INER-FO744 INER-FO0744

L[l[-ﬁsﬁ[% LII[E&IEHU _54 ?7)

€ FI =R Y R B RRYE T A
FPCRRTER S BEF I £ W

T+ AR

EE T S TR U

ITEE% [

CHBEAR 102 % 9 5] 1 FI~102 & 10 £] 3 F!
ﬁéﬁlf'ﬁ'—ﬂ © 102 % 10 £[ 3 F!






wE

AOEHEIPV S I R TSR RSP T A = = A5 (Hitoshi Mlmura)ﬁaf“y
“E"IE?E,E’WIF?% Nr"’“EFJfFETWW H HI BT ?EIJFW%%[fﬁﬁfﬁﬁélﬁ”“ﬁa G
AT TR B R R T T R ﬁ”@i& i P@vﬂﬁ [FRELE T 2B IR iR - 4
% I'] JAEA A"EJ S ZEL o I/jfvﬁ[fl:’iﬁiiﬁ HIBSE > 225 T B > (NI fflp uﬁ
R~ AR EDIRFF ™ > ST PIF 2V~ HEET R &

bd= T EREERIERAL C-14 2 PRl A RIS AR PSR SR - B O

é‘UVTJIE”HFJF'J Fl22 f1= 9 ] 27 |1 T&%/H R A SR ‘I‘?fﬁ% [ F1 A R

i é@ﬁ‘*’ﬁﬁﬁ Vﬂ‘i*ﬂ Ly ff&i TR C-14 ﬁﬁf%éﬂﬂibﬁﬁ%ﬁf’?"

T %xﬁ’b@@@. FHFIFI*J’ i &*ﬁ‘ﬁﬁaﬁéﬁym VA il 5 jvﬁ'.%ﬂ Jao s BT
FRE fifs C-14 2 P23l 5 REEFERE PSRV 4%% A BT e (50 BERL VR
A R i l’“‘?@FﬂHIE “%[ﬂ'ﬂﬂ Tﬁ'f’:@?‘ 7. l‘élﬁﬁf?ﬂﬁﬂ?ﬁi '/’E” > e ?Jﬁ‘*ﬁiﬁi”
S e B EIJF'JIHW IIFJQ’E’Z’&I'HV R ERE o [ Flﬁ@lanﬁfﬁ?4$§t e

g U G 1 JT)’%‘; ?Ev‘] F:I(TTEJ@‘«E TP -

»

Qv

_Y‘Y f



El

L]

L]

LY
IE]\

AU
N L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] . . .

- ~ EI

11

J,
@ L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] . . . 40
% E i - FJ L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] 41

/i
[J“I‘@

1RB

' N Bf‘\T % L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] . . . 42

11



— El |§|€J

2 AL (PR EREIA D~ o O T R T B
5L > SRS (TSPl M S (5T o B A 2 TR G i L Rt s 85 1
Tifﬂi”’ﬁ%ﬁi@“ MIZEE IR R SR S O s ) - I “'[ES«' S BE
AT SRRSO IR A S R ES(Hitoshi Mimura) 7 i PR R B ) BT E
G HEET RS = Sy S ﬂitzﬁfﬁ[’ﬁﬁ’% [P+ S 28 [ ERE et TEAPR] C-14 S EVERE
He fe 1k Iy ’F’ﬁf"‘% %[E IFUI,”‘JIF/I—L )= Fl%%i{tf
E)@%Hﬁgﬁﬁﬁﬁ@ﬁﬁﬁﬁﬁﬁo

)U'Efifa"?ﬁ%gﬁﬁf%#ﬂjlf_}m RV E L& P~ T S R 1 SR R -

lﬁlﬁ%ﬁlli ST %\L”'fF’Ju B PR BRSO -
(= )ﬂ*ﬁi FURPRLY 2 Pl A C-14 Sl TR PR 7 SR 4 i
Pogl fjgﬁygurwﬂ I g:sé (Ao

i’?’F***Wirwl,ﬁ“fﬁ’#?“*rTJEﬁFJEUJ/;IEg‘M | SRy E T RS A
P (PR T R Y IR R AR 1)
o JE;F. £ [H =3 ﬁ‘ﬁjﬁ%@ﬁ /3T BERCT [ e TRl B i@‘rﬁ%@ﬁ[m{”ﬁ
@bﬁﬁ%ﬁ%ﬂ plﬁur«ﬁg%ﬁrm I*TW“E'jigF I @‘r@#ﬁ IE” %ﬁ;ﬁj[ otp[%ﬂj
AEE PR ™= ﬁjrd“”ﬂ#y”@?ﬁq%m g ,ﬁﬂ%é&h@%‘ifﬁ%
™ ]J%HI—JEF' JHSE xHﬂ} S SN I/Ejf:[éngbjj’v,ﬁ[ﬁkﬁ%fnﬁmﬁﬁI“jripr[/fl?}l‘* 7 IEI_ E|
RER VR & rifjxd%ifirf'/?ﬂ’?‘ﬂ%ﬁ%ccwfﬂigﬁﬁ' Vi - ﬂjpl’ﬁl“[fﬁ%} [J
~ BTV PRATER R S R A o B AR @u«ﬂiﬁ’ﬂ’fﬁ A=
’ﬁmﬁﬁ\ﬁuogﬁ"ﬁ?ﬁ?%u?gimp i~ *E‘f“ﬁi'ﬂ[fkﬁif‘*%%l 557 BERL R e

Eﬁdj/’i%“ iR (2 ) e ﬁ[“%ﬁgﬂfﬁ [ﬂl“%\?hyﬂli % 0 FATHT9~10E)F
éaﬁqﬁfﬂ@ﬂ%ﬁﬁgaﬁaﬁ R T B G 5 B
I o F (2 [ 5T @wwmﬁﬁwﬁ&@ mﬁﬁVmﬁ#w#
AT R L AT SRR " S LS
=4 pﬁtfl]_ﬁjmjflj@kf

b= N ghﬁ?fﬁfﬁ‘gﬁlgﬂ LI iﬁ”‘E[i %%Wq Y;’T? £ > FL A
ﬂﬁ’éﬁ%"ﬁj]ﬂ%ﬁﬁ& AR 2 ?”%QC-14ﬁ£l,L, e U?EF‘}'«F/JEA[#[@II’;}FV—JET# ?J;r;p ]
By ?ﬁ'ﬂ I*JE"’TI?WHF BFETE B R o~ e > S ﬁ%}]é‘:éﬁﬁ—f\im i
{2 PIC-143) 17~ SIS ST A I (SR % WORPEL P
SRS > 55 wg@ I"*LI'[ESQI’II?%;&,%\I



(Z) FHY

(

il

)

