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Experimental Study on a Novel Cation Exchanger )

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

Etsushu Kuraoka*, Tsuyoshi Arai* and Anyun Zhang*

ABSTRACT

In order to study the applicability of the separation of Am, Cm and rare earths from each other by cation
exchange technology, a novel silica-based cation exchanger (SiSCR) with sulfonic acid group as exchange
site has been synthesized. Its thermo-decomposition property and the performance of adsorption, elution
and separation for some rare earths were investigated.

The procedures of SiSCR exchanger synthesis were essentially identical with those of last year except
the step of sulfonation reaction, in which chloro-sulfonic acid was used in instead of sulfuric acid. This
resulted in a relatively high exchange capacity of 4.0 meg/g-resin. DTA-TG analysis showed that the
starting temperature of thermo-decomposition of the SiSCR exchanger is around 300 °C, indicating that it
has an excellent thermo-resistance. The adsorption of Nd(IlI) and Eu(Il) by the SiSCR exchanger
reached equilibrium sates within 20 minutes and the distribution coefficients were about 400-500 mL/g.
In the separation experiment using a column packed with SiSCR exchanger, the adsorbed rare earths were
eluted from the column by the supply of DTPA-pH2.0 eluent and the elution order is as: Dy(III), Er(1ll),
Lu(lll), Gd{Il), EudIl), Sm(), YID), which shows a good agreement with the ability of

complex-formation of these elements with DTPA.

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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Am/Cm DA ESEERA THETEOHESBERT D HikL LTHA 4 RHRIKITE
DEERATSH, AMCm DN TIE. AlYEFERS LT 5RO A
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KICERYMTHD LU (SI0,) 2HEATH L. AEHEBORBER LEOREL
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3. ABRER
3. 1 BBAArcikniRR
3. 1. 1 HERUAK
Sy BB A AL RHE (SISCR) OARIZAWVERE R OREE LTI,
Aed5. REET S00mL O SiSCR Z AT A DICHERALIERTH S,
RIS IS Y HEEARLT (Si0,)  RIEEK) 40~60 pm, FEJHFLEE 600nm,
LAE 1.1ml/g, HBFLE 0.69vol%
IR AFLUE v — (BEE>99.0%) :48.7g
R mip- U= R B (RRERL FLEE>95.0%) 8.9
- B EBRATFV (BH) [ 54.0g
- THELNEBTA T FN (FRAD 122¢
a.a-T A YTFu= UL (ABN, A :0.86g
T YRV a~E Y- R = R UL (V-40R, fREE) : 0.57g
craa AR (AR UAEAD 1 98.1g
cFrFrupxF Ly (BEAD :7257g
R, HERE. REER. KERMLT RV v AL k) Y UL (pHRERD)
- T b, A (BEHEAD

3. 1. 2 ApFE

5 3.1 i3V DIREREA AL sk (SISCR) DAY v —¥— hERT, a5
RO X 5 BRFIETIT> T,

(1) vV HBEEOTEELHE

S pHEKOEMECILERAE LTEY YT UBERMER SN, ThERET
% 72 0 \C R BRYAHEI & B e AR AT o T, OM FHRRIAIE & G Z ZXEICHV. B —
FY—T AL —F—2k ) 80 CTHRYVIELEEREIT Tz, KT, ¥V HEHT
AT 4 NE— B L, TEEERO pH 2 65 BEICARDETHOICKEETo T, K
WL BV L O SR L TR 37~T4pm DObOEFEERR LK, Bk L
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F)w—t LTAFLVE, BBALLT mp—VE= AR By (REBE
15wt.%) %AV, FREEICIREERATVEBIOTZNVBRY A7 F e AV,
EABAIL LTa,a’ -7 /A Y 7Fu=rU (AIBN) BIV 1-I-7/ERV 7
oA~FH - HIAR= FY A (V40) 2ERALE, VI VKRTFOLER, £/ v—¢&
BRI ORE. BREEEICLY, ERE/ v —BLUOFRELE (£F/v—1g i
2L 3.5ml, REEBATF I 40vol%,/ 7 Z NI A7 F IV 60vol%) . EA BREAHA
(4% ) <—Izxt L. AIBN 1.5wt% /V-40 1.0wt%) OfHALBEEZRH LI, Zhb
DREFRIHRE L. W—RBEEIELND L) ICHHE L TRE L

