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The 2™ Seminar of R&D on advanced ORIENT was held at Ricotte, on November 7"
2008, Japan Atomic Energy Agency.  The first meeting of this seminar was held on Oarai, Ibaraki
on May, 2008, and more than fifty participants including related researchers and general public
people were attended to this seminar.  The second seminar has headed by Nuclear Science and
Engineering Directorate, JAEA on Tokai, Ibaraki with 63 participants.  Spent nuclear fuel should
be recognized not only mass of radioactive elements but also potentially useful materials including
platinum metals and rare earth elements.  Taking the cooperation with universities related
companies and research institutes, into consideration, we aimed at expanding and progressing the
basic researches.

This report records abstracts and figures submitted from the oral speakers in this seminar.

Keywords: Nuclear Fuel Recycling, Platinum Metal, Rare Earth Elements, Separation, Recovery,
Utility, Radioactive Elements
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L. il sA0% 99.2 cms, A% &1% 0.016 mmol/g THh o7,
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(RO ERAE L OB T ICE N A EOBTHLE & x 7= MC O
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FEE BN, R5I2 Cs & Sr B TFIED BB 2 EE /i & 0 20 40 60 80 100
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BEER

1) =Zht B, TR L FALEE - R YERESEALEE | BB 1 M XA A OEREORE
Bl BEREIY A 7 VR 7 R E R BERAN. AT 7
AHEF 5 19, pp.12-28(2007). (A AA A o A P 23 5ERF SR KRR S0)

(2) =8 . TA A2 & iALPR - G PEBEEEMALER ) 5 2[Rl FEEASTHE ORI /3B - B
W EBRIA, AAT T2 KHF25E 19, pp.127-140(2008). (H A A 7 L ASHa 2 A 5ER K HE
fii 3C)

() =Af . T A AR L PR - RSTPEBR IR AL ) B 3 (R A A AZHATEIT K D A
JCFE DR - B, A AT 7 M7 278 19, pp.179-195(2008).  (HAA A o 28y
RO RR S0

(4) Yusuke Endo, Takahiro Tachibana, Wu Yan, Lee Chuanpin, Hitoshi Mimura, Yuichi Niibori, Masaki
Ozawa, Shinichi Koyama, and Masayoshi Kamiya, SELECTIVE SEPARATION OF NUCLIDES BY
HYBRID MICROCAPUCULES (1) SEPARATION OF HEAT-GENERATING NUCLIDES (Cs, Sr),
Actinide and Fission Product Partitioning and Transmutation, Proc. of Tenth Information Exchange
Meeting, OECD/NEA, Mito, Japan, 6-10 Oct.(2008).

(5) Ayumi ASAKURA, Yusuke ENDO, Yan WU, Kaoru IKEDA, Hitoshi MIMURA, Yuichi NIIBORI,
Shin-ichi KOYAMA, and Masaki OZAWA, Preparation of Ferrocyanide Molybdate and Their Selective
Uptake Properties for Palladium and Cesium lons, Proc. of PBNC2008, Aomori, Japan(2008).

(6) Yusuke ENDO, Yan WU, Hitoshi MIMURA and Yuichi NIIBORI, and M. Ozawa, Selective Uptake of
Cesium lons on AMP-loaded Silica Gels, J. lon Exchange, 18(4), pp.300-305(2007).

(7) Takahiro TACHIBANA, Hitoshi MIMURA, Yuichi NIIBORI, Yoshito WAKUI, and Masayoshi
KAMIYA, Selective separation of strontium(ll) in concentrated nitric acid solution by hybrid
microcapsules enclosing crown ether(D18C6) compounds, J. lon Exchange, 18(4), pp.240-245(2007).
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BRELTORENFA

SR (2T BEEIRL . T E BB RIS, 2R - #RIRELTHI A

WM IG5ERET N DR
— HLWALDREBDEE: 2./ 3% LHH5FREBLEEL., B ERE
E%E&O)J’i'}‘
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Table 3 Comparison of K, ¢, values for various
inorganic ion exchangers in the presence
of 5M NaNO; and 3M HNO,

Inorganic ion Kic. (em®/g)
exchanger in 5M NaNO, (pH..) in 3m HNO,
KNiFC 1.6x10° (8.59)

