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KA, (7324 "2 T 2 v 7 A& AW T REWE G R EL 7 v & A DB
(Development of Immobilization Process of Radioactive Nuclides in Apatites containing REE,
Aland Fe) | LREL, HAEIEEH 7 7J3 %1 (1F : Fukushima daiichi nuclear power plant)
TS L0 A LTSRN I A T O RBMEE TH LB U A (C)BLUAR b T
UL (St) OEEFENEBIE LT N2 A M2 T I v 7 ZAOER 2 i 72 & QNS I B O [H
LT B ADRFEEITTo, AT, LT 7ETHEKSh TS,

51 BT, IF FOBKICE L TRl L, AWFFEICI W TREE - I35 & 2 BEREm s &
UEBWERFEIZ DWW T E & 7o, BUERGET S 41TV D G ERESEY O A b X OB G 1EIZD
WTHEHL L 7o, ISHERFE O BB FIEO T TH . BEREILIEIZ AT 7 A FELFE I ~EIR TREE
EIMERATEE CH D Z LA, BEA Y ROUARY ~—TRIE & 72 2 BRI X DK%
ERMMAONLR EORBZGT 5, MA T, BEWE TH LT "2 A MECs 72 DT~ DA
I EHRENICHAIAT Z E DR FRETH D | T/3F A MBERE LRI TR BV U PERZ TR ISR 5
LZE « HEEE LTORREMEZ IR, LRI, AFE0 B2 U,

H2 BTIX, 7NZ A MZET 2 MEOARIIE CHEEL L 72 D RIS i 7 & OMEE
FRa T2 T N2 A SOGRFTEZONTIRARD & & B, AFECHIWE L L7 "% A h T
2w 7 AR E AT - RIS W BERR IS oW T X LT,

B 3ETIEH ATFHELETHDLT U H Y (La), x4V LA (Nd) ZHW-Cs EHA T U
L (Sr) TREA FOERE X ORI AT o 72, BEENFZEIC B T S EHSUSIC L 27 32 A P OB
i, 1000°C% B X % MRS HLE CTh o7z, LavL, AR TIZET, MREWE & Wik RS -
HOMR S TS DT RURATEMA 2 R L 72, 15 5 N7z BRI X L CTEVEE &0 8T (TGA) % i
L7 W oREHI IV T 550°CH2 5 650°CHITIC B W TRIBICE &N A+ 5 & & HiZ
TNLRZET DB R ENTz, T OMREZEE X, WHRATEHAZ 700°CTOREMZTT -7,
oo B % X BREHT (XRD) 38 E VY — ML MEITIC K DS 2 F2hi L7/ R, &
FETT N2 A MEEEEZ A LTS Z L2l Lz, AT, B EARBEMEIC X 25306
RIEOBIERZAT o TR R, T 3F A S ORI RARROR PR IND & L bt T —75
B X #O0HT (EDS) ORI, Cs ZIZLHET D7 RF A FOWETEOEHEMRA LT, 56
(AR LTET 2 A b af@ll X0 RSBk e o o LIcRR, b Eimtt o R iE &
LB U CH IR DR GAH AR LTz, Liedio T, TR LWz Cs &4 St 7%
ZA NDOEERER LT,




FABIZBWC, AR THEMA LA EEITEORDY L LT, LV RliRTvI=U5 (A) B
KO8k (Fe) 2= Cs A A M TF UL (S1) T34 A FOAEE L O 21T -7, Bi®E
& AR D FIE THRIRATIAZ G L, TGA ZFE i L7, £ DRER. AlB LT Fe &H b DFEHT
BWTHRHIFE LD HAK 500°CH> 5 600°CHHI T BV B HERE SNEDREEMER & e o7z, &
DOFEFRZBEE 2. Al 2 HW T2 AR 2 300°CH> 5 1100°CIZI W CHIBRADBEkR 21T >7- & =
5, 500°CIZBWNTT NZ A NHRDOE—7 g S iz, £72, 700°CLL EDOBERIZ DU TIE,
U LAk B — 7 BB S, FHRICE 0 78 A MEES AR AL ATREME DS RIS ST,
[FER DFE FIL Fe 2 HWIGBIC bR STz, B ERRBAMEIIC X 2B REOBE AT 72
FERTH, Al Fefliakkl L &7 /8% 4 N OREHRERROER PR IND & &btz F—
B X KT (EDS) OFESR. Cs LU LT DT 3% A4 N OWSRILREOEA DR ST,
Fo, AR LT A D EBRIC & 0 RS S ImiE 2 BN LR, (LB & i
LTCHIFIERBREDO TR EAEMR LT, Lo T, ALBX N Fe 2 W T, 500°CE V5 Zh
FETED BIRMAREFIMFITED CsEA St 7 3Z A OB ERER LTz,

