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Development of ultramicro analysis technology for fuel debris analysis
(31)Mutual separation of lanthanides by extraction chromatography

*Wenzun Luo', Putra Rahma Andri'!, Chikage Abe?, Hiroyuki Kazama3, Konashi Kenji2, Suzuki
Tatsuya' (1. Nagaoka Univ. of Tech., 2. Tohoku Univ., 3. JAEA)
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Development of ultramicro analysis technology for fuel debris analysis
(26) Fabrication of simulant fuel debris
REOOMC, = ALY, RPN g, R R NME RER 2, HDE —Rk2, JkKIF BT
'NFD, 2#4LKR

WRELT 7 ) OB E AT EAN B R IZ B W T, W ALE I X DEREN/ NS WIEE O &S WEERE T 7 U 2
RAIRTH D, RFRTIE, BERICL->-TU I 2GR THEERET 7V 2/ER U, (EREF L RO
HREREL,

F—T—F:BEEBKT I, WLE, A=A T e A0E, BER

1. #E FEEAT T A~HEESH (ICP-MS, ICP-MS/MS) I, EksERBET 7 U o FB: & L CTHIfs
ENTEY ., ZOEMMELOOITIE, MilkE B ICHE LoBEiiet T 7 ) 3k 2 V72 RR LETH
Do ARFFETIZ. TIETIZEM L7 RE K OB O ERsr (U, Zr KOV Fe) . FP A4y (Nd. Gd) KO
a7 U — Gy (S 2 EHET 2HERET 7 U OERICI 2, UOLIZEET 5 2 L 1T X 0 5381wl o i fighl
HUCHEZ 52 5 RN H D CalZEH L, U-Zr-Ca BRI 21ET 5 2 L2 B9 L LT,
2. E?ﬁ%ﬂvﬁ“u DERBBRUVHEAE UMK, ZrO BiKEFE L Ca0 MR ZIRA L. JEM R OWERE 21T
LR Ny MROBERREN T 7 ) AR L, IREGREOFAIL, U0 (Zross,Caois) 02=9:1, 3:1 &
DT 11 & L, BERERPHAIT 100%KF (Tl 0 SiR) . BRI 1720 °C, HEREREMIE 4 BE & L7z,
PESL U 72 i k7 7 U 1k, XRD JIE, SEM B1%2 K O EDS 231 & 5Efi U, Lk & #f s & O O BIfR I
WTHAE LT,
38R XRDHETIE. WTFRORBGHEOSY FEOE— 27 RO b, SHFRmBEMHE > TS Z LR
MR shlz, £/, SEMBIZE (K1) BELVEDS orab, WTFNOREHZBWTH, HrHmidza<, U,
Zr O Ca DAGITHR Y B0 2 E DR S, ZrO2 B LV Ca0 1L U0~ R U 7 AHHZEEL TWAH Z &
PR S ule, ER L 2REHT . RIABINRIY KRR OTUN RN ER T 2B Rt sh i,

Ik BEE-COME

U02:(Zf0.35,cao_15)02=911 UOz (Zrogs Cag 15)02 il UOE.(ZIO‘%,CaO‘w)Oz:l:l

K1 U-Zr-Ca RIEHAE T T O SEM SREHR
B ST2EE, SEE, 4FE, SEE BARBET B REAE Rma e LR ORI - A
MBERHEEREE RET 7Y 5o d OBBESHTHEMTORE ] ORED—i%2E T,

*Toru Higuchi!, Yusuke Miura'> Atsushi Ouchi!, Yoichi Endo', Kenji Konashi?, Kazuya Idemitsu?, Yasuyoshi Nagai?