KCoFC 2.0x10? (5.20)

AWP T 8x103 (" 24)

AMP

Ferrierite 6.7>< 10 (5.48) 2.5x10
Mordenite 3.9x10 (5.07) 8.5%10
Natural mordenite 5.0x10 (4.54) 3.5%x10?
Clinoptilolite 3.7x10 (4.29) 2.3x10?
Chabazite 4.8x10 (4.73)

a-ZrP 4.5%10 (1.56) —

V' /m 100 (7em?®/0.070g), less than 100 mesh;
10 ppm Cs™; 25°C, 5d; Centrifugation 10,000 rpm, 15 min;
Initial pH: 4.09, pH,.,: Equilibrium pH

CsEREFEF: FFHEIzOFUAEY > ~NTORBlE > 7151~
(AGe°, kdJ/mol) (-15.4) (-9.7) (-3.7)




JAEA-Review 2008-083

AR THLV-CslkEHl

MCIZA Cs 1

- BT AN BT U EZ Ls(AWP)
- ANTAERDERIE, SREONaEFESIUHEBBARD T, CsIoLTHELERY

SLEH|
- TILXUBR
-EEOHYRS . SHEEO—TE. Rl ARNAES
- Egg-box 13, BUVEEEERE. HILRFIIILEIZFHMLTINS
1HDERBAF -2 L LOEETEHR- 245 (NaALG — CaALG)I &b,
BRBFIZ/7)L1E 2052

NaALG sol. AWP
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= O rb
E 2
S § 1
5 > 100 L ﬁn 10

10° L L L
0.001 0.01 01 1 10

HNO/M

25MHNO, %% |

o
[m]

0.01 01
NaNOS/M

2.5 M HNO, 7

10° o

0.001 0.01 0.1
Ca(NO,),/M

FHRFE: 505 CFEEE, Na* ZF T CIAREZEET,
SEFH (K, : 107 ~ 2.5 M HNO, 7 T THEUSECFH,

1 M Na® E/=(ET1 M C2* EF T TE, BUSEFH,

Cs & RODHBEFH -
25 M HNO, #7738 MCDI DT> T HBHSALL,

s FimifR

2100

Langmuir 7wk

ACs
¢Rb

REERR
80
* o o *
p 60
A A £
| o
¢ >
=3 40
laa g
¢ Cs g
A ARD o 20
0
0 2 4 6 0
Ceg/mol dm®

2

4

Ceg/mol dm®

AWP-MC DCs, Ro DIRE ZZ#R - L= DH#FFZ4 | angmuir Z/
Langmuir 7w DEEDFEHN S, Cs DEIFIRA &(£0.09 mmol /g ,

Rb D A4 7182 & £0.07 mmol / g
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HZENH NO R D2

10* . r
¢
e =R
o y=33.669x-13735
E 10% } i
¥U
10" 1 y=4.5609x 0857 :
jm}
100 L 1 i
0.01 0.1 1 10
NH,NO /M

— [NH]B LK, oy Ky DESREL: 2OV DEEX V= V,, +0 VK, )TDVDHEEEIZFIF

— 01~ 1 MNHNO#7F F T, CsERbDKMEDESKEL, NH 155 X5 BRHAILTHIL,
Cs/RbD O OVF 5 BEH T §E

Cs&RbD 2O 5 Bt

40 f | f 50
40 T T T T T
3| — 1 sl !’W\ | \
wor M — 1 30 \‘ —oRb I “\
o 25 ‘L 1 I \ | g Ll || ]
E 20k I . § o \‘ | | g \“ K?
2 15_\\\ 0.6 M NH,NO, | E z‘w 1M NH,NO, 1% B 3M NH/NO,; |
0] “ ] " / ‘a‘y | Wl |
5r “ T‘ 5 | J / /
N 50 100 150 200 057 a0 60 80 100 120 140 % 10 20 30 40 50
Eluent volume/cm® Eluent volumelcm® Eluent volume/cm?®
[ElRE: Rb-83%, Cs-71%. EMREE: Rb-87.3%, Cs-70%. [EUREE: Rb-92%, Cs-75%.
SEEER,: 1 SHEER: 0.62 SBEER, 0.16
AWP-MC: 1 7§Eﬁ%ﬁ:
A — BEABEEE<TEE CsRV DL EHIETTS
Flow rate: 0.14 cm¥/min TR BEEIZET, BRAEEFZZEAL TERIOVIATHE,
Eluent: 0.6 M NH,NO; — 1M HNO,
Col :25°C — L
olumn feme — NH B REFMAELTNIL, BTS20