B 5 ETIX, ARLET N A MBI OB LN oWiERE AW ERMERMRE LT, MR
FRIRHC K 2 G GRB~ ORI B . BESEM RS D HURRE - FEVERET 72 & ONOR R &
Fehin Uiz, HURBRIRENC X 5 GG~ ORI BRI CTlx, Co-60 12825 v #IRH %A 0.1 205
IM Gy £ TITV, ZDOHBE XRD IZ L WEEDOE 2 fEsd Lz, ZORER, Gl LI TDT /N
2 A MIPRSTRT & i LT, U RIS KA RO v — 7 I3RS e o 7o, RIT, BEIE
IR ZAE UTZBR O It hE « BEVERM A2 F20 L7=, A TRy MLWICEBIT 5 Cs137 BL O
Sr90 O _ERRIEE A Z 41 100TBg/ton . 10TBg/ton & L7z, ZDEZETIZT XZ A4 NA~EHF T
X HEMEE TR R R L, BAEEARD -0 OMER L ORBELZHHE L, TOME, &
JE LR A B8 L - REBWER R OB AR EZ TR TE | BEAOREL T JICERTE2L0THD
LBtz BHERBR T, FIDICE Yy b LA & B AR RIS R A S LT, K
\ZZ DOFER % TTIT ANS16-1 ICHEHL LR a4 920 L 7o, Rl W2 IR IS L i, a2 6
U ETHD LIRSV D OB EERE LTHEIE SN TS, TORE, BHRBRE
R TRAUARTEIR 2 4 C X 72 3BHT BV T St D LAEAS 9.5 &\ 9 iR FE AR5 RS b7,
LU, CsiZafd 2 LEIX 6 & k% Z L N TE RN, iRHIRIK O X OMHE HE
M ENSHZOMETHL Z ENRHLNE ST,

6 T TIX, I E TIHE DIIAERZ TS REE U E TR O R EBEL T 1 & 2 2R,
ROWNZ T rERBANC L DR TEOBAEREZFMO L, £, AR Lo AT U —BESE
WIN O Sr &, 15% R O Cs 38 L OFEIEE Cs DRINIRL DR E2 R H LT,
Z D%, BHEFRIZB W ORI TV D EGHEBEIEY > b O BUR M LR B RE 2 VT, i#
RUEBEELT B AL O RAET LT3 A ME(LERZREI L, £ LT, ZOfl & Aixtg:
& LT g IR A iR Lo/ R TR 00— bR IR CE 5 Z e ahi,

HIEICB VT, fme LT, AECTHEONIRREZ2E DD L L bla, AFgEE 4% X0 %
B S5 7 OBESOMRGTRIZOWNWTE & T,

%« FRSCEE BRI, FI3L 2000 2 & 9532 300 354 1 BT ORI 52, b L<ITTEL 800 5% 1 HRH L T 720,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).
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The immobilization process of radioactive nuclides in apatites containing Rare Earth Elements (REE), Al
and Fe has been studied. At first, immobilization method and long term storage of radioactive Cs and Sr
generated by Fukushima Daiichi Nuclear Power Plant accident have been discussed. Apatites have
potential as immobilization materials (e.g. low leachability and structural stability under irradiation
condition). Apatites confirm to general formula M14M2¢(Z04)s X2, where M1 & M2 include larger mono-,
di-, and trivalent cations, Z are metalloids, and X represents halides and anion radicals. Thus, novel apatites
containing Cs and Sr using REE, Al and Fe have been chosen as goal products. Next, Synthesis and
characterization studies of apatite-type materials containing Cs and Sr using REE have been conducted.
Firstly, dried precursors were prepared using simulated radioactive liquid waste containing Cs, Sr and REE.
Then, Thermal gravimetric analyses (TGA) were accumulated in order to determine sintering temperature.
Dried precursors weight decreased rapidly from 550 °C to 650 °C and stabilized above 650 °C. Thus, we
determined 700 °C was optimal sintering temperature. Then, Powder X-ray diffraction (XRD) patterns
were recorded. As a result of XRD, materials sintered at 700 °C were found to be adequate to obtain a
single-phase product. Furthermore, wet chemical analysis showed that evaporation of Cs (volatile element)
was negligible. In the same manner, synthesis and characterization studies of apatite-type materials
containing Cs and Sr using Al and Fe have been conducted, and these results showing single-phase
apatite-type materials containing Cs and Sr using Al and Fe were synthesized by conventional solid-state
reaction at the relatively low temperature of 500 °C. Then, evaluation of structural stability by irradiation,
calculation of radioactivity and calorific value and leaching test have been conducted as a practical

evaluation. Finally, this study developed the immobilization process of radioactive nuclides in apatites.
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