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Experimental Study on Sr Separation by Extraction Chromatography

(Document Prepared by Other Organization, Based on the Contract)

Etsushu Kuraoka*, Anyun Zhang*
ABSTRACT

In order to study the applicability of extraction chromatographic technology to the separation of Sr from
High Level Liquid Waste (HLLW), a novel silica-supported Sr-adsorbent was prepared. In addition,
adsorption and separation experiments for Sr and other FP elements in nitric acid solution were carried out.

The Sr-adsorbent was prepared by impregnating DtBuCH18C6 extractant into the SiO,-P support with a
diameter of 50 um. The Sr-adsorbent showed a significantly strong adsorption for Sr(Il) and the
distribution coefficient (K4) at 2M HNO; was about 1000 mL/g. - However, the ions of Cs(I), K(I), La(III)
and Y(III) presented almost no adsorption, while Ba(ll) showed a moderate adsorbability with K4 values
around 120. On the other hand, the adsorption of Sr(Il) was quite slow and this is presumed to result from
a slow complex formation reaction between Sr(Il) and the adsorbent. In the chromatographic experiment
for a simulated HLLW, the adsorbed Sr(Il) could be effectively eluted from the adsorbent with water and
completely separated from other FPs except a portion of Ba(Il). The concentration of DtBuCH18C6 in
aqueous solution dissolved from the adsorbent was about 700-800 ppm (dissolution rate was 4.3-5.5%) and
the dissolution rate showed a slight increase with increasing HNO, concentration. The dissolution is

considered to result from the solubility of DtBuCH18C6 in aqueous solution.

This work was performed by Institute of Research and Innovation (IRI) under the contract with Japan
Nuclear Cycle Development Institute (JNC).

JNC Liaison: Recycle Process Technology Group, Advanced Fuel Recycle Technology
Division, Tokai Works.

* Institute of Research and Innovation (IRI).
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1. IXC®IT
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BRI E BV EBERHECL Y T ZEIRT 58 TH D,
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2. 1 BEMOEHK

RBRICAWBRY =— /2 ) hEAHEK (SiOr-P HF) SISt WEMZ KT
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HEIELLLDOTH D,

2. 2 HSEFBEOAIE
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3. RBRFEBIUER

3. 1 BEHMDOER
(1) SiO,-P DA

& 3.1 iRy =—/ U hESHEEK (Si0P) OFMIBEDOT7u—— bEFRT,
BRTEROFIECH - TIT-1 2, V) pHEKIIEARTE B) XoRfEShik
LM SiO, RBRAETHY, MBI KICL Y ThiE Lk, SREEHEVSTICL VAL
EA~60um BEDOLDOEMHEA Lz, =0 SiO B EHHFLAEIT 600nm, HFLA
X l.lem’/g, #IFLEIX 0.69 THDH, T/ v—¢ L Tmp KVINVAFLUBLY
m/p V=R B Ly (RIEAL BBE 15wt%) 2 AV, EERE (FRAD i3 1,2,3-
Ny ZopFanrtmFr Lo 2ERLEZ BARBAIL LTe, e - TV EXLY
TFA= ) AVABNB IR LI-7 VRV 7 a~FHPo-1-H0ER= b Y (V-40)
i LAY e |

FPHEEOVY ARFAEFTRABTI X2l AR, v—F ) —x AR L —FiZky
FLEESERBOEZZFIW, TAR T S X EEIA THRAe Lz LR EL &
Ja—rIThFa—TIZLVRLICEVED | BEELAREL VY VRFOHLAICE
AFERE, BNWTTFRB IS ZAa2FANAREABIBL, BRLEBLEES
21T BT B BOIZIE 90°CIT T 18~20 REFEIMBA L THA S/, EEUGE T .
ERICXVE - WEOBEEITV., BERTE27E b EKICKVEERYIRL THEFEL
e, RV~—/TU HZEEHEK (Si0-P) L LTHELATL,

(2) SrEMDOFE

St A & LT, XE Eichrom %t o 1R & DtBuCHI8C6 (4,4’,(5°)-di-(tert-
butylcyclohexano)-18-crown-6, F§5h4 SR-SX-BO1) ZfEA L TZDEEHEH Lz, i
#/FRE & SiOPHEDZRT Y —%ku—F ) —x XKL —FIZLVBEE LR A
RAZMBBRETHHECLVEREEMZRRB L, £ —— 2321
R BN