BAE MR LY, EFIEDCsig L THEEERATRE,
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| |
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R T
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BEHITIO DS D KED LLES

D18C6, DCH18C6, DtBUCH18C6 ZA7& L /-MC
(Crown: 36 %, SDS: 54 %, 1-decanol: 10 %) Z/£#

DCH18C6

DtBuCH18C6

D18C6

900 4 m

0 20 40 60 80 100120
3 - 10,000 ppm Srig#&(1 M HNO,)
K /cm g A% O CLD-HALGI EE
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(U592 HAT) DEE

10° [ 140
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o e 80
£ 10 ] g
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= =
= ° e = a0
| L -
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10' , - ) A,
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[HNO,] /M Inclusion ratio of D18C6 / %

B (O5 D2 - Ff1F>) - 40:60TRAAME |:> AT A RIGDIEEEHE R
> TILTI:2

Sr**(aq) + 2X (aq or org) + D18C6(org) —— [Sr-D18C6-(X),](org)
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K(1) -
sr(ll) 235.0
Y(1l) 6.7
Zr(IV) 4.5
Mo(V1) 13.9
RuNO(IV) 6.3
Rh(lll) 7.7
Pd(ll) 24
Cs(l) -
Ba(ll) 229.6
La(lin) 8.8
Eu(lll) -

=
o
1

&=
i
W

/107 mmol g
=

0 2 4 6 8 10
C /mmol dm™
eq
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Fundamental study for developing anti-corrosive metals in hydrochloric acid media on fuel
reprocessing system
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* Tcltlﬁﬁﬂ]ﬂﬂ]%%liﬁéb\ ? K.German, “Born to burn (Tc fate as a regarded during last 40 years) ™,

The Third Russian-Japanese Seminar on Technetium, Dubna, Russia, June 23-July 1, 2002.
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T, 2 OERILEEZDH E. Ta, Tmax IZOWTIHIFEAEERR OGN -T2, Qpsc
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8Rb(5 2P5,) + H, > 8RbH + H,*
PRb(5 *Py,) + Hy* — ®RbH + H

85SRb 8" Rb D R iL{AS T+
hv(8Rb(5 2S,,,,F=3—5 2P,,,F=2,3,4)
- hv(8Rb(5 28, ,,,F=2—5 2P,,,F=1,2,3) = 1.5 GHz
hv(8’Rb(5 2S,,,,F=1-5 2P,,,,F=0,1,2)
- hv(8Rb(5 2S,,,,F=2—5 2P,,,F=1,2,3) = 2.5 GHz
(FyT5—4#31E: #9500 MHz)

Bl 3 4 73 B 52 B
V. Chaltikyan et al., J. Radioanal. Nucl. Chem. (in press)
85Rb (72%) —, ¥RbH(88.5%)
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L—H—{bFE (CsEGLIA 57 BE)

CsISERT 555 DRER :

My T S—tah EGAL TR LY REL

{133Cs&135030) Bz 4R T h: #5200 MHz(6 28, ,,F=4—6 2P3,2,F=55%$z>}

Ky 5—4&08: #3500 MHz

. I

Ky T5—21) =23t F IR

hv (1+v/c)

hv (1-v/c)

FyFS5—%8R
#ITHET v (1-v/c) ¥ (1+v/c)

L—H—{bZE (CsRIGL A7 B

[ s A —Ls)

Cs(6 28, ,) + 2hv — Cs(7 2D)) (J=3/2 or 5/2)
Cs(72D)) +H, > CsH+H AH= -51.1 kd/mol

[a—/LEEREEA~ R 1-ETE]
-BERRRDBIS

2R FIRIN = & BBIREHEE
8Rb, 8’Rb ) B {4:E R Ehi
13Cs O B AR & E IR

103 —

72D, S=<68MHz

#x D
697.33 nm
698.35 nm
6 2P3/2

62P,, 1

;

5.