(3) "—=RARY ~v—DEK

FEEDY Y AR FEANTET AT I Razu =4 —x NRL—F—IZREL.
BWERE T CLERHS LAEFERDE /< — WK (1g ® SiOIZxf L 0.98ml) % = A
Fao—TEVRLICTTACEAL, BEEESETHERE V) PRLTOAN
LB ERT, BT, REMEEEST T 90°CE TIRMEAL TERGEZITo> T, M
BMESOREST ST LEK32RT, BEEKTR, BEMENTIAT 4 VF—L
CEABIVCT & Fr THRICEREIT> T REOBECRIERD ZRE LT,
T 60CICCHEZHBLEEE, VI /RY v —EGRT (U BB DA
AF Ly - FEARVEURY v —%2EA LD, Si0-SDB L) BfEbh
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(4) BEREEHEA

€ 33 I A Vs VB EE AR GBOBRE ERT, FIEROEE L Si0,-STDVB
WFEERTTAT 5 RARGRICAN, REHEERRICER LK, ERHEL
LCHFEENT 57 nuaxF Ly (1g ® Si0,-STDVB 2kt L 3g) #MA T, 40C
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3. 2 MEREFHAE
3. 2. 1 ZRHE

BT U R Z VR G A A R#E (SISCR) (ZoW T, EERE
THEMBECLEHRER, A A VRBEBAEL L ORZER (DTA) ~REE
(TG) Hth&1T-o 7,

A EFHEL L7 SiSCR OABLEE YK 34 177, AMEEE LY, SiSCR (3¥—722
RRFELTRY . FORMMTITIZIM SIO BEICHEKT I BBEINI

AMBBOREIICE ViR L Th BPEFIEICESN T, H-Na E# PRfE
FIC L VAT HRA R SHILIZ-SOH 20T, THENMAERIRSHERL —
¥¥5) #*UEL. SEOHEEHEER- T, BIEFIEERK 3.5 IRT, AEIT.
FEBDEA A KK 2 mol-dm” DHEFKIEHE BT 5 Z & THEREEICH &
W3 S BT, 5 %-NaCl Wik % BIK S W5 2 & T AV RBEORE Lz H 2 &
S, MELFBRERKEPIEEET HEZAEL, B A TBREBZEBL
oo F 3.1 WA A VKRBABORERERERT, SEEHK LI SiSCR OXBARIT
4.0 meqg/g-resin T ¥ . MEAEEEICS AL L7 SiSCR O 3.6 meg/g-resin {ZH~T 10 %2
FERM L2 Eaan5d O, ARTETOERMESL. BEETIIA VALK
SIS AWER, AEETCIE /v a ALK BERA WL, 2Ol L, R
R ARSI, BRIV 7o A VRUBEFER L BRRBEROM EIC
HELEEEEZOND,

Wiz, SiSCR D RZEZ—EE BHIE 21T VWO RIS KU 4 v KBABHR DR
EXEEPFMELE, K36 (ZKREAR) LM 37 (T HAFHER) 1T SiSCR O
DTA—TG JIEFBEH T, F/=. K 3.8 T Si0, [THFEE LIEX—ARY =— (Si0s-
StDVB) @ DTA—TG I E* =T, K3.6 LX3.7 LV, # 60~70CICEEHD
PRESEBE— 7 AR S. ZhiE SiSCR ITREA LI-ASOERIZLIE LD EEX
BB, K 300CHHERBA M BRAL— 7 BHIL, ZIVIANVEEORTHE
CHETA LD LHEIND, FD%, 400~500CICBWVWTIRE LR E L HITKRE
RREBC— 7 O BELRERBOPBAISH, K S00CTEERBA B T LEES
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R EERR LTS, ZHER—ARY v —DOBSRIL DD THD, 28, K
3.6 L[ 3.7 © TG RIEREEM D, SiSCR 104+ RHahs (N—ARY <—LF
HI) DORERILH OWBIRE (%0 F T10%iX SiO Hifk) L REb O D, B,
K 38 WRShELHie, R—2R) = —DRFRIIN 21~2WthTHD (FiEE
BAROEEZAR) ,