FTROFIEIZL Y LA LT SiO-P #HIE%E A& ) — /Wi & Y e L TRILE
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34T o7, SiO,-P ik 11g #5 & 100mL DIERME ZAT7 T AIZAN, A ¥/
—/V% S0mL A X THI 1 RERTERAOICIRIB SRR, BER AT T AT AV —IZ LD A
) —EEBLTRELE. ZORAZ ) —)VIZ X 5EEERIEZ3ERV IR LT T,
OB TRICEY . S0P #HEITIE L TV A RMHE L ORKIGE / < —kkE
Ehbd, T0% 0CT—BEFERBRELITo T,

iz, BERE LT 50g @ St A2 A& 200mL O F RB 7 7 R aic Ah, ZHICE
FELTSOmLOYZ7uu 2 Z 2RMUEE, TART 5 2 a%# 30min BlERS &
T Sr A & ERICHEMR S Bz, KV TR L7 WiRIs LSRR & o Sio-P 8
h# 10g Ah, TRABT7S52a%pu—F ) —/NRL—FIZREL, BRICTH LE
BEEE X, 728, SiO-PHEDHENEEBRHKE WD, TLEREZIEINPLID
BEEER I E T, RWT, FRE T 5 X a% 45~50CICHE L BIREA A VSR iTE
v hL, FAEBEERABLIS/uuarF 2R RBRELE, YZuntiy (B
39.9C) IAZHICHAE L, BEABAOKKE LTKGE N7 vy 7ICEREN D, £ 1~2
BERETS 7 nu A F UV ORREMITET L VW TH AR T 5 X2 2 K22 R
AN T 50~55°CTC—MpEZ R EIToT, T AR T 5 2 anbi) H LR &o
AR T, FEAVEBERTICRFICOBL TR, TNEHEEEAM TEI AL
B4 L. DtBuCHI8C6,/SiO-P (St B#FH) %G, 2. LR LI-EREFFART
Ao 2R LWED, BoNEREMOSARIVHOMLARLRAKTHY . A
1 1g @ SiO,-P iZ%f LT 0.5g ® DtBuCH18C6 #itHAI S HEF XN D Z LI B,
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Particle size: 40-60 um

Porous SiO, particles Mean pore size: 600nm

‘ Pore fraction 0.69
Evacuation
¢ — Monomers: m/p-formylstyrene
m/p-divinylbenzene

Initiators: «, a’ -azobisisobutyronitrile

Monomers sucking [<—]
1,1-azobiscyclohexane-1carbonitrile

¢ |_Diluents: 1,2,3-trichloropropane
— m-xylene
Polymerization
(363 K, 20h)

'

Washing with acetone

'

Washing with water

¢ -CH,-CH-CH,-CH-
Vacuum Drying |
(323 K, 24h)
Polymer-immobilized CHO -CH-CH,-
SiO, particles 17
(SiO,-P) (Polymer content: 17-18 wt%)

®3.1 RYv— 2UhEEERE SO, P)DARIENOTIO——1
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Polymer immobilized in silica
SiO,-P particles | Particles size: 40-60m
Polymer content: 17-18 wt%

Washing | (Methanol)

Vacuum filtration

I

Vacuum drying | (333K, 24h)

l Extractant; DtBuCH18C6

Impregnation in l
rotary evaporator Diluent: dichloromethane

l (298K, 1h)

Removing diluent (Evacuation, 298~323K, 1~2h)

'

Vacuum drying | (298~323K, 24h)

l Composition (Wt%)
DtBuCH18C6: 33.3
Polymer: 11.0~12.0
Si0,: 55.0~56.0

Extraction resin
(DtBuCH18C6/SiO,-P)

