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DESCRIPTION JP2004109013A

Method for accelerating radioactive decay and energy generation device by accelerating

radioactive decay
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[0001] [Technical Field to Which the Invention Belongs] The present invention relates to a
method for significantly shortening the decay half-life of radioactive waste such as strontium-
90 (NER1Sr) and cesium-137 (NER2Cs), or spontaneous fission materials such as artificial
plutonium (Pu), natural uranium (U), and thorium (Th), which are dissolved in a molten metal
such as liquid metallic lithium as a catalytic solvent, and to an energy generating device that
utilizes the decay energy thereof. [0002] [Prior Art] Until today, no method has been invented
for the decontamination of radioactive waste. Furthermore, methods using the abundant
resources of uranium-238 and thorium directly as nuclear fuel are not yet at a practical level.
[0003] [Problems to be Solved by the Invention] For this reason, radioactivity conversion
methods using accelerator particle beams have been studied, but they require a lot of
equipment and energy and there is no prospect of practical application. [0004] Therefore, the

present invention aims to provide a method and apparatus that kills two birds with one stone

20-08-2026 - Page 2



by using a molten metal such as liquid metallic lithium as a catalytic solvent to dissolve
radioactive waste such as strontium-90 and cesium-137, or spontaneously fissile materials
such as plutonium, uranium, and thorium, and by significantly shortening the decay half-life
through the thermodynamic forces in the catalytic solvent described later, and utilizing the
decay energy. [0005] [Means for Solving the Problems] In order to achieve the above objective,
the present invention, corresponding to claim 1, is characterized in that a liquid metallic
lithium or a molten metal or alloy with similar catalytic activity is used as a catalytic solvent to
dissolve an artificial or natural radioactive substance in it, and the decay half-life is
significantly shortened by the thermodynamic force in the catalytic solvent, thereby
eliminating the radioactivity and converting energy. [0006] The invention corresponding to
claim 2 is a radioactive decay acceleration system comprising a reaction vessel equipped with
a pump for circulating the catalyst solvent, an additional catalyst solvent supply and a
purifier, and piping for circulating the catalyst solvent, in addition to an injection device for
artificial or natural radioactive material and a device for separating and recovering non-
radioactive products, characterized in that the half-life of the artificial or natural radioactive
material dissolved in the solvent in the reaction vessel is significantly shortened, and the
radioactivity disappears and energy is converted. [0007] The invention corresponding to claim
3is characterized in that, in claim 2, a cooling means and an insulating means are provided on
the outer circumference of a reaction vessel and circulation piping system filled with a

catalytic solvent that generates heat due to the radioactive decay of artificial or naturally
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injected radioactive material, and a heat utilization means is provided for extracting and

utilizing the heat generated by the cooling means.

[0001] [XPROETIEMOEF] AKRBIE. REEREFULEOAMEEZMESEIC
LTINICABRLIZAOYFTL90 (ssup>9 0</sup>Sr) 2 IL137

(<ssup>1 3 7</sup>Cs) FOMEIMEEEYIH ZWIAODTIL =T L. (Pu) XRY
ZZUL (U) »RUDL (Th) F0OEBRKDPEYMEORERSF BT XIEICIEREY 27 ERUE
DEFEIRINF—ZHATEIIRIF—RELZBEICEATS, [0002] [[EROEM] €KL
54 HF THRETEREEMORFEHRAEIRIERBINTVEAL, XERNICBERVSZY
L2380 hUDLZEEKMAEIE TBAEIIEALANILICEL. [0003] [RAHERL
£S5 ETBHRE] CDI-DHNESFHFHRZ (EFA L oS REE AR EDNARENT VB HZARD
RMECIXILF—ZELEAORBLIZEL. [0004] £IT. AERATEREZEVFV
LEOARMEBZAEARE LTINICZAMOYF UL ORI T LL 3 7EOHE EREEYH
BZVWETILEZT L. D32 LR MY LAFEOBERSHEZ 8B L. iR Y BRI SH
RORNFENICEK > THEFBHIZKIEICEREL. TORBEIXILF—Z2FBITZ—AZEDA
B ZOEBEIRMIZCZBMNE TS, [0005] [REZMERTIIHDFE] AHEH
3. BIECEMZERSE S/, FBFRELICHIDT 2HERBIE. REEZRVUFULELIEENLFEK
OHIBEERDOH 2 FMEBXIIEEZMEBRAIE LT, TNICAAXIIKRADKSMNE = 3
L. ZMERRIRORAIFENNICE D EEFHIAZ KIEICREEL T, BUREZHRL. TRIL¥—