3. 2. 2 RERHE

a7 U b HLET 2 LR VIR E R A A Sk (SISCR) B WT. AHERERME
S IC B A NdID & Bu() DR EMEE Tz, 4V ZHRARB LT NI &
Bu(ID Iz &t 3 5 W ESEEEF HIE Lz, 2B, HEARKOWEET SiSCR FOH
B ODHRERZEEILILLDOTH S,

0% 35 A EAREIE N v FREERBRIC L 0 I L, MERRINCK 1 g (RRRE
) o SiSCR ZHAREH & FTE pH EORMIEAR T 2 AR L T2 T
Sy amy SR fiol, HTAT 4 NF— ETRIIERIC K Y BIA LK, #E
PR UMXEREZATT A (FE S0ml) ZAN, NdIDE EudhZZn i 10
mmol-dm? & e pH fEOREEMEMEEEIR 20ml 2% T, 25°CICFAE L iR
ARERICRE L 120spm OEE CHEBMIEE S €7z, BE®R, VTRAT V¥ —L
TR B R L Y k0B L. ICP-AES STkt LV @RREZHE LIz, 74V
5 — @ SiSCR % IM R4 T L TREEL2 SRS E, Bl TRikeTE
My TG LT, ST, 60CT—HRPEZER LT, SiSCR DRBREAREFEL
o WRICT L W AESERE (K) ZRH LT,

(3.1)

I T Ky EOERE. Co IRAENIARTOSBRE, CsIRERBRT OB
W VISR, WRIISSHE R O A BB DR RERERT
5 3.9 1= SiSCR A#fkiz & 5 Nd(ID) & Eu(I DU HEREK & BAE Flitk OB
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pH & OBA%F RY, FKL Y. NdI) & Eu(@DidimVREMEZ< L, pH 13T
BRRELR L, £0OE X0 NdUDSEAEITK 390 T, Eu( syEAREIIAT 480
BEThoT-, WEMORERIKE L EH 1.04, 204, 3.04, 403, 503 [SHEL
F- 7%, SiSCR 1T HIE TH Bz, TBFEREKD pH R E SBEMICT T +
L=z L B@ED b, BA VBRI X 5 =flf L5 A A v (RE™) DWW RS
KA TREIND,

RE** +3(R-H") = (3R -RE’)+3H' (3.2)

Wiz, SiSCR BBA A Atk x AV T, RE 25CITAy FRAERARIZLY . 5}
BV IC 331F 5 NA() & Bu(icxi4 2 W& HE L2 FIE Lc, SRARERE L
< 10mM ¢ Nd(I 3 L OF 10mM o Eu(lll) &5 ¢ pH3 \CFRHEN L 7= ERmRME R 2 AV,
MBI Lk Ui SEREOBIE & AR FIEIC L VITo T, KB LARMERE A
NE=fA795Aa% 25CTHERMICIRE 5 S8k, RIEEIC LY BRI
fFot, BONEERTOSBA A EEL ICP-AES (LY T L. £ BED
wRERLHY . GDRITL Y HEEEERDI,

3.10 |= SiSCR Z#fafkiz X % Nd(ID), Eu(I)¥ &y AR O R 228 2R
FIEL 0. SISCR ZeHfkic &5 NAQDH X O Bl o s EE 13 o T < . #0
20min BAPN Tk % TAICBIE UOBREMSIRIE - BEICR>TWD, SEFRELE
SiSCR Ze#fRiIFEEETR Lz b0 L FEkc, ARk IR-120B BA 4 o KB
TREHENEZICHLELTNDZEBLND Y,