H32 &2#kckd I UHBRESEEMORBRIENDIO——F



JNC TJ8400 2003-073

3. 2 HSHEFEROEIE
(1) HEREH

FERFEBLILUT- St |EMK 0258 ZH T AL TAMRIB L., ZOFIZENETNK
10mM (M=mol/dm®) D&J& (K(), Cs(D), Sr(Il), Ba(Il), La(Il), Y(III)) MR % & Lot
FWED HNO; Wi % SmLIEA LTz, A TAVEEZREITHE L. 25°CIcBSh
FABIRIEEAMEICERE L. 120 spm OFE THRE S ¥, FIERRIICEIT SIREK.
REEREFERA T R 7 4 NV F —IZ L 0 RBIIEE L CEKSHE L 2, IRERTE DK
Wik Y A A VBEZFRTRESHEE (B AA-6650 Spectrophotometer) (2 &
D, FOMDERA T BES ICP BRASHE (B a—A ATV RA TR
SPS-5000) Z XV #EiEL., RO)ZAVWTHEESERE Ko 2HEHLL,

K= COCj Cs x% (cm’/g) )

N R

2T, Co REEERTOERBA AV BE, C IIRERBRTOEBA A7
BE. Vs 3R, Wrid ST REMOEREREZRT,

3.3 StIREMIT L B 2M BBRKIC KB T 2 BEORBA 4 ORESESRED
BRI 2R T, RE LY. K@), Cs(l), La(ll), YAI) D& R A A > 13 St AT
2 EEMETET, KiHITIZEAEErTHSD, IR L, SrADiTARD TH
WEMER L, KfEIZBAERME & DICEBITHEARL. 6 REZEIE T K i3 1000
IZELTW3, B, St(D&FEETE (FAs) 185 © Badhb St BEM T L
ERAZBEEZ TR L, 6 FEEZIE TE O K fEITH 120 (272> TV D,

—%. RELY St BEHMIE St(D)R° Ba()ixt 2 B HEITHLBAEL . 6 K
BB L THRETFERR LN 0Tz, 2B, FEkZ Si0-P HEIIZIER%E O HA
BX S L-thn%kEH (CMPO, HDEHP, R-BTP &) (X5 Am(IIDR=
A DA A ORFIL, K 0.5~3 BEUNICREFERESBD L Tnd 7%,
D St BWEMICE ABRNZBVRERE L. ZAMEEENICRT SBEMERRNE
Y& % ¥ DtBuCHI18C6 4y F & St(IDA A & OENIAERIZ X D8ERBUGEL . K
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EDHEREICRoTWAEED EHAIZN D,

341 STREMIC X B ERZERBA Z Tt B RE /S BRI O T B K
Rt (6 BERIRE®ORER), AKX Y. SIIDEREITMHBREEORMICHE > THEL
SHIA L. # 2M RYRRIBEE T Ky EBBARER-TWEIREL—7 2R L. £OHRM
FEP D _FRAT X ) WESBURK AR A IET LTL %, T B AR 2 P ERIAL T
Ik AEEF—Th Y WER T DBuCHI8CE HItHAIIC & 5 i DBa D
MRS OLAETHH EB I LND,

Sr** + 2NO;” + DtBuCH18C6/SiO,-P = Sr(NOs), - DtBuCH18C6/SiO,-P ()

7. FRLY SIIDB L BaODUAN DERA A v id & BEET, St WA
Stz xt LD TEN-REBRMEZ AT H Z e NBER S iz, 2B, BRICL-T
Na 3@ L VERDICHBNZRICEENDIERBA A THY . ARRTII NaDD
% 324 & 8TV RV A3, DIBuCH18C6 (2 & 5 ik ikl H <> ik DtBuCH18C6 &4

(Sr-Resin) i2 X 5 NaDDOBFEMIEZ KDL Y bIENZ EBRBESHTVS 9,

(2) KEEE~OMHA DR H )

KB E OFEMMIC L5 SiO-P HEICFEEBEF I St A ST

(DtBuCH18C6) DIRHIZEBENZ#HURT B -1, L 32D~z y FIRBIKIZ
X B ERBRIT I\ T KMIEIRICEAH L7z DIBuCH18C6 D& % K1z, AR T,
KABBIE DA HE R K 4 B (TOC) % TOC-7 F 5 A ¥— (Shimadzu TOC-Vepn) % Fi
WCHIE L. DtBuCHI8C6 2y FHEp 2> & Sr Al oRHEI & 2B H L,