B ER L EREME TS, [0006] FHRIE2ICHET 2 FAISAGCHERHZRIRYT %
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R TRUAEARNENAHE2E C Fibas 255 L I RICA S L MERFITBRAREICIMZA TARD
RISKRADBEIEME DFARE CIEB LR Z DRI T 2R E & D 2 2 ME R R EE
BYXATLTHD . REBEF THAIAHE LI AOXIIKRADBSFENE DOFBHANKIRICHE
MES. BAEINEHRL CIRILF—ERIZ e 2/Be %, [0007] HKREI3ICHE

I B FEBAIFFHRIE 2 ICEVWTAORIIKRADEARF Y E OIS HERR IR THRET 5 MESHZ 7
e LEERIGAR CRIRIEE S X7 LAONEAISSEFER CMATFRZRIT. ZANFRICEDRE

L7z LIBT3 BRI RAFREZRITICC 2/ T %,

[0008] The invention corresponding to claim 4 is characterized in that it comprises a
thermoelectric power generation system comprising a high heat source loop consisting of a
pump and piping that extracts and circulates the heat generated by radioactive decay using a
coolant or a catalyst solvent that also functions as a coolant, a low heat source loop
consisting of piping, a circulation pump and a cooler, and a thermoelectric converter that
inserts a thermoelectric material between the high-temperature heat source and the low-
temperature heat source and connects to an external load to extract power. [0009] The
invention corresponding to claim 5 is characterized in that, in claims 2 to 4, a heat exchanger
is provided between the water/steam system that rotates the turbine as a means of heat
utilization of the high heat source loop and the water/steam system as a means of heat
exchange, or an independent intermediate loop is provided between the catalytic solvent,
which is a coolant for the high heat source loop, and the water/steam system, using a single
metal or alloy or conductive liquid that is stable with respect to the catalytic solvent and
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water as a heat transport medium. [0010] [Function] Each claim, particularly claims 1 and 2,
describes an invention that dissolves an artificial or natural radioactive substance in a
catalytic solvent such as liquid metallic lithium, and utilizes the fact that when the Gibbs
energy AG decreases during alpha decay, beta decay, heavy cluster decay, or spontaneous
fission of the radioactive substance in an ionic state immersed in a sea of mobile electrons in
the solvent, thermodynamic forces promote the decay. The thermodynamic force referred to
here corresponds to the condensation force described in the inventor's prior application
(Japanese Patent Application No. 2002-067220), but strictly speaking they are not the same
thing, and the two are closely related in the following way. [0011] Generally, the depth of the
Gibbs energy is reflected in the material's intrinsic condensation force through the
intermolecular and atomic bond energies within the material. However, if the Gibbs energy
deepens further through chemical reactions or other means, and the substance becomes even
more stable, a collective force emerges that governs the entire collection of particles (atoms
and molecules) in the substance, and the reaction rate increases significantly. In this
invention, this collective force is defined as a thermodynamic force. [0012] The above-
mentioned collective force also controls the nuclear reaction, as discussed in the prior art,
and the resulting effect of increasing the nuclear reaction rate has already been
experimentally confirmed. This invention is based on the principle that radioactive decay is
accelerated in a manner similar to such reaction mechanisms. [0013] Here, we will explain
using strontium-90 (NER3Sr, half-life 28.8 years), a typical radioactive substance, as an
example.
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[0008] FEKREAICHIET BHEBIFFFERE2 XIEIICEVWTHEBEREICLE > THETIH
"SHIM E IR MR AMEARIC L DIE LBRT 2R TRUREL D AZEHRIL—T