I 2013 = 09 £J 01 E'}?Ai’:i@fiﬂiﬁk (BR 118 7=% ) 10:05 &4 [ﬁﬁg[ﬁll@lﬁ%
Ft (TPE) - HiL 17 > *szﬁﬂim[%%<%Mm>ﬂ%kﬂ$ figs
PEBIE RS 'EﬁIF'J A [T > o A ] I%U??L &= Urban Castle Kawauchi 3]
Eifie B~ ﬁ'”ﬁ” L tﬁﬁg‘.pjii {3t > _Mr. Rana Syed Masud 1 HF[%&
o BEBURL - SE R PR T AR R TRl B e
PR - 9 FJ 22 FUS = e s J*&“ﬁ%ﬁﬁ ANA fii % (ANA 3161 Tﬁ')%
42 (Komatsu)fy - $53- R R 21 H S BREEY G ERpLE -
i 2 EVFPR] C-14 ﬁﬁ%%@ﬂrw 10 | 3 EIT T 4:15 }Ffﬁﬁfié@ﬂﬁiﬂr’(BR 117 7=7%)
T EERBIT  [pIEREPE RV

“*Wf*$ﬁlﬂ$“ﬁﬁ:%ézﬁﬂ%ﬁaﬁﬁﬁ%

(7 ohL T 539 E s [ 1 L SR B 5t
E;*?ﬂm Ut A N TJJ*‘\*"&EWH’“E@‘«EJF i R [ RE = ]
PR B S AR (5 S L o A PO B -

%kﬂﬁquT%ﬂwﬂﬁ%ffﬁ>ﬂﬁﬁwwﬁ BSR4 Bl
TSI AR X AR O LR wpth:ﬂfw@;w
{%gﬁ[ » 15 [[ai_FpJ’FfJIZI“FFr 3 |[41‘ETJ1$\’JI”J° =) |[ﬂ’gJI”JUHIu o LHI%‘} j\u,[*k
?j FheRI v R SFERT A 2 R LRI ﬁ'%}%gﬁfﬁ ' f‘fElFlEﬁfdrﬁq

J ot I R TJJ*‘\*QWEMW YAESOE R > = AT AT A A E] 6 W‘i

o ermuHﬂ)HﬁWERPW%ﬂw%b ﬁ?“ﬁﬂwu
gma lgi]u*‘\“ﬁ”ﬁi% Al EJ rfw‘"ﬁ“%“%“ﬁé J\%Elv’mf’?bi' prp
Fepl B R R ﬁ*ﬁ Tt »ﬁg%&t
fy Aobayama(EFFJi%p[)ffiEa » £, 10 % ﬁﬁi;ﬁy%j S A T ’ﬁié'ﬂ%?&ﬁ:mj
#d(Department of Quantum Science & Energy Engineering) & 4= %ﬁ%ﬁ\lﬁﬁﬁ ) q%\': Eb
B R[S RIIR T R SR8 o Seiryo(k PR)FE L F) 7 RS~ BRI - Amamiya(F:JFI['ﬁ )
WE&‘ F U] Eﬁgﬁ Kawauchi(’[[[* [ 64 F | %%Sﬁﬁ . f"fﬁji"?ﬁﬁ . Hﬁéﬁﬁﬂ . EWW Eid

o PRSP (1 A 2 o B SR s S
m%iyﬁ%ﬁﬁ%mw [l A S [ SRR IR RS A -



. IR Kitayama
N » Sin. @ Aramaki Elementary Schonl

3 . -
SN < 5
A %% *

® Rinmaji i3, T,

Tohoku Fukushi University Tamgis
L]

SN ! Acha Shrne @b%
E.,@a"lo &
JR Kuninig e ) | s,
SR K,
Uiz
P Osaki Hachimangu sty af
- Shrina
|ya .Emr\ummm\-&ng5
@ Miyagi University of
Edu:nho.nmllahd
:Iunlobﬂumscnb-su___‘__
@ MiyagiDagchi :
- le:g _
mu?&'g"ﬂ WEhokEl Gakuin
Oan.nvs uw Hight Schocl
igh e
=--____.....,,______‘__ Sendai i N ‘] [lﬁdom Bridge
AN T A e
(T——r-ald__| @sendai Daini

High Scheel

"
Yagiydima Banry Land
L] i
Wagiyarm Zaological @ of Date Masa
Fark ® ohoiu
—=Tahdh Instil Braadcasting ¥ Miyagikan a
af Technalogy Enginaring oo s
High Schoal yilar b3

una)

@ High School attached o
Tongku Institute of Teshnology Hirase Rivet
SahdglMIkaiyarna g
igh Schoal




ﬁﬁf;& (2003 & F[ (=554 ) » KT 1983 & 7 [ IR P50 eV T4

CFREE D CYVE S BRI 5 e A ?Wf&
II’JIU'“F'I > 20 F fE- T[] Er r“‘”ﬁ”ﬁ B Yo Rt - o E SRR
Flfflﬁiﬁ USRS N R T i ok B UR BT é@iﬁﬂ'ﬁ?ﬁmﬂﬁﬁﬂ’ B (Y )
H 102 By PRI T “ﬁj’ 52 R o = FHHFRL JF'ZZFHM*[W%CN%'?&{TF i
TS| R OB B AP BT B 2 B Y
- }7% '/Flf:lf’?ﬁn%‘féﬁ’ﬁl' T B ﬁ”%%iff'/iﬁi@rﬁﬁ@w 1#@&' B

£ [jF JEJT[PV ,:EhE Jﬁg%:? %Ljf/\fhﬁaaéajjb (l:r[, ’:Ejﬂf’\ ??EIP EF#? —[,T‘gHij/\

% S 5T R [ YRR PP M BLRERL F SBf rJJ:EF4:g, [jF;ti,ﬂy‘H 53
BT [y {415) BELIT () JfE 2 OV S PR ) B
T B = ﬁﬁi“w\ﬁ:ﬁ?@ﬁfj?ﬁ E'?EEE”E TFH F ’?Wﬁi BRI £ B
PR 1P > B B L 25 m e -  B f) ;[ﬁ i Sk (IS 59~
ﬁ:ﬁ}@? SEE AT B BRI AEE) Ar—é E!E!?a_l[&[: [ﬂku,gﬁﬁ",‘ifr_” TR [PER T
A~ Eﬁ\ﬁ’i Ex 3’%@‘1@4? s Jiﬂgq 52 V?[ﬁ/ﬁ JLEIJ,@L«HI » SEPFHRA| 5) EER
NN p = [gk °

(j,ﬁf’vﬂ[*&kﬁﬁﬁ;?y [| jj;ygbwq;rg £ F[JEJ;[Q%% (& % Ffﬁéﬂ
B 5~ B SRS ) 0 R (RIS SR ) B L LA RO
5+ [ R ET R SH P ] E  T Il 2 E S A
FOfEHTR COPTERs (i =] - 29 - ﬁ'ﬂ? RIS o ety m@irwﬁf@@ W R
[“E A [SE O WS GRS R BORITT) S BT ATS -
(= TR F A | R Hﬁ?ﬁlﬁ; » PSSRl F &'z'ﬁi‘ﬁ Jf:l%' [T T ?“ A
Fiﬁ\p Jf:lﬂ_jFJ ) iHF' FES B 2007 =+ 5 F| ATy = W ’’’’ [~ (GNEP > Global Nuclear
Energy Partnership) #7111 « S0y » Foiats ] ;f_}wvlf %@ﬁrwﬂﬂﬁrﬁwﬁﬁﬂ »
el A FE 5 B 1 e T Wfbfiﬁ'ﬁl ’ E' (R A A N T
PRI AR Rl R 02 ARG AR AR 1 646 - 51155 MOX (mixed oxide of
Puand U) %] » [FHIELE 4:EINT‘Z‘EFE(PUREX %) e