DtBuCH18C6 M4y F ik CosHs2Os. 53 T8 487.72, £ DEF MK (Wt%, LLTR)
. CEHE6938%, O AHE1981%, HEAE 10812 TH D, 2. mHiiRdnOH
EiX 9% Th 5,

2Ry FIRB I AKREE~D St AR HEEE) & Bl & OBRIZ OV TR
BxF31BLUE IS5 CRT (K33 ORFARRICHIT), 2B, FRHTORET
— X ENETNRBRIRBREHIOVTORRTH D, D DFERITIY | AKHEEE~
%5 L 7= DtBuCH18C6 #E£ 13 650~1000ppm 2 T, XT 2= (HFF Ll
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Foxt+ AR L-mER O ERER) (3 4~6BBREThH oz, . FEICHE SR
HEROHEELITRD 57, IR ix DIBUCHI8C6 DKM ~DEMEIZ LD b D
tEZLND, —FH. FEREREEE D CMPO WEMIZE, St BEH K Y K
CEH LM EI OBENRK 10~20 BIELEELS 2o TRY 7 AHEBER~D
DtBuCH18C6 IR LLBIm Wb D EHE S D,

% 3.2 8 LUK 3.6 12 Sr & b b I/KHEER~ ORI A DR HZ8) & KHRERH O
R L DBRIC OV TR REZTT (K34 ORERBITHIE) . AHICEH
L 7= DtBuCHI18C6 # 1% 710~820ppm 2E T, MG T HIWHEIL 43~55%TH D,
7eds. FEPREREE DRI - T, IRHENRSH 2 DM %2R L, CMPO &AM D3
AL BRI SBEZRLTNS Y,
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1000

800

600

400

200

Distribution coefficient Kg, cm3/g

0 100 200 300 400

Contacting time, min

HNO; conc.: 2.0 mol/dm?
Phase ratio: 0.25g/5ml

Metal conec.: 1.0x102 mol/dm3
Shaking speed: 120 spm
Temp.: 298K
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1200

o

S

=
T

400 |

Distribution coefficient K 4, cm3/g

-O0-K@I) —-Cs()
—0-Sr(Il) —A—Ba(ll)
——La(lll) - Y(III)

—

0.8 1.6 2.4 3.2
Concentration of HNO3;, M

Contacting time : 6 hours
Phase ratio: 0.25g/5ml

Metal conc.: 1.0x102 mol/dm?
Shaking speed: 120 spm
Temp.: 298K

3.4 SIREMIZLEABEEBAA LD BRESEFZHOD
HEEEKREN
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% 31 NAyFEShIcKERBR~O Sr AR EEEORBKFT
(HNOjs conc.: 2.0 mol/dm>, Phase ratio: 0.25g/5mL, Metal conc.: 1.0x1072 mol/dm3,
Shaking speed: 120 spm, Temp.: 298 K)

Time/min TOC/ppm DtBuCH18C6/ppm DtBuCH18C6/%
5 636.8 989.9 5.9
10 533.2 768.5 4.6
20 616.4 888.4 53
60 550.2 793.0 4.8
120 539.2 777.1 4.7
180 489.8 705.9 42
360 456.8 658.4 4.0




JNC TJ8400 2003-073

1200 20

[y
&
Leakage of DtBuCH18C6, %

Mr—’ o |’

Concentration of DtBuCH18C6, ppm

0 100 200 300 400

Contacting time, min

HNO, conc.: 2.0 mol/dm®
Phase ratio: 0.25g/5ml

Metal conc.: 1.0x102 mol/dm?
Shaking speed: 120 spm
Temp.: 298K

K35 /NyFIEERIKBBEREAOSHIHFIRHEDERELEORM R
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%32 AUFRSPISKEBRRPAO SrHFRHBEYOMBRREERTYE
(Contacting time: 6 h, Phase ratio: 0.25g/5mL, Metal conc.: 1.0x102 mol/dm’,
Shaking speed: 120 spm, Temp.: 298 K)