. BBE. BRRYTITRUVSHBLDAIEHRIL—T . BXEERRCERREOBICAEY
BEIFIAHNBEREICERL TENZMO HITABTIHRBLOBRINIABRE X TLEZET
BLeERFHE IS, [0009] FKESICHIGT 2RBIFFHERE2~4ICEVWTERFEIL—
TOBFAFRELTOX—E ZOESE 3K ZAIRHR L OBICAIRFER & L TOERZHRES
ZRITBHDXUIBERRIL— T OAEM T H 2 MERR C K/ BIRBOEMZzEELDDOLE T B
SHRTECAMEAR LK RIRMOBICHEMEAR S LUKICH L TEERERESEBH I VIZES
RIFEEMREE BEEEAR T3 MIPREIIL—TERIFABRES AT LEET 5 25
£9%, [0010] [fEA] BFHEKERICHERE LRV 2 ICHIGT 2HERBITRERRE) F UL
ZOEARIPICAOXIIRADOBNUEMEZ B L. ZARPFOBBETFOBOPITEITCEN
fot 7 REDBET B D oBRE. BERIENIZES 5 XX —HEH 5 VIZEREROIHT ZBD

GibbsIRILF-AGHEDTIHEIE. BRAFNALHEEEZRET S 2FBETS, CC
TESBNFENHCIIARBEDS E JGFE2002-067220) THRARTWDEHMENICHES
IT23HDTH P, BEICIFFE—DHDTIFRSEEIFRD K S AEAFRTEREICHEIINTLS,

[0011] —MICGi bbsIXRIF—DRIIE MEHFORT - P FEBEEIRILF—ZN
LT. MEREORBAICKBMINTWVWS, LHL. GibbsIRILF—ItFERIEHRL T,

& DREDYBEHBICRENT ZHEIE. WERORTF (BF - 9F) £HLEEXET 5%

MR L. RIGEEDKIEICEXRT 5, COEENDZEZ2AFERATIIFRNFHNHEERZLTY
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%, [0012] tEEFANHIRRIGZDZET D EHFIGECIEERATERSN. TNICED
BRISL — MERZNRDBICRBRIICHESE EN TV S, XERIFZ. CO& S BRIGHEE CRERRIC
B EEREMEBESND L LERBICEDVWTWS, [0013] CCTIRABENBESEMET

HBAO>FTL90 (<sup>9 0</sup>S r. ¥@EHI2 8. 8F) ZHIZ & DEHAT 3,

When <sup>9 0 </sup>Srisinjected into liquid metallic lithium as strontium oxide (SrO),
<sup>9 0</sup>Sr becomes an ionic state in the liquid through the following reaction.
[Chemical Formula 1] <img file="2004109013.tif" he="19" id="000003" img-content="drawing"
img-format="tif" wi="118"/> Here, Li<sup>+</sup> and Sr<sup> 2 +</sup> are monovalent
lithium ions and divalent strontium ions, respectively. <sup>9 0 </sup>Sr has a half-life of
28.8 years and is converted to yttrium-90 (<sup>9 0 </sup>Y) by the following reaction
equation. [0014] [Chemical Formula 2] <img file="2004109013.tif" he="17"id="000004" img-
content="drawing" img-format="tif" wi="149"/> Here, MeV is an energy of 1 million electron
volts, and B<sup>-</sup> and v<sup>-</sup> are an electron and an antineutrino,
respectively. [0015] When the decay of the above reaction equation (2) occurs in liquid
metallic lithium, the Gibbs energy difference AG between Sr<sup>2 +</sup>and Y<sup>3 +<
/sup>ions becomes about 0.8 eV, and the decay acceleration exp(-AG/kT) is more than
10<sup> 8 </sup>times at a temperature T=450K. Therefore, the half-life is significantly
shorter than 28.8 years, and decay may occur almost instantaneously. Here, k is the

Boltzmann constant. [0016] The generated yttrium 90 is radioactive and has a half-life of 64
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hours, and undergoes beta decay to become non-radioactive zirconium 90 (<sup>9 0 <

/sup>Zr).

<sup>9 0</sup>S r EBL A OV F VLS r O L TRIFEB U FULRITEATR E. K
DRIET<sup>9 0</sup>S r [FHBREPTA A VRELHRD, [{E1] <imgfile="
2004109013.tif" he="19" id="000003" img-content="drawing" img-format="tif" wi="118"/> C
CT. L i<sup>+</sup>. S r<sup>2+</sup>ldXL 1OV FILAA>. 2D O
VFILAF U TH B, <sup>9 0</sup>S rix2 8. SEDOF R TRORIGICED 1Y +
1)7L90 (<ssup>9 0</sup>Y) IZ%%. [0014] [Mb2] <imgfile="2004109013.tif"
he="17"id="000004" img-content="drawing" img-format="tif" wi="149"/> C C TMe V&
100ABFRILEDIRILE—THD. B<sup>—</sup>. v<sup>-</sup>lgXLEFRUVK
Za—hkDJ/THB, [0015] EERKI (2) OFEEDN. REESEUFIVLOFTIESS
HBElE. S r<sup>2+</sup>¥ Y<sup>3 +</sup>1F>DG i bbsIRIF—EAGHO.
8 e VIEEICAD. FIEEEEexp (FAG/kT) IFBET=450KTIF1 O<sup>8<
[sup>fBEUEHHO. T FFHAIZ2 8. 8FICHARKIBIZE IR —BRICHIET 2 A8EM
BPHd, I kIFRILYIVBE-RTHS, [0016] ErlLicry JUDLI OIFHEM
T6 4RFEDFFEAT. N—XFHRICK > TIHBEHMEDZIILI=ZT L9 0 (<sup>9 0<