AEB S A DA DA R 1005
i o E'HIJF’?E ”Jszr‘j} *ﬁ’*ﬁﬂjﬂfﬁ”ﬁf LA (ERIT R B
Jgﬁ”’ﬁﬂ ﬁiHlﬁFE?Pwl%F’ I rﬁ?ﬁ%ﬂ"@“b@#l AR [@ﬁuﬁua > PR EEEL
= l_‘rfz“n.fﬁl [P BT GNEP Fha 1] 1 f?rjﬂﬁr f stl@’m lﬁT A=t
FIGHELFI e BT SR BT WE] | AR R Narzb[pnqsrl
FHRAOTETE T S o SRR w“'hmwﬂ VFIERAR | R P PR
B ORI R (R DR S K
Advanced-ORIENT PG| - F1IF 1A JAEA W fud™ S H [ v g,
EF[T ORIENT £ Advanced Optimization by Recycling Instructive Elements Cycle [~
Bkl 78 - ?E'E P (trinitarian research) » - J[JFAE R 7 Sk 5] Eseparation) -
FyiEg (transmutation)== [ (utilization) - 5 B! & ﬁ[’“‘fﬁ{'ﬁ; L EI(IXC)Z— [H{™pY
%ﬁféﬁi TV(CEE)YHW R - Q%W“Iﬁ FAPIR U AE | 2 Ei(defined nuclear rare metals
NMRs) » H {[1 31 767 % 575 NMRs o 75 F | 22 SR POl o S o5 g

4



[F“q;p[ f’F:[IEi B E JTU E{;ijlgﬁ %[E Ui e e F F:}Iﬁ/gljlﬁ}m%]aw?]@ifi s &
TSP HASIRIT o 50 S B T U8 D o SIS £ )
[ BB S o BT AP R A SR | R JW}?W%EM HEPL PSR R -

Advanced Optimization by Recycling Instructive Elements Cycle
l:" s Spent fuel
I

X-Cycle _
=20 L R

LFP Runm I

N
- Electro-
by Inor n e Catalyst
Se S orga = b ity
= _"' N Fxcl Mﬁrudur
{\\I olo ].‘c Separ !Iu it Elution on k.xchs "“" Reuse of Filter R{_‘ac[ﬂr

g

200

“Cs rrxcm}, Separiion RMFP R_“_"_‘ ey Ru.Rh.Pd, fop
by CEE i3 5
135Cs 1370g .—-"m :, -E \4
Transustation) Pd 15/ 107pd
Pd. Ru. Rh. s
i IXC(III) ! I Tc. Sb, etc T-.:l Application as long-

Ived Te battery
Catalyst after
Transnuration

BTe(nf) " Ru

| 17 \_meci MAin An

A Separati
Applicatwon for SpaTaLLA
Heat and'or

Radmtion Soarce

Purification
Process

by IXC

Application for
#eTe Source

Ln
Other FPs ; &, Stuategic |
. o : for Heat ( orv) " Suzuki Ozawa
(Near Surfice and/or Apphication for Heat (Sr battery _ Materials |

Deen Repositony) :  and'or Radiation Source

ﬁ%ﬂ} Advanced-ORIENT r’ﬁrﬁi =4, ﬁ%\‘

H Fission . Defined Nuclear He
Actinide
Product | Rare Metal
Li | Be B C|N|O F | Ne
@ : Rare Metal, M : Atrifical Radionuclide
O: Stable, O0: Short Lived (T1/2<ca. 1y) -
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® NaAIG (0.75 g)¥" DIW (50 mL)JEA 1 » WY iEi Pl # LA
14 2 [ -

® Iy T (7285 e kS (Glove box i~ B3, XRD,
SEM-DES, FT-IR :ﬂ%ﬁﬁ[_\ I FTERE")

9/4 (=) ® XV 1g iz TOA EI PR RTRE 0 S
B0 NaALG -
® " kneader Fdy A o3 A1 IS 0.5 M 200 mL (1Y Ca
(Noa)zir,"ﬂi

® iR~ Uk (dropping tesAEf + If R R I
NAALG-TOA 5" FIETBsRes mE" “’fﬂﬁ Thi- Hfast
F‘rﬁ]ﬂxé’? 0.5M 200 mL pv Ca (NO3)2¥FL{"§F§]?§F iﬁi}?p{—ﬁ

r

= o

® % 50 mL f NaALG-TOA = ¥RV i » K (LI5S — JEE
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9/5 ()

- Egc *”:’Ff’ffﬁﬁﬂif%ﬁ%gt@ Ca(NOe,)ziF“?Jﬁm%ﬁ '} DIW
TEPE 37 ﬁﬂri*i%fﬂgfﬂiﬁ IR 3 hrs > Wfﬁ[’*?ﬁl ’
'] 30 ", CHHfiz 2 = o

il batch experiment (uptake rate) 1 A1 [ Ei & e
1#{?& :10 ppm [V Au, Ag, Pd, Pt, Rh and Re H 6 7 & FfEE
=747 0.01, 0.1, 1, 3and 5 M HCI [ stock solution - ﬁ
mL -

9/6 (1)

SR N iﬁﬁ&?@?'ﬁ%ﬁ%ﬂ B AL ST Ry ) [
Groups : (1) HNO3 i?ﬁfi : Pd, Rh, Re or Ru=* (2) HCI
i?\f“rfz : FA‘ Au ~ PtorPd %Lﬁéi?\fﬁﬁ » PRER IRV S HO,
TR AR - 75 B nuclear reprocessing o s E £
industry fiv electronic waste ik & o

IV TOA-MC 50 mg (from Mr. Rana, 04.07, 2011) > 53|l
U R S EEAIFIE £ B RS U HCI RS mL
RV PRI A= T

ATV TEVA spec. resin 50 mg 7j4E8+ 5 fffiﬂ%@g*‘

2V NaAIG (L5 g)%* DIW (100 mL)JF{1i » K fE =i 351
It L:ijﬂlg‘zjlﬂz °

R WEREER - Y 0.5 M 400 mL 1Y Ca (NOg), 1y
i -

/7 (+)

SR AR = S IEESEI R Y batch method B4FT 5 &
TV SRS 1) 9/14 ') ICP-AES 53 #7 Au,
Ag, Pd, Pt, Rh and Re 1 6 78 & & JE 4 -

£33V SR R Sz CaALG-TOA » 2V Pl
£, %58 SEM/EDS/XRDIFT-IR 55475 | o FIgR[1Y
CaALG-TOA *T £ 1T, 1.4755g i“’r?{*’{lblflg"';‘zlgfj 0.1M
HNO; i?ﬁfi ’ ?Efﬂﬁﬁ 148 mL - Fﬂﬁlﬁﬁ# fﬁiﬂHél 5J—r—|}|§ﬁ
Tk o