[HNO;}/mod - dm™ TOC/ppm DtBuCH18C6/ppm DtBuCH18C6/%
3 495.2 713.7 4.3
2 456.8 658.4 4.0
1 4248 612.3 3.7
0.1 552.6 796.5 4.8
0.01 634.6 914.6 5.5
0.001 569.6 821.0 49
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1200 20

g

e

=

-3 o
@) - ™
® 15 <
= 800 | 2
: =
2 S
S 112
o (=)
: 400 s
= i S0
£ ® | | -
= @ [ ) 5 =
2 —s 3
&

0 H 1 1 1 0
0.0001 0.001 0.01 0.1 1 10
Concentration of HNO3;, M

HNO, conc.: 2.0 mol/dm’
Phase ratio: 0.25g/5ml

Metal conc.: 1.0x102 mol/dm?
Shaking speed: 120 spm
Temp.: 298K
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3. 3 MEREKETAV-ERERR

BAAE TR OMBERBUHHRRK L LT, KO, Cs(I), Sr(Il), Ba(l), La(Ill), Y(II)
FENENA SmM i 3M FRIER L RBER & L TRB L7, KAERICAWZS
T LRBRIEEIT ¢ 10mm (NER) Xh200mm (F &) O Ly 7 ZAH 7 A8 F & (it
JEfE 30kg/em®), 1EEABRR. EEEWRL T EH)IvF— A=+ T7TF7 ¥
ayalbyZ—FILLVBRINTNWD, IT7L5~D St WEMFEIT. 2TV —K
OREME DT IO EFPLBRAITEAL, Ny HRIZE Y H 2~3kglem® DEHIZT
MEFE Uiz, FEKOE SI3H 18mm T, FEAEHE (bed volume) 134 14.1cm’ T
bole, M3TIZSIREMERE LN T LDEREZRT,

St WEM A T MK DRFE - BRERBRITROFIRIC X V17272, 30mL DREHERK
ZF&E ImL/min TH 7 A0 L X 0 H##8 L, $iV T 30mL o 3M REEEEIR & Bei ik &
L CRIERIEE TH L. BEM ORRERCH 7 ANEEIfHE L REERO BT 21T -
oo RWT, FREKRTOMBA AV BELZTTFA5HIC, #ik (120mL) % SrIDX°
Ba(ID DEBER & L CRIBRZRWETHRIE Lz, V7 L0 0DRBKREA— N7 57
aryalb ¥ —%fANTIOmLEICHEL, H7 77 v a VBEBRTOERA 4V RE
RRFBASIE (€s o4 BIVICP #ANHE (Z0Mo&R) L EES
Briiz,

X 3.8z Lkl T AR THEONESRA A OBEHMREZ R, R LY Cs(D,
K@D, La(ll), YAI)iXiF& A ERFENT. REHAKES LU 3M EBRIEHR & & b
T Lz, —77. SIADIZEREE S, MKOBRICE > TEEICEESH, k£
RHEENERA A1 RFICHBES N, o, SIIDAEREMBRILS v — 77—
PERRL.T—V) U TEHBRFEE RN L0 b REEERENFEFICENZ LB b» 5,
E. REARTOK 10%8 D Ba()iIBE ST, LEHAREESRA A LVE
FBNTHHE L, BY 30%RED Ba()As Sr WM ITRkE Sh, Sl & iz Htik
KX EME N, ARRICKITDZHTRDOEIRE (U7 hictis LIREHRRT O
TREIKTEN T 20O OMERTOTERERDOLER) 1IZILEH K 98.6%,

Cs 101.1%, Sr 99.01%, Ba 100.6%, La 99.9, Y 100.5% T ¥ - 7~



JNC TJ8400 2003-073

E37 SIEEMEFRBELEAHSANSLOER

—16—



JNC TdJ8400 2003-073

DV : Feed :3MHNO; Distilled water

=)}

w

Concentration of ion, 10 M

The number of bed volume

Column: #10mmxA200mm
Flow rate: 1.0 cm3/min

HNO, conc. in feed: 3 M
Metal conc. in feed : 5 mM
Height of resin: 18 cm

Bed volume: 14.1 cm3

Temp: 298K

[3.8 SrkEHERAVIEEEHRSEREDHSLFHBKETHES
hi-BE&BAA 2 OB
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4. BbYiT