/sup>Z r) 783,

[Chemical Formula 3] <img file="2004109013.tif" he="17" id="000005" img-content="
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drawing" img-format="tif" wi="148"/>[0017] However, when reaction equation (3) occurs in
liquid metallic lithium, the Gibbs energy difference between the Y<sup>3 +</sup>ion and
the Zr<sup>4 +</sup>ionis 0.2 eV, and the decay of <sup>9 0 </sup>Y — <sup>9 0 <
/sup>Zr is also considerably shortened to promote decay. Ultimately, the decay half-life of
<sup>9 0</sup>Sr— <sup>9 0</sup>Y — <sup>9 0 </sup>Zr'in liquid lithium is effectively
determined by the reaction rate in the above reaction equation (1). [0018] Similar decay
acceleration can be applied not only to cesium-137 (NER27Cs), a typical radioactive substance
alongside NER26Sr, but also to the range of radioactive decay that can be applied depending
on the selection of the radioactive compound and catalyst solvent. Furthermore, injecting
radioactive materials in their elemental form is also effective in reducing the volume of
reaction products. [0019] According to reaction equations (2) and (3), 2.83 MeV of energy is
generated by the decay of <sup>9 0 </sup>Sr, of which approximately 40%, or 1.2 MeV, is
absorbed by liquid metallic lithium as electron energy. In the inventions corresponding to
claims 3 to 5, this is used as an energy source. The energy generated by the NER29 Sr
treatment is about 1.5% of that of the same weight of uranium-235 (NER30 U), which is
comparable to nuclear fuel, but it has the decisive advantages of having no residual
radioactivity and an extremely simple reactor. [0020] Radioactive decay acceleration can also

be applied to heavy cluster decay and nuclear fission.
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(1t 3] <imgfile="2004109013.tif" he="17"id="000005" img-content="drawing" img-
format="tif" wi="148"/> [001 7] LH»L. RER (3) H’REERE)FILRNTREET 315
BDGibbsIXIF—EDHY<sup>3 +</sup>1 A > & Z r<sup>4 +</sup>1 7 BT
0. 2eVHOEEBED=H<sup>9 0</sup>Y  —<sup>9 0</sup>Z r DEREHAIRLD
BEEN3, B, <sup>9 0</sup>S r—=<sup>9 0</sup>Y —=<sup>9 0</sup>Z r DR&IK
UF O LRTOREFHAIGERLE. EEEREH (1) ORIGEE TRIZZAE8MEND B,

(00 18] AHEDEEREIF<sup>9 0</sup>S r LM RHEMKEMEYETHZI ST L
137 (ssup>13 7</sup>Cs) ICERATE3IIHND THL.. BEMEME DL EY A AH
DFEERE CHRFAREHZEDOEREFEZLITEENTE S, XRIGEBRYDRBED =D
BZBEEDOHETIATZOHLEMTH S, [0019])] R (2) RY (3) I2&D
<sup>9 0</sup>S r DERET2. 83MeVDIRILF—HRETIN. CDS55840%D
1. 2MeVIZBFIRILF - LTREZE) FULICRINENS, FERE3I~5ICRIGT S
HPTIE. ChzIXILF—RELTHAET S, <sup>9 0</sup>S rLIBETHELETZ IR/
X —IIAEBDYS=YL235 (ssup>2 35</sup>U) D1 . S5%IREXAED. RIRENC
L 3D BHFEHRSENEET. RIGEENMREICHE L VWS RENFISHH B,