7V 29 TOA (Wako & Tokyo chemical)fli i I') F—" =1 7
Eriz o il =1 EHEBIAY NaALG -

K kneader 485 7 5 IELATI(15min mixing & 5 min
deforming f§5) » =5 5% BB )b i 905 -
SLA ] - ST R IREVENH - ey 2 pJ
TOA-CaALG fikify(F43 W@ﬁ ﬁlrg o

23K PR A

9/8 (F1)

Iy R MC @ ST R TOA-CaALG &
Ca(NOs), iﬁ‘lﬁzﬁ} B2~ T DIW e 3 - v i 1
FURAEZ 3 hrs > 2ok f AT > 1] 30 % C AtHZ2
By I MC = BT - 1947 0.1M HNO;
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IS TOA-CALG ) DIW FFEBF-% % 21 150um
O PUAHATEIR » K TOA-HALG I il i st
3;43hrs ’ ‘j" FP‘LE[U'?*E[ ) | 30%& C)—_ﬁiéz_\ R

9/9 (—) ® [ 0.01,0.1,1,3and 5 M HNO3 [ stock solution > ﬁ
50 mL -
®  [i#] batch experiment (uptake rate) JELF1 & F;E#—?L%ig‘,
Ifk © 10 ppm f¥ Rh, Ru, Re Mo and Pd H 5 78 & &+ "
0.01,0.1, 1, 3and 5 M HNO; .7 stock solution » f 50 mL -
D] H[ﬁf I TEVA WF 2 TOA-MC 50 mg (from Mr.
Rana, 04.07, 2011)k% 3 U [ﬂ e A HNqufFLFfzS mL =
R WP A2 T -
(=) Characterization of TOA-MC :
1. F'5% SEM/EDS 55 #7 > %;Fﬁ[!,&@ :
® 45 0.1M HNO; iﬁmﬁiﬁ%ﬁ@w TOA-CaALG
® TOA-MC (from Mr. Rana, 04.07, 2011)
® TOA-MC (from Polly’s 1% #J{*= » 5% 0.1M HNO; i?\;“zrfziﬁiﬂl
Bl i o HOH APz S TOA-HALG -
2. FHY FTIR ﬁiﬁ * KBr iﬁiﬁm%‘“ PR BT RSB A,
ffpis
® #1. NaALG (starting material)
® #2.  TOA-CaALG (before 0.1 M HNOj3 treatment)
® #3 TOA-MC (from Mr. Rana, 04.07, 2011)
® #ATOA
9/10 (=) ® 1. hﬁiﬁﬁ [V MC : CaALG-TOA T E| £ 3.785009 » - 327?%*3[!
E“' 1%+p~ 0.1M HNO3 1%& ’,@’E'%;fﬁ 378.5mL > VF['T%I@#
%’giﬁﬁpf&; ST -
® 5% = [ FTIR 737 > 71" Excel ]"":ﬁ‘ﬁ}fr’? o
3. KA TGA ?f:%ifﬁ[hﬁ} #7(3 hrs/per sample) : ?f%ifﬁ[!, EL A A% 0.1M
HNO3 iﬁ?ﬁﬁiﬁiﬁlj%j@#;l/ TOA-CaALG = TOA-MC (from Mr.
Rana, 04.07, 2011) -
9/11 (=) ® EWSAY- [F TGA fr;;zﬁw P ﬁzﬁ £% TOA-MC (from

Polly, 09.10, 2013) - 1% Pt H{4 -
4. XRD 7j#r: ﬁfﬁ[}, Eﬁﬁ? 0.1M HNO3 iﬁif&iﬁﬁl%;‘@ﬁ/
TOA-CaALG 77 F gl &> FF# Efizi o
® |fit-SEM/EDS ;}ff’? ﬁiﬁ £% TOA-MC (Polly/Rana)
(=) Bath experiment using TOA-MC
® [ 0,1,2,5 10 ppm [~ Rh, Ru, Re Mo and Pd 57 &
B FT 0.1M HNO3 .V ICP-AES @Lﬁ:&ﬁz}iﬁirfz °
® [z 0,1,2, 5,10 ppm fiv Au, Ag, Pd, Pt, Rh and Re H 6
8 & e 0.1M HCI 7 ICP-AES %%W}i?ﬁffz o
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9/12 (P4

® £ F{icl ] 10 ppm fY Rh, Ru, Re Mo and Pd -H 5 7 & s+
¥~ 0.1M HNO3 ./ ICP-AES @‘\ﬁ:ﬁﬁid?ﬁrfz 50mL -

® i|flt"NaALG I/ TGA Ji#7 -

(P4) Column experiment-chromatography TOA-MC vs. SHLLW

® Degas of TOA-MC : IV TOA-MC 2g (04.07, 2011 & 10.09,
2011 from Rana): ?El;?nﬁﬁ [l 2-2.5 hrs. = ZE= H SRRy
L e e e S LI T P

° %Iﬁ%ﬁfﬁifgﬁ%fgﬁéfﬁ% : (1)) DIW JHEE column tube =i
FOED] - #ERD air bubbles & + - (Z)F%i{g%ﬁﬁb 0.25
mL/min : J‘}?:T‘i':\j‘ J’EEE@T{H'?@E% > 2 I EER]
Il speed controller r%{fr,% sample uptake 3% - (3) SHLLW
adsorb on TOA-MC column: 2V 0.5 mL simulated high-level
liquid waste (SHLLW > PJFA», 28 #Eiv Z) » I'] autopipette 5%
W2 column By i 7= TOA-MC [&7] > fg‘ﬁﬁ%jféﬂ £
overnight- (4) H,0 elution: 7V 4 3 test tubes; 0.1M HNOs:
IV 5 -l test tubes: 1M HNO3: 2V 5 L test tubes; 3M HNO3:
v 6 £l test tubes ; 5M HNO;z : 2V 10 1L test tubes © (5)filif]
0.1M, 1M, 3M, 5M HNO3 100 mL Er’,’]"':—ﬂ'E ']'EI H[f elution
solution -

9/13 (1)

® Jj =My~ » 5T VEIRY MC TOA-MC [1 oven il
% Wfﬁ{ﬂiﬂeﬁé#ﬁﬁj RS Y 5 1H(09.13, 2013) -

® ICP-AES operation and measurement for all elements of bath
experiment.

