Circulating pump 108

Heat dissipation device 109 Cable

01 02 &RIKVFULEE (JF) 03 BEREBARCT 04 RAO 0S5 HHO 06 &8
HIEERE 0 7 REHMA 08 U —ILF 1 JFD 2 RIKVFULESE 3 IFRd 4 BIREHMIKRT 5

2Aeds GRRUEESR) 6 GRAE 7 ¥ —EVHEHSBH 8 K/ BRRR IO BRARVT 10 REUTF
DLAEEMiEaRiE 11, 12 BRAE 13. 14 KEFT 15 DEEE 16 18Kk 101 idE
102 BS/#EMM 103 SEE LO4 EEES LOS BAERTF 106 EdE 107 BRR>V

108 MBEE 109 7—7 )L
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