[0020] MHFRERRGERIES S X —HEPKARICHERT S ENTE S,

Furthermore, it enables the nuclear fission of all thorium, uranium, and plutonium isotopes,
including not only uranium-235 (NER31U) and plutonium-239 (NER32Pu), which are nuclear

fuel materials, but also thorium-232 (NER33Th) and uranium-238 (NER34U), which cannot be
directly used as nuclear fuel materials. These elements are thought to undergo spontaneous
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fission as shown in reaction equations (4), (5), and (6), respectively, with half-lives (Th:
approximately 10 years, U: approximately 10" years, Pu: approximately 10" years) that are far
longer than the lifetime of the universe (approximately 10" years). In fact, reaction equations
(5) and (6) have been measured. [0021] [Chemical Formula 4] <img file="2004109013.tif" he="
17" id="000006" img-content="drawing" img-format="tif" wi="118"/> Here, Snis tin and n is
an emitted neutron. [0022] [Chemical Formula 5] <img file="2004109013.tif" he="17" id="
000007" img-content="drawing" img-format="tif" wi="126"/> Here, <sup>1 0 0. 10 3<
/sup>Mo is molybdenum with mass numbers 100 and 103. [0023] [Chemical Formula 6] <img
file="2004109013.tif" he="19" id="000008" img-content="drawing" img-format="tif" wi="143"

/>Here Ru is ruthenium.

LHhd. RIRARME THZ V52746235 (<sup>235</sup>U) »FIL+=ZTL239
(<sup>2 3 9</sup>P u) DALBLSTIMEMB L LTERFB T3 CDOTEFRVWNI DL
232 (<sup>2 3 2</sup>Th) . WS=H4238 (<sup>2 3 8</sup>U) EBLLTO
NUDL, D3Z0L, FIWNZOLDTAY b—TDRDHZAEEICT B, CNODTRIFF
HEIKFR (U1 O<sup>1l O</sup>F) KDEMNMIEWFREE (Th #10<sup>2 0<
/sup>&E. U 1 #91 O<sup>1 6</sup>FE. Pu @51 O<sup>1 2</sup>E) TERARDLI
(4) . (5) . (6) D&O>LEERNNETILEZOSND, BERIGR (5) « (6) &
FHITNhTWS, [0021] [1£4] <imgfile="2004109013.tif" he="17"id="000006" img-

content="drawing" img-format="tif" wi="118"/> CZ TS nid#HBTH O . nIIBEFHEFTH
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%, [0022] [E5] <imgfile="2004109013.tif" he="17"id="000007" img-content="
drawing" img-format="tif" wi="126"/> Z Z T<sup>1 0 0. 10 3</sup>Mo |FBEH100X&
U103V TTF>THB, [0023] [1E6] <imgfile="2004109013.tif" he="19" id="

000008" img-content="drawing" img-format="tif" wi="143"/> CC TR UulIILT =T L TH %,

[0024] Spontaneous fission has an extremely low decay probability and is currently only a
subject of academic interest for a few researchers. However, when thorium, uranium, or
plutonium are injected into liquid metallic lithium as oxides or fluorides, they are reduced and
melt as elemental metals in the lithium, causing a decay acceleration exp(-AG/kT) due to the
thermodynamic forces in the liquid metal. The Gibbs energy changes AG in the nuclear
reactions of reaction equations (4), (5), and (6) are 4.3 eV, 4.7 eV, and 5.5 eV, respectively. At a
high temperature of 500°C, the decay accelerations become 10* NER 3x, 10* NER 44x, and 10*
NER 45x, respectively, suggesting the possibility of spontaneous fission immediately after
melting in lithium. [0025] The reaction energy released by the spontaneous fission
enhancement of the present invention is about 200 MeV, the same as in normal fission, but it
has the following completely different characteristics. In other words, (1) While conventional
nuclear fission induced by neutrons generates energy through a dangerous chain reaction, in
the present invention, no chain reaction occurs, and the reaction can be easily controlled by
adjusting the injection amount of thorium, uranium, or plutonium. (2) The number of nuclides
in the fission fragments is significantly less than in normal fission. (3) Much of the reaction
residual radioactivity containing fission fragments disappears in the liquid metal through