® i 0,1,2,5, 10 ppm Y Rh, Ru, Re Mo and Pd H 5 7 & i
s 0.1M HNO3 7 ICP-AES ?FQLEWEQEHER(RZW.QQQ)O

® ;M batch experiment (uptake rate) !/ JpLA 12 ’Ej@féig\,(rfz 110
ppm f~ Rh, Ru, Re Mo and Pd 4 5 7& & Bf#Es=" 47 0.01, 0.1,
1,3and 5 M HNO3 [ TEVA ﬁﬁﬂﬁ? TOA-MC f‘, 50 mg
(from Mr. Rana, 04.07, 2011)3?_%37\ [ﬁji,%@ Y HNOs 1#7
e 5 mL R R kU - (PS] ER A
TOA-MC ﬁ‘/ TEVA resin = HNO; i?ﬁfﬁiﬁiﬁléﬁﬂzﬁ??}f
U ﬁyﬁ@ﬁi’  HERIZ 5 1CP-AES A 2V .l )

® ;7 0,1,2,5, 10 ppm Y Au, Ag, Pd, Pt, Rhand Re -H 67 &
BIEEHS 0.IM HCI 7 ICP-AES ¥R T-pliasl > (f= 47 Ag
gt > g F R*19>0.999)

® ;v batch experiment (uptake rate),jfiﬁ.l%pf Ig& Fgﬁ?«jé%
Ifk © 10 ppm pv Au, Ag, Pd, Pt, Rh and Re H 6 72 & s
¥-0.01, 0.1, 1, 3and 5 M HCI ¥ TOA-MC 50 mg (from
Mr. Rana, 04.07, 2011)5% F5 [r—,ug@ Y HCI i?ﬁfﬁ 5 mL

OBV | 7 S HBRRE - (PSIF AP TOA-MC =2
9




HCI i*ﬁ?fﬁiﬁiﬁ' i RR T H ﬁﬁﬁﬂ%ﬁ&i@ » ERG [
ICP-AES ff%‘;Fﬁ#IPB?Vd/ “FT[TE'%‘.

® Stepwise chromatography:H20 elution: 4 £ test tubes > 80
min; 0.1M HNO3 : 5 43 test tubes > 100 min; 1M HNO3 :
5 fal test tubes » 100 min ; 3M HNO3 : 6 - test tubes > 100
min ; 5M HNO3 : 10 £ test tubes > 200 min - %\]H@Eﬁj
'Eﬂi,L%T—’lo 'J‘Eﬁ (600 min ; 30 test tues) -

® '] Excel %ZE! JAEA SHLLW ViR TR » 20 U524
target elements

9/14 (+)~9/15 (}') | Data analysis for TGA/DTG
9/16 (— ) ® [iFrE. Stepwise chromatography . test tubes [I¥ sample
e AU B codes -

R

® KT v NaALG [V TGA J)fradii ;'/E“,%“é'\q{a\'"ﬁj%#ﬁ;:'
il > EIPTR| 5T 2% NaALG 1 TGA ST -

° ﬁ’gﬁgﬁ Rh= Ru ik AAS %Lﬁ:&iﬁ?fﬁﬁ} Wil HNO3 == HCI %l
TR 75 I

® RfFTE] SHLLW VRUER [ [EVATE | 7 Sy T [NRE 225 50
KE HFEEERS S [0S B I F|[ ) ICP-AES 55 47T target
elements -
Gl:Ce, Pr,Cr Y
G2: Eu, Se, Sm, Nd, Gd
G3: Re, Fe, Mo, Ru
G4: Ba, Zr, Sr, Pd
G5: Te, Ni, P, Rh
G6: Ag, Cd
G7:Sn
G8: La

® 5inY 30 test tubes V7% 5 No 1-2 tubes: 40 times; other tubes:
20 times

9/17 () ® i) JAEA diluted stock solution( *100 and 200 folds;
73 [H[J?‘,?V I1mL=20.5mL > I'] 0.1M HNO3; 7%= 100 mL)
® [ Argas Bx[s M [E ) ICP-AES 75 #T JAEA SHLLW30
test tubes ./ G1 (Ce, Pr, Cr, ))& -
° [F[J_: ﬁf"ﬂ?iﬁéf, Hr e Ad 22 %% (column chromatography
experiment 9f)
© SR F T -
9/18 (=) ® '] ICP-AES 7/ JAEA SHLLW 30 test tubes ./ G3 (Re, Fe,

Mo, Ru) 30 test tubes + G5 (Te, Ni, P, Rh) 30 test tubes == G4
(Zr, Pd)iELE 9 test tubes © (I 152 %G sample uptake tube &
%+ plasma VUK 3%) o [ FTRIHE TR AL ¥ )

10




P sk U FE T E7>0.9999 -

=22 ORPFY -~ Ranasan ﬁﬂ‘ﬁ—ﬁﬁﬁifﬁl (1) TOA-MC [V particle
size distribution 75 #re*1"] Digital Microscope 2V {* particle
counter - (2) £y EF?J TOA-MC [[fif Au Y Re » }ﬁ,ﬁ%@ (w4
200 ppm):£ = bath method i< > jif TOA-MC iz > I'] resin
JEE [~ U o F]R] SEM/EDS 53 A7 cross section
' 31 insde & fESH] > TP fETV  EPMA -

9/19 (pH)

10:00 = ?ﬁ N5 2% Takahira & Bh pY Institute  of
Multidisciplinary research for Advanced Materials (IMRAM)
[ 4% © Dr. Nobusaki Sato, Dr. Akira Kirishima » 5]
Fba -

T 55 I Digital microscope 53 TOA-MC [V i » 5
55 *H;.{J{ngd o

e 5:30 ff?ﬁgﬂ ﬂ@gﬁ’,ﬁﬂ H4(QSE)p~ Dr. Arsushi
Okamoto ¥ > ﬁ%ﬂquﬁ Low temp. plasma Eiﬁﬁﬁ}ﬂf,
diagnostics H4EAE! -

9/20 (=)

I'' ICP-AES 77 v Stepwise chromatography ./ JAEA SHLLW

eluated solution [V G4 (Zr, Pd) 10-30 test tubes ~ - G2 f&3¢

i?\\‘&*vﬁ} EIAL(EU, Se, Sm, Nd, Gd)==,j fr 30 test

tubes > {fI Se ok {7 E¢{E>0.999 » FiI'| hydride generator

I 7§1F, S S EREIIEY) 30 test tubes =B 9 test tubes

== Prof. Mimura * Niibori grourp’ﬁl%ﬁ;i - [Fljﬂ’lﬂﬁ °

Jrﬁf_ﬁ,' ICP-AES /) # Stepwise chromatography ./ 7% S &4 Gl
y ¥ ['qu\l o

iW P P -

pm 5:00-7:20 = = Ff55 ;r—zﬂ‘% Stepwise chromatography /&

A > 2 PR P T (USSR -

9/21 (+)

R A

9/22 (1

E['ﬂllf}[ﬁ;'m%jﬁ%i@ ANA Jii 2= (ANA 3161 Z=%)= |47
(KomatsuyEs# - fﬁ?‘@%iﬁﬁf PP S T o B
LR f“‘ﬁﬁﬁi@ﬂ 2L AR -

9/23(~ )~9/26(]")

APSORC’ 13 in Kanazawa

Visiting researchers in the Kanazawa university to study C-14
analytical methods in the environmental samples and bio-based
materials

9/27 (=) - e Azl “J)ﬁé&ﬁﬁ* e ANA jii 2= (ANA Tﬁ)ﬂpw 5
# > Aa/( i Urban Castle Kawauchi = f; -