\ /

>

N
A

2K F RN

766.98 nm
767.60 nm

625y,

BhEER & —Ls

2% F RhitE 4R Al:
AJ=0, £1,+ 2
(J=0+J=0, J=1/2«J=1/2, J=1J=0)
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¢ YAFI—AL—J2E HiRFEEE
LD RIRLEVVEET)
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BEEBIIRX—LAHEHm=THH)

Grating 2 0 —
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HEERFEFICES-ICHATERETEA T T e e e
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FEEMER L RiELEVEDET

TR AILREDARIN LG

H 51/ SR JLEFREIE(a)(b)ERRI M ILIE(c)(d)

70
(a) (b)
N 60 T
T | HSS—DREEI0% |
Z 50| | | i hES5—DREET0%
=
2 4
<
ES
S Tt Y.
o 20 - .
© :
> el -
a 1w} (e - mee
(d) =~
0
4 45 5 55 6 6.5

Pump energy (mJ)

ARG VIEIL S Bl FTRE7S SR ELC 8D (A E=20~30MHz)
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B ] PR 15 T D B (A 57 B
- EFHIENC R D IRENIR REHIE -
[=FH%h]

L—F—/VRER (BRE. Pl K. GIH8) ZH @10 TRl
R EEREHIEHT S,

= FHlE D1 -
HIABHIENZ &K BCs (7 2D, 7 2D, ,) D ER AT

cs7D7,

Cs 6212 \
B1ALR  ®2/ALR 1
E1ULR %2/9»,‘(55&3“6
iS5

HIABFIENZ L BDCs (7 2Dy, 7 2D, ,)DEIRFHEE

- EERFER -
_EHE 300fs R 400fs PiiRIEOER

A, c1+explii(2m, — ;)7 + 250 |

/\\ _.'A\\ ‘

AVFS AR &KFREE//MERE)
1600

(B o7—)TRR/ILRARED
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Yamada et al., Phys. Rev. A 72, 063404 (2005)
fth= (527V)
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CsID = B iK R i {0
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Kurosaki et al.,
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2RFHFITERATATRE

\ /

HR 7 —R bt

(REBBICESISIICKE
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T BRES TR #15cm™)

J. Chem. Phys. 128, 024301 (2008)
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wRoT—52T
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CslD R A Z R IR B IE
- BB RIS L HmE R/ LADEE -

Initial ; 133Csl (v = 0); 135CsI (v = 0)

Target: 133Csl (v =0);135Csl (v=1) T = 460000 au (~ 11.1 ps)

00044 L o 11 0.0007 ‘ 1 w 1 w
0.003 00006  Ay=1
0002 E 0.0005 ]

2 0001 A

= 0000 B 00004 Av=2

S 0001 = 00003 ]
0.002.] = 00002
-0.003] 0.0001
o004} o 0.0000 ] ‘ ‘ ‘ ‘

0 100000 200000 300000 400000 0.000 0.001 0.002 0.003
Time / au o/ hartree

100% DERMIRBFIEZ ZRLFo&E/ ULANERICRHESN =

F & H(GEROEE)

[L—H—1{bEix])
¥ (% /P20MHz) | SR AIZ (750~810nm) L—H —BA
2HFRYTZ5—")—CsTEDI&RET (6 2S,,, = 7 2D;,, 5,45
[ZH T 5B MMEEERE)
RbE i (A FR 23 F 2 DR ET

[=F 1)

- BIRMIRBIREE DR (7|_:.~/70—9‘\_~/70‘ ANV TSTY
BF% ., CARSE)
THzIL TR DR FECSHRENRRE D H R 7 — R i D E i
R/ LRI E KU AN =X LOERATEE
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TLERR Y ay, EEEGR Y, N T LHENDEBICIIZE SO LT A Z L
BEDN TS, HE, K72 <o TV A EEWR B DML/ SR ZIEA VP T A A
T —ZDE—ZIZIIRA T L, PMROEMEREa T oI F o F Al RGN
RIS IR N, AT ITHEER DA TH D LSl 70l h, LT A XL EZDILEMDOILTH
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HoH, K1k, B, AMELZHICTLZ L0820 —BoONH L, EFNPIFICHAL
TWDH LT AENDOZEED—FITH L, [ERSLT AZN] [FEDHLVT AZN] IED
YRR, BHER TRV, LT A X VORERCA R OB 2 BfET 5 FTHATH D,