ARBRTIX, iy o~ b5 7 4 —BIC K D RBUNHER M OO Sr BEEE L
TOFREMERIFT D DIC, VU HHEFE St BEMZRER L, I-MBREKRICR
75 SIDFEDEES A A DRAE - BHRREZITV. RO LS RERMB LN,

(1) SREX (T & TV 5 DBuCHI18C6 Hili HA % RIEE4 50 1 m @ SiO,-P ik
CEBHEBTAILICLY, I v~ NS T 7 4 —IZi&T 5 DtBuCH18C6,/SiO,-P
WEH (StREH) 2RBT L LB TER,

(2) St BEMIIHBERIZIEV T SIADICx LIBD TEWIREMHEZ R L, 2M i
AR TR ESEREDK 1000 (TFE L, ZHizxt L Cs(D. K(I), La(ll), YD)
BBA A I3FR EBEME R ST, Ba(Did b HREORFEM (HEAREH 120) %R
Lz —F. SI) DR EREIIHEAE | BENTOERREIEH BV -0 L HEE
b,

(3) Cs(. K@, SrdD, Ba(l), La(ll), YD) %ETe 3M HHEE D HHE & BUN BRI
RV, St BREMERELIEAISACELS 70 57 4 —HRBRTIX, BELE
SrADiEAEAKIC & o TREICHEBE S L. Ba(DLIS DB B RBA 4 L RO TRAFITHTBE
shre,

4) Ny FRERBRIZIY . St BEMD OAKHEER~EH U DIBuCHI8C6 1R
iX 700~800ppm TH Y (RHTIX 43~55%). WELEE ORI > TRHZR 4%
SyHEZ BEM AR L, KBTI ~D DIBuCHI8C6 BREEIZ L 5 bDEEX D,



JNC TJ8400 2003-073

P TN

1)

2)

3)

4)

5)

6)

7

8)

9)

E. P. Horwitz, L. D. Mark, D. E. Fisher : “SREX: A New Process for the Extraction and
Recovery of Strontium from Nuclear Waste Streams”, Solvent Extr. Ion Exch., Vol. 9,
No. 1, p. 1-25 (1991)

Y-Z. Wei, M. Kumagai, Y. Takashima, G. Modolo and R. Odoj : “Studies on the
Separation of Minor Actinides from High-Level Wastes by Extraction Chromatography
Using Novel Silica-Based Extraction Resins”, Nucl. Technol., Vol. 132, p. 413-423 (2000)
Y.-Z. Wei, H. Hoshi, M. Kumagai, T. Asakura and G. Uchiyama : “Preparation of Novel
Silica-based R-BTP Extraction-resins and Their Application to Trivalent Actinides and
Lanthanides Separation”, J. Nucl. Sci. Technol., Suppl. 3, p. 761-764 (2002)

FAEE ABEZRAIERRRT - « CORBIFEEEFER) Tl 12 FEMEXNHLEY
AT LB RARMEE”, FR 1343 A (2001)

L. D. Mark, E. P. Horwitz, R. Chiarizia and H. Diamond : “Novel Extraction
Chromatographic Materials for The Separation and Preconcentration of Radionuclides”,
Proc. of ISEC '93, International Solvent Extraction Conference, York, England, September
9-15, 1993

A. Kumar, P. K. Mohapatra and V. K. Manchanda : “Extraction of Radiostrontium from
Nitric Acid Medium Using Di-t-butyl Cyclohexano 18-crown-6 in an Aliphatic Alcohol
Mixture Diluent”, Radiochim. Acta, Vol. 85, p. 113-117 (1999)

J. D. Law, D. J. Wood and R. S. Herbst: “Development and testing of SREX flowsheets
for treatment of Idaho Chemical Processing Plant sodium-bearing waste using centrifugal
contactors”, Sep. Sci. Technol., Vol. 32, p. 223-240 (1997)

E. P. Horwitz, R. Chiarizia and M. L. Dietz: “A Novel Strontium-Selective Extraction
Chromatographic Resin”, Solvent Extr. Ion Exch., 10, 313-336 (1992)

& BUE, B w0, B W, K TE B B ERHE - v ) v HEFE CMPO
W EHF D FEBERE BT 2 RBRBISE”, B AR F /R ICEE, Vol. 132, No. 4,



JNC TdJ8400 2003-073

p. 432-438 (2002)