20-08-2026 - Page 13



decay acceleration similar to that of strontium-90 and cesium-137, simultaneously releasing
energy. (4) The neutrons released by nuclear fission are slowed down in liquid metallic lithium
and then absorbed by lithium. (5) Lithium that has absorbed neutrons emits alpha, beta, and
gamma rays, but does not produce residual radioactivity. [0026] In short, the liquid metallic
lithium in the spontaneous fission promotion of the present invention has the following
functions. (1) A catalytic solvent that promotes spontaneous nuclear fission. (2) A catalytic
solvent that accelerates the decay of residual radioactivity from nuclear fission. (3) Neutron
moderators and absorbers. (4) Coolant for the reaction core (reactor core) of the energy
generating device. [0027] The injection method of thorium, uranium, and plutonium
compounds or individual elements as fissile material in the promotion of spontaneous
nuclear fission, and the method and apparatus for recovering fission products are the same as
those for the treatment of strontium-90 and cesium-137 described earlier, so the energy
generation common to both the promotion of radioactive decay and the promotion of

spontaneous nuclear fission will be described below.

[0024] BERDRIZEARERISEBEITNG <. REEL Z—EOHAEE DFIMTHIELRD

WMRICAT BV, LHL. BUTL D5ZULNTIL ST LB ISHE e L TRIE
ERUTFVLRISGEATREETEN. VFULRTEEKERE L TAMT 3N'5. ZBREEEF
DRNFEMHICE > THREREEe xp (-AG/kT) ML, Rtk (4) « (5) .

(6) OBRISICHITEG i bb sITRILF—ELAGIFXKLZ 4. 3eV. 4. TeV. 5.
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5eVT500°COERBTHEREERIXEXAL 1 0<sup>2 7</sup>fE. 1 0<sup>3 0</sup>
E. 10<sup>3 5</sup>FIcHRD. UFILPFTAMBERICEREDNZ T 2AEMLH S,
[0025] AEBFOBERAREBETHEINBIRIGEIRIILF—IZBEORIHELFE LK

200MeVTH3HM ROLSHBLLERZFHZELTWVWS, BI5. (1) HMEEFICEL-
THFEINZIBEDORDRICLDIRILF—HESBREZASEHRIGICEZHDTH BN, KH
BATCIREERIGIFEC 5T FUTLL DFZTLXRTILEZD LDZFANRIC & 3 RIGCHFEINE
BICTES. (2) BROEFROKEBEIEEDORARICEANBERICVZV, (3) BIRRZE
BUORIGEZBEEEDZ IEEDI FOYFILI 0T L1 3 7 DJHR L ERRDARIEEEIC
&O. REEBHTHRBL. ARICIRILF—ZEETS, (4) EIHETHEHIhZFEETF
FRAEESBY FULPTHRINLETUFILICRNREINS, (5) HEFERIXLEUF
T LIFaER. BIR. VIRERE T 3O EERATEEIFELAEL. [0026] ChEEY B ICARHA
DEERDTUBEICE I TEI2REER ) FULIFROKEZRFEL TVWS I LICBRD, (1) H
ERDRICEDOMFERAL, (2) BORZENHNGEORREEOMERAL, (3) HMHEFH
# - RUNAL,  (4) IXRILF—EERBEORIGSH (Fo) &M, [0027] BERIH
BEICBITEIRDFEMED ) T L, V52T LRTIL =T LDILEWSH D WVFEEDFIAAR
RUBDHERYDOERAERVEBIE. FICHALALIFOYFILIO0XESTLL I 7TOMN
BERBRZRDT. UTICHSERREERVBERDRIEELBO T RILE —REICDVWTEHAT