INFD, ?Tohoku Univ.
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Development of ultramicro analysis technology for fuel debris analysis
(27) Characterization of microstructures in a simulated debris using AC-TEM (1I)
EEEKT, R BT 2 RRMER L NERE] Y JKOERT L AR, Bl DA
PERAEREE, 2 RBRCRE:, NFD

WRELT 7 U DA pRs DR EE PSR P DHEE D 72 DI B 7 - ARG A TS T 5 2 L 2 HAE LT, M
FRERT 77U R E OBRALERRL T OREE, BEON (U, Z00KRET O Fe 7 7 A% —DF A | BRI
Al IE%5 1t 7 - BB (AC-TEM) & IV TR T,

F—0—F : BERET 7Y, (UZn)0,, @i 1B

L

. HE Fxk BafREKREB X OmeE wan}*]*‘z X472 Fe IRNN(U, Zr)O IR ELT 7'V /1 D Fe JR1 D
’\ﬂ‘ﬁb:?% H L. 3D-FIB-SEM fi##r 35 K OMREME X BROPHTIC Lo T, Fe R F3 & N D REARI O A1 X & BRIk
A2 3N L 72, SEICIRPARUCRERL S 4172 Fe IRAN(U, Zr)oﬁ;-ga‘sel;%ﬂ77 U Tl FESRRIY A XD KM HH9
LHRiIFR Fe 7 T A X — Z BRI 544 1E %0 1TSS (AC-TEM) TR #AL L 7=, 55 F0 5 4EFE1C1%. 2 @ AC-TEM
2T, it A DX 6 o& b RELS, K EMERBLIREED TR S 5 BL IR X CTRERL S 7 Fe
BINU, Zo)Ox BB R 7V Of i, RIRET O Fe 7 7 A X — O AT L=,

2. RER  EHEUEHCIT, LI T 20%Fe IRIN(U, Zn)Op B EL T 7Y (B3R PHAERL) % A\ 7o, BRI
FEM B E T BHIKEE (AC-TEM, ARM 200F)IZ & - C, IR E 1-#REIPT(SAED)F L OVF#4 2 I7E L .
(U, Zr)O BB 7' ) 221+ SR UTFE O Fe JF1 O SMAEEMRIT, Fe 7 7 A X —BlEZ 51T o172,

3. MREER

Xl 1(a)®> STEM F#E X #3Hric . A7 O-K Bt A9 Fe BAREMALIZ ERE . ZABRE ST,
X 1(b) FE DY X 1000nm LA Fe ffibkiZ SAED Tilidr L. ¥ 1(c) EBXIZRT K 9 72 FeO [Zxbitad 5 [H]
RN ROl —H T, (U, Zn)Oy fEfb R O/R T B/ N2 — 2 L DO 6. Fe AR MBRLIX, FeO,
FESLE FeOx, Mgk 7 AKX —I2 EML R DIRAMTH D Z LRI, X 1(c) FB D, AC-TEM T4
Mo Y, BN OMEL S 7 2 X — (Fnm)., FELE FeOx DR S, ZimiEaWEHE L, 20, FE L
TFe R TZ2EAT 2 MBEWNITIE. URTFLEENTEY ., 4%, SR EEEL XMLk o
IS TS %,

() EDS maps of (U, Zr)O, in H2(upper) and in 1%Hz+Ar(lower)  (b) Size distribution of iron grains

U[V

(€) AC-TEM analyses of (U, Zr)O, and FeOx grain

in H2

Number [counts]

S ~ o7, (b)Fe.z.ﬁf*E.E.ﬁ@
v e RN ORI

in 1%H2>+Ar

Number [counts]

TEM T8 (TE)

—————20um Fek C————20pm Size [nm]

AL, B3-S ﬁfi%ﬂ%‘é [5edn 2R LTI IRHAEAN - AMBERHEESRZE] o
WEgE BRI TREET 7 U 0t O 72 b ORI T BT OBRYE ] OIFFERER & & e,

*K. Yoshida', S. Matsuo', H. Kazama?, Y. Homma', K. Konashi', Y. Nagai', Y. Miura®, T. Higuchi?

"Tohoku Univ., 2Osaka Univ., *°NFD
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Development of ultramicro analysis technology for fuel debris analysis
(28) Mossbauer and XRD analyses of simulated fuel debris (I11)

R Rk, R AT 2T, R B, EHE R, RN B3, = thIL 3,
PEE e, e —idk, /N BER] L, KR RS !
VR RS, 2 AKRIEF- DRFFEBH e MAE  (FERBROR ) |, 3 A AKZIRRHBE JE kN 4
BETCIR IR T OBMLER R IR ITIRIR S ST EIRE T 7 U IZx LT, TFe A AT T =40t T
ST L. R U728k S o R 2 F5E L7,

F—U—F: BERELT 7V, 4% LKERIEEL(y-FEOOH) , TFe A A 30 7 —/435, X #RIaIHT(XRD)