9/30 (= ) B0 AR F%E"[E?;t

1011 (%) B DRI | SRR AT (B~ BeAT i) e A

11




10/2 (=) _T Column chromatographic separation * |5 MC 3%/~ SEM/EDS

10/3 (1) S EIRE A - o I I 1 e e

12




() RSP (SR AERRP)

1. TOA f%(ﬁ?jgéﬁf@ﬁﬁﬁ(Preparation of TOA microcapsules)

TOA (tri-n-octylamine): 1g
NaALG: 0.75g (1.5 wt%) Liquid type, tertiary amine
in H,O: 50 mL Weighed directly in the
Shaking overnight electronic balance

Mixing in a kneader
15 min mixing and 5min
deforming for two times

Ca (NO3),: 0.5 M (200mL)

a e
Mix and deforming after ~ After shaking overnight Gel, leave for 3 hrs

adding TOA in a kneader . Washing with H,O for 3 times
Spread on laboratory try

Dry at R.T for 3 hrs

Dry at 30°C for 2 days

v
microcapsules

Check the sample weight
Shaken with 0.1M HNO;
v/m=100; 1 day

y

Wash with H,O
Spread on laboratory try

l

Dry at RT for 3 hrs
Dry at 30°C for 2 days

l

TOA-HALG microcapsules
(TOA-MC)

ﬂ?ﬂ‘f' Flow chart of preparation of TOA microcapsules

13
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Before After

|

q%.jh Appearance change of TOA-MC after drying

2. Batch experiment for selective uptake of target elements in the medium of HCI and
HNO;

1. Adding TOA-MC 50 mg in 0.01-
5 M HCI and HNQ;, respectively,
2. Adding 10 ppm of each metal
ion solution into the test tube
Shaking overnight

. Adding TEVA resin 50 mg 1

0.01-5 M HNOs, respectively
2. Adding 10 ppm of each metal
ion solution into the test ty

V/m: 100 cm3/g; 24 h; 25°C..

[Fﬂl /" Batch method steps
14


http://youtu.be/XlTEAKsR6Vs�

> f*fgﬁgﬁﬁ?ﬁﬁ&@@egasing TOA-MC)
gj/Fl ‘%ZEKJWE@?V?%Z Y1 DIW » S e
oo e AN (v 1 o I ot

A

4. TPEWIEE AR i - @07

15



(@)

o ulll L

Setting the the i .
N9 rmos(,)tauc water bath Setting speed controller as 0.25

as 25 C mL/min
©

Loading TOA-MC (~0.5g) with DIW Checking the elution volume using
using pipette electronic balance (~5 mL)

(€) (f)

Fine-tuning using speed controller of Checking the DIW flow direction
peristalic pump

q%.H — Set-up procedures of apparatus for column chromatography

16



5. R A
@

b 7=\ Tubing pump
®) ®

Circulate pump

Fraction Collector

H%H ~ Apparatus for the column experiments (a) photo; (b) schematic

17



[f;.H = Photo of simulated high-level liquid waste (SHLLW)

%~ Chemical composition of simulated high-level liquid waste (SHLLW, 28

-

components solution, JAEA SW-11E)

Element  Concentrations (M) Element  Concentrations (M)

H* 2.5 Rh 3.39E-03
Na 0.981 Pd 8.66E-03

P 1.27E-02 Ag 3.45E-04
Fe 7.77E-02 Cd 4.67E-04
Cr 3.95E-03 Sn 3.32E-04
Ni 9.37E-03 Se 5.41E-04
Rb 3.64E-03 Te 3.57E-03
Cs 1.61E-02 Y 4.87E-03
Sr 8.78E-03 La 7.92E-03
Ba 9.72E-03 Ce 5.89E-02
Zr 3.61E-02 Pr 7.46E-03
Mo 3.06E-02 Nd 2.50E-02
Re 4.70E-03 Sm 5.10E-03
Ru 1.69E-02 Eu 7.96E-04

Gd 3.86E-04

18



) %%@ﬁjr,%
1. Characterization of SEM/EDS

-1 D@+ (@) B P -+ (b)53 155 SEM B 150 % 2000 {1/

P BT AT O.IM RACRIF] - AP RL 2 1 EDS VF B Ca fik

i e
(@ (b)

Miniscope0780 2013/09/09 1420 N D82 500 pm Miniscope0784 2013/09/09 1423 N DB2 30 pm

q%.H P4 SEM images of TOA-CaALG (before 0.1M HNO; treatment)

cps/eV

0.5 ‘
0.0 e e et i

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3?5 4.0
keV

[fI =+ EDS of TOA-CaALG (before 0.1M HNO3 treatment)

(@) (b)

2013/08/09 1457 N D79 500 pm

[Fﬁ - SEM images of TOA-HALG (04.07, 2011)
19

Miniscope0787 Miniscops0791 2013/09/09 1500 N D79 30 pm
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{15 2011 & ¢35 TOA-MC » [11 EDS 3i'% [ #[1[ 5% Ca i SRS TR
HEGRT T OAM A =5 2 ettt Ca 7« 4 Fkeiglif. /Wéﬁﬁﬂﬁ | A3 700pm -
i 7 o A 1 TOA-CaALG %= TOA-HALG (TOA-MC) EDS 7 355 5T Fi &l
Fio0E= 2. 1) 0.1M fliF&[Ei#5: TOA-CaALG » Bl gt » et il Ca 7 ikt
g B

cps/eV

----------------------

.0
0.00 0.5 10 15 20 25 30 35 4.0
keV

[FﬂH ~ EDS of TOA-HALG (04.07, 2011)

2013/09/091520 N D81 30 pm

2013/09/09 1517 N D81 500 pm

Miniscope0794 Miniscope0798

[+ " SEM images of TOA-HALG (after D1 drying at 30°C oven)

cps/eV
5
4
3
2
: 2
0 |#||||“!-|—!—
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

keV

[+ 7= EDS of TOA-HALG (after D1 drying at 30°C oven)
20



%~ TOA-CaALG = TOA-HALG .V EDS ~ ‘ﬁfj '[Fu'?,
le name TOA-HALG
TOA-CaALG
Element (wt.% (TOA-MC)
Carbon 48.34 55.43
Oxygen 43.02 44.24
Calcium 8.63 0.33

2. Characterization of FT-IR
[ﬁ[: =24 = e

" C-0: 1050-1150 cm!
single bonds only

|

C=0:1630-1780 cm’!,
strong absorpuon

% Transmittance (A.U)

O—H (alcohols, hydrogen bonded):
$200-3550 cm1 strong

4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wavenumber (cml)
Q%ﬁ': 4 FT-IR_NaALG (starting material)

N

[CH5(CH,);15N

~ N

N/\\/’\

b : Tertiary amines have no N-H absorptions!
v

2800-3000 cm! C-H (sp? carbon)
Strong, broad and multi_be

% Transmittance (A.U)