INETUT AZME, EL LTEIMEROBIEME, B8 E &2 0T, bkt
ELTHIAENTE o, BEFOHBONTIZELN D, @EOAE CILE#ERICT
B2 EMm | BIgRBDODIVIEHETHD, Lo, T VX s O mERRL & &I FE
STLT AXNVORBBIER L, TBEMERK LR, (OBETHMEHLT 241 oz
BTSN e R R NORIE ARy

BT IE, k& OB Z BRI, Ao IHa R ET BRI, AT 4 TIBRY LT D
FEREERDLT AANBEZNL D ThDH, &<, BEHEOHET X 2T 2 DITRAIKR
7 T7FF (P t) REOASKREESC, Kb/ NV OEHEMBIILIERA VT L (1
n) REDLT AZIZONTIL, “BB" BRI, AT 4 7 CHEEBEICHE S L,

LT AZNLENS L TUT A2 VSFD@R-ME] LW TAT 4 7 THEERN
HTENZNEDTHD, L LERIT. MEOZ I, RRD D WVITRAMHE, FREBIEIC
EBbORZ, BEMICIE, LT AZNE, Y, MEBOLEITSRV, B D Lt
WS, BUE, ARBOLENBRESNDDIX, LT A ZATIE AR S0, W ot
PERDHHEWVIZK E < —fRANTHIRADBENR—Z X XL TH D,
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R LT A 2L DFEE & HAROHE, T34 vol.55, no.8 (2007) pp.18-25.

[l L7 A 2 VI E D DR, BLR{ET, no.448, (7 A ), (2008) pp.16-21.
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bRt EE (V, Ru, Pt, ... )
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1984~1993 FK (FH)
B: Ti
M: Ti
D: Nb, Ta, (Ti, Y, ...)
1993~1995 IHFa1—tYYITEKXE ((RXFD)
Ta, (Al, ...)

1995~2000 E LK (BhF)
BYEMEMF: Ti, Nb, Ta, REMs (La, Pr, Dy, Tb...)
#8:2%: Mo, Re, Ag, Cu, Ti, REMs (Nd),

2001~ RR(Bh#iz - £38R)
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FHAEE (BRER-METOERXIE)
- Bt MEERERT OEHEERT OO
« FAUDOHETOERDEH

. BRHBALT ASLBE(ND, Ta)DRiE

- BERBUGEDBRMGELTA2IILDOFR) A7 ILE i
D FHFE
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AN EREFIVZHETHHR

L7 AZILDIRFIAFIE
YA ILE AT DB FE

AHARETIE, BRICEBBE SN TWASL T AT)LE
FLWW S o)LETRIZKYESDFIAL, EFEEX2) 71—
DEEEDFR LEBIEL-EENLGHEZERELTWNS,

B &AMz, PGMs(Pt, Rh) . REMs, Ta. In, W, Li. Ti.
SIEEDLT7ARIILDRFRFAMB) S AL DEEFEE
1TV,

éare Metals
t =

ShIZ, KBRS FOEREEZHEL . KFAHLT A2
LOTOtRFMOEROMEITELTREL. A%
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SNGEEFRICTAIRGZAZILTHL S
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NAT)yFh— BEKEHBEDE—A

PGMs (Pt, Rh, Pd,.
aﬁamwxwmﬁ l
AR E th oD ik b

B In:  E&E. T TATDOBHEE
N’ Ga: FRRETIAA—F
: Ta: /MBI -SigEarToY

L7 AZILENE
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B DEFR LIS,

LLTFDE

REMABSEELHD,

@ SHEF. FEGHETEN-HEZHETIH
—HEEMERK (Fe), BMEFHRER, ...

@ LE . METHECHEZREISITR

(S nffEZESRE

RTSHHR)

® chFETHEADLEL, T£MICIZTRBERTHITE
—>#ARZH L (0s), 7U9F /MK BEHERE, ...