1. ¥#8 a-Femis | ' '

BEE—FROBRET 7 ) oMRIZAL NE D Lok -
ROIRFIEF 7R E OFHRFOIF IR — ZAIIZIE
KELE DD, ZEDHDOYARRLUEAKDEAN LV %
EEENRHEITL TV D, BRET 7 U HOgko gk
HE AR 5 7201 TFe A AT T —43 Y61 3A 1172
FHAFEETH D,
2. ik Y
HIRIOARFZESTERELTZA AN T —FEER LY | ’ ? Velocity (mm/s)
1500°C D /K FiE Je IR AT TRERK L 7o LR T X 1. #AKICRELIBEET 7VD TFe AANRTT —43
7 U O T A TR L72Migi ch o Z & —
D LN o T, AL ZOEET 7 U OB
Bt KRR Fo#EKIC 1 0 AR L, Wk, &
WBWIEIZ K DTFe A AT T =43 WllE 24T > 72,
3. R

B4 1 ITH/KITIRIE Lo BRE T 7 U o T=77K
WZBT D Fe A AN T —03 W aRT, 6 RIZHER
SR LTSI A, HRIC 4 W7 202 K0 i
T2ADE—7 BN S, K211 LD gk
SO A F VAKBBIEEIT ARSI L Z2HEOERE
EATDHN, RV EDNRIRERIBE LKWz &
MNHLE 7 a4 hy-FeOOH (Tx = 52 K)2VERLL
TeeHERRIND,
BEE « AMEITA T 3 RS- R STERLEE T
ZAEEE LT R IRFFEEA « AM B RS E] o
FFSCHRE YRS U 4347 0D 72 3 O RA R 53 4 507 R 2. AR VAR LGORRMELRBBEE
D3] O T &,

105y -FeOOHRS 1

Intensity (arb. units)

y-FeOOH (Tx=52 K) §8-FeOOH (Tn=455 K)

“Yoshiya Hommal, Hiroyuki Kazama? ¥, Satoru Matsuo!, Kenta Yoshidal, Atsushi Ohuchi?, Yusuke Miura3, Toru
Higuchi?, Kazuya Idemitsul, Kenji Konashi!, Yasuyoshi Nagai?
1Tohoku Univ., 2JAEA (fPresent Address: Osaka Univ.), 3NFD
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(29) BHFABRBEZRNERHT I oo O0—0OKREE
Development of ultramicro analysis technology for fuel debris analysis
(29) verification of fuel debris analysis process by using irradiated nuclear fuel
RWEEE, REMST, BETE, BERMAEL, ATHEER !, MIE—,
Ikhwan Fauzia Hanum?*, $5AEEH 2, /NEGER] S, HidE—ik 3, AKFHEHE 3
JAEA, 2RMEFRKR, SHAER, @EFiE Tk, FRIR)

WG RS Ly b2 T vl U g O 7 m~ 7T 7 0 —RRABRICE 5 —H OB % FE i L,
ABFFETIRET DR T 7 U 5ot 7 v — DA 2 s LT,

X—I—F :BETT Y, T F A RoWr, BEFEREEL, 75 U Elfig, TBP 15, DGA #ti5

1. &8

PRELT 7 ) OB AR A 30T T 5 FIEOMENLITRB OB TH 5, FFRIZ. BEEIERHNCIERE L 2
LOBEND, T F A NEROSHHFRBIIEECTH D, Frid, WA - RS HE - FU 7l
B ERE S 77 X~ EB&OIIEEJACP-MS/MSIZ X DG &\ ) — B ORRENT 7 U ofr 7 o — 2RI
T 72t 2D TS, BT 7 UV E 2 AVERBERICESE RET 7 Vo7 vl ViR, 20 A
DOWFERER T 7 F ) A4 ROFAEGBECAR DRBREE AL L T\ D, AR TR, BEFH IR %E
FTCRALTZRET 7 oERE W EE 2 BN EE LT, Filissr mfAYE [5S05 A CTHRE L
PREFS L hERA L, 2252887 7V 0t 7 v —OMERE & 314l L 7=,