Do

[0028] In the invention corresponding to claim 3, a cooling means is provided on the outer
circumference of the reaction vessel and piping, and a means is provided to utilize the heat
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generated by this cooling means, so that thermal energy can be effectively utilized. [0029] In
the invention corresponding to claim 4, the thermal energy can be directly converted into
electrical energy by providing a thermoelectric power generation system comprising a high
heat source loop consisting of a pump and piping that extracts and circulates the heat
generated by the acceleration of radioactive decay using a coolant or a catalyst solvent, a low
heat source loop consisting of piping, a circulation pump and a cooler, and a thermoelectric
converter that inserts a thermoelectric material between the high heat source and the low
heat source and connects to an external load to extract power. [0030] In the invention
corresponding to claim 5, as a means of utilizing the heat of the high heat source loop, which
extracts the heat generated by the acceleration of radioactive decay using a coolant or a
catalyst solvent that also serves as a coolant, the high heat source and the water/steam
system that rotates the turbine are directly connected by a heat exchanger, or an independent
intermediate cooling loop is provided between the heat exchanger and the water/steam
system to ensure the safety of the cooling system, thereby enabling large-scale power
generation. [0031] [Embodiments of the Invention] Embodiments of the radioactive decay
acceleration method and the energy generation device by radioactive decay acceleration
according to the present invention will be described below with reference to the drawings.
Figure 1 is a schematic diagram of the energy generation device by radioactive decay
acceleration according to the present invention. The inside of the bottomed cylindrical
reaction vessel 1 s filled with a catalyst solvent 2 such as liquid metallic lithium. [0032] A
liquid metallic lithium (catalyst solvent) additional supply unit 3 is attached to the reaction
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vessel 1, and an externally installed radioactive material injection device 4 is connected to the
reaction vessel so that radioactive material can be injected into it. A non-radioactive reaction
product recovery device 6 is connected to the outside of the reaction vessel so that non-
radioactive products generated in reaction equations (1) to (6) inside the reaction vessel can
be discharged and recovered, and a lithium measuring and purifying device 5 is attached to
this device to monitor the state of the liquid metallic lithium inside the reaction vessel. The
specific gravities of the reaction products, lithium oxide (Li<sub>2 </sub>0) and zirconium,
are four times and twelve times, respectively, that of lithium. Since their solubility in lithium is
low, their separation and recovery can be easily performed using current technology. [0033]
According to this embodiment, the reaction vessel 1 is sealed with an insulating material 7
and directly connected to the heat exchange utilization system 8, so it is possible to improve

efficiency.

[0028] BREIICHLTSHEHATIZ. RIEBBRVEEDONAAISSINFEREZRIT. D
AHFRICEORELIAZFA TSI FREZRITICOT, BIXILF—ZBIFBTE %,

[0029] FBKRIEAICHIGT 2FEATIE. R EERRIEEICK > THET 3% /51X
(A FRAMEAFICE OB LBRT 2R TRUVERELDLIERRIL—TL. BE. BR
ROTROAHGZRL D BBZIBEHRRIL-T L. SRSRRCBEHAFROMICRENEZ T HNETER
ICERL CENZRD HIRAERRESL DB TN EIABREXTLETBIEICEDEAIRIL

F—ZEEEIIRILF—ICEHRTES, [0030] FKESICNIGT 2FEHATIE. RIGCHET
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RERRIEIRE IS & > TRE T 2 HE SIS SR BEAEARIC L DD B I riE SRR — 7
DHFBAFRYE LTEERFEL 2 —E V2O S E 300K Ra R AXRB TEEER T
WX IIEIECEAR SR LK/ AKRBRE ORBICHIL L IcREARENIIL — T 2RI TR0 Re M=
BERBBDICLIEAREREHLNREAREEC 5, [003 1] [RHAORBOME] UTICAH
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Furthermore, by providing a lithium measuring and purifying device 5, impurities contained
in lithium can be removed, and the reaction can be carried out smoothly by measuring the
temperature of the lithium, etc. Furthermore, in this embodiment, the device can be placed
vertically. [0034] Furthermore, in this embodiment, the liquid metallic lithium 2 rapidly
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generates heat when radioactive material is injected by the radioactive material injection
device 4. This energy is quickly transferred to the heat exchange utilization system 8 and
effectively used for generating electricity or district heating, etc. At this time, the generated
energy can be safely and easily controlled by adjusting the radioactive material injection
device 4. Therefore, according to embodiments of the present invention, an optimal amount
of energy can be obtained depending on the purpose, and safe, stable energy can be provided
with fewer limitations on use and easy handling. [0035] Next, the heat utilization system of the
first embodiment will be described with reference to Figure 2. Figure 2 is a flow sheet of a
thermoelectric power generation system, in which a liquid metallic lithium coolant heated by
a decay acceleration reaction is sent from a reaction vessel 1, which constitutes an energy
generation device by accelerating radioactive decay, to a high-temperature part 203 of a
thermoelectric element (thermoelectric material) 205 via piping 201, heated thereafter, and
then sent via piping to a circulation pump 202, where it returns to the reaction vessel, forming
a primary circulation loop. [0036] On the other hand, a secondary heat removal loop for
cooling and removing heat from the low-temperature part 204 of the thermoelectric element
205 is composed of piping 206, a circulation pump 207, and a heat dissipation device 208. The
thermoelectric element 205 is in close contact with the high-temperature section 203 and the
low-temperature section 204, and electricity is generated by the temperature difference
between the high-temperature section 203 and the low-temperature section 204. In other
words, it directly converts thermal energy into electrical energy. The generated electrical
energy is supplied to the load via cable 209. [0037] According to the embodiment shown in
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Figure 2, since thermal energy can be directly converted into electrical energy, an extremely
simple power generation system can be realized, and an energy supply device that promotes
radioactive decay and is economical and reliable can be provided. [0038] Figure 3 is a diagram
illustrating the schematic configuration of a heat utilization system according to a second
embodiment of the present invention. In this embodiment, an intermediate cooling system
018 is added to two systems, liquid metallic lithium 02 and a water/steam system 08, to form a
heat transport system that rotates the turbine 07 with heat generated by radioactive decay.
The heat exchanger 05 between the liquid metallic lithium 02 system and the water/steam