TLELH. LT AL -

The Periodic Table of the Elements

Al na]Jmws[we ] ve]wvs|[wis] Vil B [ B Jus [ ma]wa] valva]wiafwma
Hydrogen Helium
'H - Rare Metals I:lElements studied at Okabe lab. 2He
1.008 4.003
Lithium Beryllium Boron Carbon Nitrogen Oxygen Fluorine Neon
Rare Metals (Broad category) sC N | 50 [ oF |0Ne
6.941 9.012 10.81 12.01 14.01 16.00 19.00 20.18
Sodium Magnesium Aluminium Silicon Phosphorus Sulfur Chlorine Argon
1 Na [ 2Mg 13 Al 15P | 168 | 7Cl | 1sAr
22.99 24.31 26.98 30.97 32.07 35.45 39.95
Potassium Titanium Vanadium Chromium Manganese Iron Cobalt Nickel Copper Zinc Gallium Arsenic Selenium Bromine Krypton
1w K xFe 28Ni | 2Cu | 30Zn 3 As 35 Br | s Kr
39.10 40.08 44.96 50.94 54.94 55.85 58.69 63.54 65.39 . 74.92 78.96 79.90 83.80
Rubidium Strontium Yttrium Niobium Technetium | Ruthenium Palladium Silver Cadmium Tin Antimony Tellurium lodine Xenon
aTc a7Ag s08Sn | 51Sb s3 | | s Xe
88.91 91.22 92.91 95.94 (99) 106.4 107.9 114.8 118.7 121.8 127.6 126.9 131.3
Caesium Barium Lutetium Hafnium Tantalum Tungsten Rhenium ‘Osmium Platinum Gold Thallium Lead Bismuth Polonium Astatine Radon
7 Au 2Pb ssPo [ s At | s Rn
132.9 137.3 175 178.5 180.9 183.8 186.2 190.2 192.2 195.1 197.0 207.2 (210) (210) (222)
Francium Radium Lawrencium Dubnium Bohrium Hassium Meitnerium
s7Fr [ssRa | wlr | «Rf | Db | ws Sg wBh | wHs | Mt
(223) (226) (262) (261) (262) (263) (262) (265) (266)
Lanthanum Cerium Praseodymiul Neodymium | Promethium Samarium Europium Gadolinium Terbium Dysprosium Holmium Erbium Thulium Ytterbium
Lanthanide
138.9 140.1 140.9 144.2 (145) 150.4 152.0 157.3 158.9 162.5 164.9 167.3 168.9 173.0
Actinium Thorium Protactinium Uranium Neptunium Plutonium ‘Americium Curium Berkelium i i i ini Fermium i Nobelium
Actinide ss AC 1 Pa 93 Np 6sCm|o7Bk | 9sCf | 99 Es [ wFm|wMd | xNo
(227) 2320 | 2310 | 2380 | (237) (247) (247) (252) (252) (257) (258) (259)
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Development of a new recycling
process by scrap combination.

Idea 1

PGM scrap Magnesium
(e.g. Pt, Rh...)” Scrap

(or Ca, Zn, etc.)

Pure Pt + Small amount of
waste solution

AR . . i
%7 Institute of Industrial Science

¥ THE UNIVERSITY OF TOKYO

Recent research 1

New extraction process for PGMs from waste materials
by using reactive metal (R = Mg, Ca, etc.) vapor

Metal vapor is supplied to PGMs 7LD

dispersed on an oxide substrate.

4

R-PGM alloys or compounds are
formed selectively.

Surface area of PGMs is enlarged by ‘ :
selective dissolution of R. G &5 o & (5

The enlargement of surface area

enables PGMs to react with acid

effectively, and they dissolve u
faster than in their pure form.

R-PGM
compounds

Fig. Concept of the metal vapor treatment of PGMs in waste materials.

*T. H. Okabe et al., Journal of Materials Research, 18, No. 8 (2003), pp. 1960-1967.
**T. H. Okabe et al., Materials Transactions, JIM, 44, No. 7 (2003), pp. 1386-1393.
***Y. Kayanuma et al., Journal of Alloys and Compounds, 365 (2004), pp. 211-220.
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