2. =B

TSI A ) RS 7 MOX BREFABERE 41 GWd/t, Pu E1LE 3.01 wt%)2> 549 0.3 mg 470 L. NayO, & fit
TV FHERNIC AL, T U EkfE (650°C, 1 BERIINEN) 21To7z, Bl % 6 M HNO; CIRfiEt% ., fi
RIZE Y HNOsIREZ IMIZIHR L, VeV 7T U7 = AEREBIE (Cs B 2@k L, Cs 2
EBRELE, B L7777 v a v F 2—TICAd, 85CC 10 BEfMENT 2 = L I2 X 0 Pu O +VI
IR U772, ZD%. 16 MHNO; & FeCl, « 4H0 Z3RML, 0.1M @ Fe* % &1 4 MHNO; IZFARL L 72 D %
T4—RiE LT, VUMY TFAERBE (TBP #5) (@i L. Np, Pu XN U O 5BEZ1T - 72,
Z Dk, B L7z Lo/Am/Cm 7 7 7 3 3 % N,N,N’,N’-tetraoctyl-diglycolamide &=t lF (DGA f/i§) 2@k
L. Am KO Cm O A BEZ T - 72, [BIILK D ICP-MS HIE 21TV, WiRTICE TN s Ls E& LT,

3. &R

TV Y R & B ORISR Z4T > TSR, 727 F ) A FERITE IR RBAT L- 2 & A R
ENTo, BONTRMIEE Cs BIFICEIK LSRR, 7275 /A4 RERIIRA ST R2ERILL 22, £ 90 %
D Cs Z#WHERET LD Z LTI LT, Cs BHiED O OEMURIZE £iv5 Pu OFRR{LEZ %, TBP #HFIZHE
LT 55, A 4 MHNO; + 0.1 M Fe? " 12 T Lo, Am*, Cm** K O NpOy' A5 FITIAREL . T D% 4M
HCLIZ XK Y 44i7 27 F 7 4 K (Np*, Pu*) DMELRIEEEL . 0.1 MHNO; IZ XV U0 03 EHEL 72 (KMZH), Pu
BELO U OMASEEERIZ. SBERE 2x100 ~ oLl sl 0 Ll

3x102 & 72 o 7=, TBP MEME 2 b EIAL L 7= 0T 1 ok S T 3
Ln/Am/Cm/Np 7 7 7 ¥ 2 > % DGA BIIEIC@IK L7 g3 : E
FEF. 4MHNO;s IZ LV NpO, DMEBEL . £ D% 1M 3 3
HCLIZX Y 3fli7 7 F /7 A4 K (Am*, Cm*") 2MEK 000-6—2 3
VEBELTZ, Am 35 LU Cm ORUEYBEVEREIL, 208 S, 3
2% 2x100 ~ 4x10' L 7e o7, LLEX D REL E 3
vy NRICEENDT 7 F ) A4 REEEEM L. 023 =
U/Np/Pw/Am/Cm DFH A3l Z B L T D72 A E 3
ﬁj’ﬁfi‘%ﬁfé%*Jr??U%$ﬁ7lﬂw@7ﬁﬁﬁ%§:ﬁﬁ 0'0{\\llllluwlllllmwllllmwll|IHWIllllH‘\HlllllH\‘Hllllll‘\‘H'IE
WL, 0 10 20 30 40 50 60 70
ztiﬁ:ii\ %%DSﬁszj{%B%*?%\ Fﬁﬁ]%%% Lf:}ﬁ Effluent volume /mL

TAORFELM - AMERAESESE] ORFFERE T TBP BIIRIC £ 2 M F ABHAARIC & £ 2 4RO
BT 7V 5Bt O 12 OIRBIESIHTEAT OBAZE ) DO B
TR E BT,

* Takashi Ohnishi!, Hiroyuki Kazama! ", Chihiro Toyota!, Yoshihiro Sekio!, Koji Maeda!, Shinichi Koyama!,