CH, bend: ~1465 cm! CH, bend: ~1375

H-C-H Asymm
& Symmetric Stre

4000 3600 3200 2800 2400 2000 1600 1200 800 400
Wavenumber (cm™)

[ﬁi: 4 - FT-IR_TOA (extractant)
21
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[f;ﬂ‘: o :?ﬁ%ﬂ: 4 = JTHIFEHAE 0.1M ’@ﬁﬁfz&?ﬁﬁﬁﬂ TOA-CaALG ¥ TOA-HALG
(TOA-MC)p™ FT-IR *Eyﬁ:ﬁlﬁffﬁ T s > ff Iiﬁﬂffingerprints 1 FA' Ry HY TOA-MC
TR Kb U T TSl 5 9 G B

Caliciamn alginate gel pobymer

L - S e
, vy ’
5 '
3 w A

g
a0 ) deoplet aof TOA

)

% Transmittance (A.U)

4000 3600 3200 2800 2400 2000 1600 1200 800 400
Wavenumber (cml)

[ﬁi: 4 Z FT-IR_before HNO; treatment

Calcium alginate gel polymer

C=0: 1630-1780 cm™,
strong absorption

C-O: 1050-1150 cm

O—H (alcohols, hydrogen bonded): single bonds only

3200-3550 cm’!, strong

% Transmittance (A.U)

CH; bend: ~1375 cm’!
CH, bend: ~1465 cm’!

2800-3000 ¢! C-H (sp? car
Strong, broad and multi-banded

4000 3600 3200 2800 2400 2000 1600 1200 800 400
Wavenumber (cml)

q%‘.': 4 = FT-IR_TOA-MC (product)
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3. Characterization of TGA/DTG (Under air at the heating rate of 10°C/min)

= A PRI IGA B PRI DRVEE (TG)= BB 1 (DTG) S ATl > pHIRTFI PV
FEENERRE £ 26-180°C > FIEHEMRT 12% » F=E31 -f~(dehydration) > jE - 200-520
Co BB AT 50% » Kbod i ~ e~ o FW?EL@ FlF[ = 740°C Wi’iﬁﬂj » B Na:CO:s
W VR T 860 °C 1) EEERERPIIORE - EIRHERAY 20% < [ S 208D
TOA-CaALG VEFRENE 7 1 » [l VR TP SLETIE ISR A5 0.1M il E) -
?ﬁ‘: 4 A= A =P £ DTG e lsi&il % o

100 600
90 | 500
80 !
| 400
70 |
o |
£ 60 i 300 ?;
=
& 50 200 £
2 | A
2 40 ! ! 100
S 30 D h
A , - — ’ \ - \ * 0
20 |~ Y (e .
T= T~ - ~ //
1o .. -100
0 | | 1 1 _200
0 200 400 600 800 1000 1200

Temperature (°C)

[ﬁ[: - P TG (solid)/DTG(dashed) curves of NaALG

100 80
90
60
80
70 40
& 60 20 g
g 0
2 50 =
|51 a
it 0
H 40
g
< 30 20
20 S eeommessee
-40
10
0 L L L 1 ! _60
0 200 400 600 800 1000 1200

Temperature (°C)
Q%ﬁ': =+ TG (solid)/DTG(dashed) curves of TOA-CaALG (before HNO3 treatment)
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[pi= A S = e R JEE 2011 =2 2013 F e BV EFRE ST A
B 4 2000C Bltuglé%;rgfﬁ# S0% » 1=, 53 B ~ [0 i o iy Wfﬁ L/ 800
120000V ETEVRERF 15T EHEE 10% 0] 0 B Wﬁ’ﬁﬂ@:t RIS 3 VIR -

100

90

80

70

60

50

40

Mass fraction (%)

30

20

10

0 200 400 600 800 1000 1200
Temperature (°C)

[ﬁ[: -+ # TG (solid)/DTG(dashed) curves of TOA-MC (04.07, 2011)

100 250
90
20 200
— 70 1509
< 60 3
=]
2 50 100&
3 ()
‘ﬁ 40
2 50
= 30
20 0
10
0 1 1 1 1 1 _50
0 200 400 600 800 1000 1200

Temperature (°C)

[ﬁ[: -+ = TG (solid)/DTG(dashed) curves of TOA-MC (09.10, 2013)
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4. Characterization of digital microscope (DM)
[f!I= 1 " £ TOA-MC 47 DM "~ Fu 9t il 5 [l f e RR RO Bt 55 1 > L4 31~
ﬁfj’ﬁ?i;’} a2 BI& (17 7540-770pm qﬁﬂl_: KR R ) fﬁj[ﬁ[ °

qﬁﬁl: - 7* Image of TOA-MC usingdigital microscope

2 3

5]
<
1

—
o
1

Percentage oftotal TOA-MC (%)
—
th (¥

L]
|

N N N Q N Q
AN I AR PO S I I MR\
Diameter of TOA-MC (um)

qﬁﬁ': - Jv Size distrinution of TOA-MC

Fraction

0.2

0 T T T T T T T T

Q0 Q D ® Q
(\'\a (\") \:\@ \:\‘) ,\f\@ \:\’\ \:\‘b \:\09 \fb@ \%\
AT A BT AT A A DT

Diameter of TOA-MC (um)

T
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q%ﬂ'_: - Cumulative frequency distribution
5. Batch method_uptake % at different concentrations of HCl and HNO;

[fil= - — £LF["] TOA-MC r%fﬁ%a o P IARNRE ERPLrAF o 57 Au(ln, Pd(Il),
Re(VII), Pt(1V) == Rh(I11)7 2 pJstz[in“ Eh@ﬁgﬂ F i B ’Au(lll)fjﬁlﬁ‘}[’iig—"@
FORSTIETE ™ R T T 100% < EP7 Pd [T - By iﬁ@ﬁiﬁé@%«l o
BREE PRI - i = A = FVAI] TOA-MC BXB R P [ANRE FPRIA ™
%t Rh(HT), Ru(l), Re(VI), Mo(VI) and Pd (I1)7 E&Elip%fﬂ‘”f}ﬁh?ﬁﬁ%ﬂ s SN R
Re(VI1) [+5 Tc-99 FFF442 » [~ S HTAH 1] 7% ) 1S35% (0.01-0. LMYV 527 o 1
= g iy (>95%) AP 5 Ty IR (3-5 M)FVRIERIEEF ™ H - ol
(<20%) -

100 - ——— A

80
3 60 ——Au —8—Pd —-—Re —<Pt —=—Rh
=)
[-*]
=4
£ 40
[=7
=)

20

0

0.01 0.1 1 3 5
HCI (M)

Q%ﬁ'_: - — Uptake of Au(lll), Pd(I1), Re(VII), Pt(1V) and Rh(lIl) by TOA-MCs at
different concentrations of HCI

10 ppm of Au(111), Pd(11), Re(VI1), Pt(1V) and Rh(I11) :V/m: 100 cm®/g; 24 h; 25 °C .