system 08 is, for example, a shell-and-tube type heat exchanger.

IH5IC. UF DLFHAMILER S ZRITI=D T, UFVLRICEENZI Y EEDORRE. UFD
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TLBICBKITL. RETNO., HEEEZFICEMFAING, COLIHEEMBEIALE S
DFET. REIXINF—EZENDBRBICHETET S, Lich>T. AEBOEMREICEIN
¥ BRICISC TRELIRILF—REEZFZICHTE. FELOFIRIAD R BIRVLZ W
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RERRREEICE P TRILF—REREZBUT 2 RIEAEE LD SHEREERISICE DMASTNIR
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[0039] Thus, the intermediate cooling system 018 uses a liquid metal or a conductive fluid,
receives heat from the liquid metal lithium system via the intermediate heat exchanger 015,
and transfers this heat to the water/steam system 08 via the steam generator 016. [0040] In
the case of the configuration as in the second embodiment, if there is no intermediate cooling
system 018, when the heat transfer tube 05 of the heat exchanger 015 is damaged, the liquid
metallic lithium and water react violently, and there is a possibility that the reaction products

20-08-2026 - Page 21



will flow into the reaction core 01, etc. In contrast, in this embodiment, there is yet another
system between the water/steam system 08 and the liquid metallic lithium system flowing
through the reaction core 01, so even if the heat transfer tube 06 is damaged in the steam
generator 016, it is possible to prevent the reaction products from reaching the reaction core
01, and reliability can be improved. [0041] [Effects of the Invention] According to the present
invention, the following two important results can be expected. (1) By the principle of decay
acceleration, the thermodynamic forces generated in a catalytic solvent such as liquid
metallic lithium can dramatically shorten the half-life of radioactive waste in the solvent,
eliminating its radioactivity or promoting the spontaneous fission of thorium, uranium, and
plutonium to create a safe energy source. (2) We can provide an energy generating device that
can easily and safely convert the nuclear energy inherent in man-made or naturally occurring
radioactive materials into clean energy. [Brief Description of the Drawings] [Figure 1] A
schematic diagram of an energy generation device by promoting radioactive decay and
spontaneous nuclear fission according to the first embodiment of the present invention.
[Figure 2] An explanatory diagram of the heat utilization system according to the first
embodiment of the present invention. [Figure 3] An explanatory diagram of the heat
utilization system according to the second embodiment of the present invention.
[Explanation of Symbols] 1 Reaction vessel 015 Heat exchanger 2 Liquid metallic lithium
(catalytic solvent) 016 Heat exchanger (steam generator) 3 Catalytic solvent additional supply
unit 017 Circulation pump 4 Radioactive material injection device 018 Intercooling system 5
Lithium measuring purifier 201 Piping 6 Non-radioactive reaction product recovery device 202
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Circulation pump 7 Insulation material 203 High temperature section 8 Heat exchange
utilization system 204 Low temperature section 01 Reaction core 205 Thermoelectric element
02 Liquid metallic lithium 206 Piping 03 Reaction vessel 207 Circulation pump 04 Circulation
pump 208 Heat dissipation device 05 Heat transfer tube 209 Cable 06 Heat transfer tube 07
Turbine 08 Water/steam system 09 Circulation pump 010 Liquid metal lithium supply unit 011,

012 Free liquid level 013, 014 Lithium product separation and recovery unit
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