Fauzia Hanum Ikhwan?*, Tatsuya Suzuki? Kenji Konashi3, Kazuya Idemitsu?, and Yasuyoshi Nagai?
1Japan Atomic Energy Agency, 2Nagaoka University of Technology, 3Tohoku University, present address: 'Osaka University, *Tokyo
Institute of Technology
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Development of ultramicro analysis technology for fuel debris analysis
(30) Actinide separation by using Pyrrolidone resin
FE —E 2 EE T T RY RTINS
ANEE fEE] S B T, R 2 gnR =
PRIEFRIR, 2JTAEA, 3 ALK, 4 ok

vr ) RUBRICE D, 727 F /A FoBEHCBT 2 HMET — 2 OMfG I L O BE Y = & 2~ 1
eSS D 7o O S R 2 FE L 72D T, W T 5,
F—U—F:BBT7 V. 727F /A Bt ICP-MSMS, &L BT
1. #E

YT 7 ) ORAEE DO R T Fik L LT, SUBHAME - RS BE - ICP-MS/MS | & 2 R & v
DD 7 v — OFEBUTMIT IERF 2D TV D, AWFFE TR, RERTEERE D720 O 3L B O
DL BT 7 F A FHESEETn XL LT, WAKICEr Y RUBIEZ W TiEE2mat Lz, 4 o7
7F )4 KELTThAVYZH W, 60T 7 F /A4 KELTUVHEHNWT, 4ftié 6 li>T 7 F /A4 KOW
BT OMeRI L OM A B2 i U, B EE 7 v & 2~ A2 34 - e L7
2. EBRRIE

WA ZF B OMER DT | ERENEZT o7z, B 1Y FBR(100 mg) & T 77 U T f##E(3 mL) &
RA U B S, 20k v n U FUoRE & iRz BBt L iR o &8 A A4 R E % ICP-MS/MS
(R RE L Te, RIS RS HE T v 2 A~ I 2 #ERR 9~ 5 72 o0 M ALy BiERER 2217 - 72, Muromac® Mini-
columnL ~t'w VU NURfEA 3mL FRIE L, BHERENT 7 U Bk 2 0.5 mL & 1 S 72, BB % 0.8 mL/min
TR, 777 av&Bll Lz, %777 a rfO&RA 4 ER ICP-MS/MS 12 X 0l Lz,

3. RERLEER
HiERICBIT D ) RUOBEDBLRE % Fig. 1| ~7R7, UVDIZ, UV =
B LV Pu(VD), Th(IV)iE, Pu(IV)DOZFE 2 L T\ 5, Fig,1 L0 @V iEE m
JEET UVDB LU ThAV)Z 5, IM BERRIC LY ThAV)ZEIES T2 26T | femm ’
U(V) & ThAVZDEECE 2 Z &3 bnd, £ 2T, ERpBEY vt 2 ~0iiE H P \U%x 5@’!
PEZFERT 2 7o A0 A RS 2 F2hE L 7=, 10 M ASiE 2 WHiER & L TRy ./
% &, UV E ThAV)23PrEF S, FP 23R F L7z, RIS, IM BB Z 595 =
& T UVDMREF S AU, ThAV)SHE N L7, UVDIZWRAE D TR | TRk E %
LIz, £2I2T, KET U U LKEKTO UVYER LR T2, 2

1
0.001 001 04 1 10
FHELRE (M)

Figl ©r VU F#isosiiffsg

TORMRAE Fig. 2 ~id o UNVITh(AV)OM A BB ATRECTH S 2 € 711 FRE |\ Thiv) ‘H v
L AR T E B, BUE, MVOREHARIC L BB I L B (| tan || I
D EORRLBET S TETHS. 91 L
AR, T R LR F DR - AP el R

& FEhE STz TERENT 7V 238 D 7= 8 O B Sy Hr i o B
| ODRRTHD,

0 . 10 20 30 40 50 60 TEI 80
Effluentvolume [mL]
Fig.2 iR R
(Ln(1T0) 2 At 03 53 T G )

*Kazuma Wada'?, Hiroyuki Kazama*?, Andri Rahma Putra', Kazuya Idemitsu®, Kenji Konashi®, Chikage Abe?, Takashi Ohnishi?,

Tatsuya Suzuki' ('"Nagaoka Univ. of Tech., 2JAEA, *Tohoku Univ., *Osaka Univ)
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Development of ultramicro analysis technology for fuel debris analysis
(31)Mutual separation of lanthanides by extraction chromatography
“HE SCPE'. AndriRahma Putra', B #8472 /N RS B TR, SR L
'REECR, 2R G BROK), P HAER

The adsorption of lanthanides on Ln resin (HDEHP (di(2-rthylhexyl) orthophosphoric acid) impregnated resin, Eichrom
Tech.) under different concentration of hydrochloric acid was investigated by chromatographic experiment. As results,
mutual separation of lanthanides was achieved.