100
+—Rh —=—Ru ——Re

20 —<—Mo ——Pd
o\'g 60
@
2
2 40
<)

20

0 L Il

0.01 0.1 1 3 5
HNO; (M)

Q%ﬂ'_: -+ = Uptake of Rh(Il), Ru(I1l), Re(VII), Mo(VI) and Pd (1) by TOA-MCs at
different concentrations of HNO3
26



10 ppm of Rh(111), Ru(111), Re(VII), Mo(V1) and Pd (1) ;V/m: 100 cm*/g; 24 h; 25 °C .
= A = ERAIR TEVARSHTE T ] IFRR A PR - 35 Rh(1), Ru(ln), Re(VI),
Mo(V1) and Pd (11)7% s O IiF#fIAsUET s fLiA U RE - Re(VI) 7 18 (5454 (0.01-0.1M)
FORfPRIERE S o EPR= ol l (>95%) < AF~ 29> 5 iy i (3-5 M) PRI
HRfE 1 (<20%) - il Re = Pd S5 TEVA 5 RIS A [~ o i ihiscs
W 4 = R H R 9 Eichrom TEVA 1 (5 AR
TOA(tri-n-octylamine)#: :ﬂmjépﬁfj’zfg (1 D= A IO < [ = 2 Re(VI)
=% ?V%*J(TOA)&?FFJ‘EV%{’@T@ VIEHREF S ﬁi’g\mﬁi VRS D e

~

100
+—Rh —=—Ru ——Re
80 —=Mo —&—Pd
Same tilend with
“ —
g 60 that of TOA-MC
Py
LY
£ 40
[=%
=
20
0

HNO; (M)

[f;ﬂ‘_: -+ = Uptake of Rh(Il), Ru(Ill), Re(V1I), Mo(VI) and Pd (1) by TEVA resin at different
concentrations of HNO;

10 ppm of Rh(111), Ru(111), Re(VII), Mo(V1) and Pd (I1) ;V/m: 100 cm®/g; 24 h; 25 °C .

@) Figure 1 (b)
Triolkyl, methylammanium /\/\/\ﬂ
nitrate (or chloride)
M
e
N + NOgorcCl~
i
CH,

q\;‘qﬁlf 4 P4 (a) TEVA ?ﬁﬁﬂﬁ(b)TOA: Tri-n-octylamine; [CH3(CH,);]N f“‘%ﬁ’xﬁﬂ“ﬁ[ﬁ‘
R;N(,) + H" +ReOy (g, = R3NHReO, ) (Solvent extraction)
R3N(, + H"+ NOy o) = R;NH"NO; (Solvent extraction)
R;NH™NO; ) + 2Re0y (o) & R{NHReO, ) + NO;7 () (Ion Exchange)
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= 1 0 Re(VINZ3 JUHI(TOA) e kiAo 7
6. Chromatographic separation

[feﬂ‘} 4 4= = Ao = 55[[5% Ce, Pr, Cr, Y, Eu, Sm, Nd, Gd == Fe, Re, Mo, Ru, Zr, Pd,
Te, Ni, P, Rh Vi fliz6L o q%.*.lf A Al &ﬁfij} pU7t A5 0.1M fﬁj@kﬁziﬂl?ﬁﬂi » [ Re
e M R (RTF ™ Bl el » 0 e (g Elflf[ﬁjmﬁ?fﬁfl IR PR BT -
{2 Y= f@ﬁ?fﬁﬁfj fRrF™ o SRR T [ 5B R S 5L VR
= B%iﬁif&g[l% BERET AU E RS S 2] 55 BE sl

3.5 -
——Ce
3.0 - 0-20 mL H,0 —-Pr
20-45 mL 0.1M HNO,
45270 mL 1 M HNO, —Cr
25 A 70-100 mL 3M HNO, ==Y
100-150 mL 5M HNO, —<—Eu
€20 -
s
215
1.0 -
0.5
0.0 ‘
5 20 35 50 65 80 95 110 125 140
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(1) Three possible failure reasons in stratum of TOA-MC:

(2) Higher concentration of Ca of TOA-MC (04.07, 2011) may impact elution
efficiency.

(3) Precipitate of JAEA SHLLW at the bottom of tank (Mo, Zr, .....) may result in fine
and laminated particle at the top of column.

(4) The insufficient degassing time led to the air bubbles may not make elution
effective.
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for the Bekanbeushi (e), Ishikari (o), Kuzuryu (m) and Hino Rivers (A).
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09/05
Preparation of mix standard solution of 6 noble metals (Ag, Au, Pd, Pt, Rh and Re) in HCI sol’n

Au: in 1M HCI; Pd: in 1M HCI; Pt (H,PtClg): in 1M HCI; Ag and Rh [Rh(NOg3)3] in 2 MHNO3; Re
in DIW

sk Preparation of different concentrations of HCI

0.01M HCI=>» Take 0.0417 mL of conc. HCI and dilute to 50mL with DIW
0.1M HCI=>Take 0. 417 mL of conc. HCI and dilute to 50mL with DIW

1 M HCI=>»Take 4.17 mL of conc. HCI and dilute to 50mLwith DIW

3 M HCI=>» Take 12.5 mL of conc. HCI and dilute to 50mL with DIW

5 M HCI=>» Take 20.83 mL of conc. HCI and dilute to 50mLwith DIW

%10 ppm =>»Take 0.5 mL, 1000 ppm of each and original standard solution into above different
concentrations of HCI solution

Correction: The contribution from total volume of six mixed standard solution shold be considered.

1000 x/(50+6x)= 10 ppm=>» x=0.532 mL

09/06

Weight of TOA-MC (Mr. Rana, 04.07, 2011) in HCI solution
0.01M HCI: 0.05090g

0.1M HCI: 0.05003g

1 M HCI: 0.05003g

3 M HCI: 0.05017g

5 M HCI: 0.05013g

TEVA weight in HNOg solution
0.01MHNO3: 0.050569
0. 1M HNO3: 0.050369
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1M HNO3: 0.050169

3M HNOs3: 0.05073g

5M HNOg3: 0.05071g

09/09

Preparation of mix standard solution of 6 noble metals (Rh, Ru, Re, Mo and Pd) in HNO3 sol’n
Pd: in 1M HCI; Rh in HNOg3; Re in DIW; Ru [RuCl3-3H,0] in 5% HCI; Mo in DIW
sk Preparation of different concentrations of HCI

0.01M HNO3z=>Take 0.038 mL of conc. HCI and dilute to 50mL with DIW

0.1M HNO3;=>»Take 0. 38 mL of conc. HCI and dilute to 50mL with DIW

1 M HNOs;=>»Take 3.8 mL of conc. HCI and dilute to 50mL with DIW

3 M HNO3;=>»Take 11.42 mL of conc. HCI and dilute to 50mL with DIW

5 M HNOs;=>Take 18.66 mL of conc. HCI and dilute to 50mL with DIW

Weight of TOA-MC (Mr. Rana, 04.07, 2011) in HNOs solution
0.01M HNO3: 0.05058g

0. 1M HNOs3: 0.05013g

1M HNO3: 0.050049g

3M HNO3: 0.05042g

5M HNOs3: 0.05038g
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