Keywords: Lanthanides, HDEHP-impregnated resin, Extraction chromatography, Simulated debris

1. Introduction

The separation of lanthanides from fuel debris such as Gd, Nd, Eu, and Sm, is a famous topic because they were as the
neutron poisons or the burn up indicator!!l. However, it is a challenge to separated them because of the chemical similarity
of lanthanides. Extraction chromatography (EXC) resins are applied in the process of hydrometallurgical separation
nowadays, for the separation of lanthanides, this is an accessible method™.
2. Experiment

The lanthanides ions were obtained from XSTC-1 standard solution by SPEX CertiPrep. The resin was supplied by
Eichrom Technologies Inc., the Ln resin (Particle size 50-100 pm). An inductively coupled plasma-mass spectroscopy
(ICP-MS Agilent 8900, Agilent Technologies) was used for all element measurements in this study.

In chromatographic experiments, the mass of the resin used each time was the same (3 + 0.05g), the flow rate and
height of resin column were consistently maintained at 0.8 & 0.1 mL/min and 90 £ 3 mm, respectively. The feed solution
contained lanthanides, excepted Pm, with concentrations of 500 + 20 ppb. The concentrations of lanthanides in the eluate

were determined by ICP-MS. o T —
> 9M
100 § & g‘\: 4

3. Result and discussion

B
Tb oE ol

o x];__?'\_ o J
By %4 o 0.54

From the experiment, the distribution coefficient (mL/g) were

calculated and summarized as the figure. With the equations that to > RS g
X ‘_»(])_

evaluate the separation performance (Separation factor and resolution),
N la

B

showed the possibility to the mutual separation of lanthanides.

Distribution coefficient (mL/g)

4. Conclusion

0.01

T T T T T T T T T
0.86 0.88 0.90 0.92 0.94 0.96 0.98 1.00 1.02 1.04
Ionic radius(A)

From the experiments, possibility for the mutual separation of

lanthanides by EXC under hydrochronic acid conditions could be studied. Figure. Distribution coefficients (mL/g) for lanthanides
(excluding Pm) on Ln resin in HCI

This work is financially supported by the Nuclear Energy Science &
Technology and Human Resource Development Project (through concentrating wisdom) from the Japan Atomic Energy
Agency / Collaborative Laboratories for Advanced Decommissioning Science.

[1] Williams M. Handbook of Nuclear Engineering, Dan Gabriel Cacuci. Springer (2010)., ISBN 978-0-387-98130-7.

[2] Alexandratos S.D., Ripperger K P. Industrial & engineering chemistry research, 1998, 37(12): 4756-60.

*Wenzun Luo', Andri Rhama Putrai!, Abe Chikage?, Kazama Hiroyuki?, Kenji Konashi?, and Tatsuya Suzuki'

"Nagaoka Univ. of Tech., 2Tohoku Univ., *JAEA.
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(32) BEMARIZETHBHT T OREMFAR-(U, Zr, Ca)O, HH O BRER
Development of ultramicro analysis technology for fuel debris analysis
(32) Study of fuel debris stability for geological disposal — Behavior of (U, Zr, Ca)Oy dissolution
R Y R \BEE 2AS ST M R AR HEA AR RN SO, S R
PHAE RS © A, 2 SN K - T, NFD

HEAEG T T A~ E BT (ICP-MS/MS) 1%, BT 7' 200D @k o 5 Fik L U THIRES
NTW5, AAFFE T, BERET 7 U & L T(U, Zr, Ca)Ox i Bt 2 W T~ A 7 0 F v o RV KRR 21T 9
LT BB T ) ORENDLSICE LB TOREN (RIEFHE) ZFETLIIEAFANELTND,
F—O—F : BERET 7 | B LR HEE, (U, Zr, Ca)Ox

1. #8

WEE TR ENOBEFICBWT, BET 7 U 20 H LB, 5352 ERETHD, Eitd
TEEEZRHRII DR EITAT O ITIE, BT 7 ) OMRZ EMEICIERE T 5 Z LN EETH D, £ 2T, A%
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