3. 2. 3 WHE- SEERTE

SETFICS (- TE LN ABBEHBKIZESL LT AmM), CmI) & WolevAF—T 7
F = FEEB L O Bu()~Lud) & W o 7= MRER THETE ST pH2~3 BEOM
BBRHARTHD ¥ ARBRTIX. 20X ) REKEKROMREZEE LA LT
%% TR MEA IR & BEATR & LTV, DTPA Z S {bRIEZ BRI & LT
BERL. 7T ARBRIEICK DA - SEERELR N, R s LT YD,
Sm(Illy, Eu(), Gd(OI), Dy(Il), Er(I), Lu(h)#% Zh ZH# 10mM Zir pH2.5 DM
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BEREREEAM L, KERICAWED T ARREREIT ¢ 10mm (NE) X
BS00mm (H &) DA Ly s AATAMA T A (WEMH 30kg/em?) | fHEAERR,
EREERY TS, FAVIvF—, A=+ 7T varab 7 Z—FZLVERS
NTW5b, 17 L~DAF U RBETEIT, A7V —ROZEEEZNT LD LT»
BERLIZHEAL. No HRIC L D 2~3kgem® DESCTNERE Lz, FEROH
X% 476mm T, FIEEFE (bed volume) (349 37.4cm’ TH o7z, [ 3.11{Z SiSICR 32
WA FHE LD S LAEBOBEERRT (FE: BETOARONT H)

W3 - BEERBRIZROFIEIZ L VT o7, 40mL DOREHAK Z FiE ImL/min TH
SADLEF L VHL L, £V T 40mL @ pH2.5 OMBMMMEAREZ TR E L TR
BRI TR L. SREAEORERH T AN S L REHEROWR 21T o2, K
WT., BMELEEAZFLTHOR2BEROCEERNR T 22D,
DTPA(Diethylenetriaminepentaacetic Acid)-pH2.0 ¥8# (400mL) % ¥SBERI & L CRIEk7
FETEREE LI, BT LhLORMKEA— 757 varvarsa—2AnT
10mL BICRHEL,. £757 2 a VBERPOSRBA A RER ICP-AES FEXDHTE
WEVEBSW LI, 28, WF#Al & LT DTPA-pH20 HFH#IZRb - T,
EDTA (Ethylenediaminetetraacetic Acid)-pH11 ¥#8 % F\V -] % - RBERBR 1T o 72

¥ 3.12 1= DTPA %R & LTHWE Bk h 7 A0 BERBR TR O NI &/ 1A
T OEBEHREYRT, RRXY . HERENART 0&FH TR ORI HBE
IR E S, F D% DTPA-pH2.0 ¥EEER DO HEFGIZ X - T Dydl) & Er(D), Lu(I),
Gd(D). Eu(l), Sm(I), Y(IDDMEFF TIEREHE S, EARMICTRERESHREN
LR, LIEMIND ZERRBD LN, ZOBEHIEFIX DTPA L OSEKES
WWEBLDT, MEAEEEEEOKRE EDIEF LB B LTSI EBEHLI
= M 73 Am(IDIE L Cm(M)& DTPA & DSEFEEENITVTHhOT v & =K
FEELY BN EAGESNTEY ¥, 5T AmIDX CmIDBFET 5% E .
Cm(I). Am(Il), # LCLEAFTEREDOIEZF CHEBINDIZ LA TRIEND,
L, 2hbnwAF—727F=F (MA) mRELHITHETEK. $iC DTPA L O
FREEI A MA L ELBRAOITYY Tb~Lu O EA THIuHk & O EtEEE RIFRICHE~D
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DERH D, ARBRIZBITHETHEOERE (1T M LI RBHER T OTR
Blratd A 0T An00MERTOARLEDOLE) 3T DyllD)100.3%,
Er(IN101.6%. Lu(l98.0%. Gd(I)101.1%, Eu(l99.5%., Sm(ID98.7%. Y(IN99.1%
Thol,

3.13 |z EDTA %A & LCRWE By T A5BRRTH O NI/ LIRA
FromEERBEE R, ARL Y. SEEREHART O£/ DRTRITE BB
3 Xh. 0% EDTA-pHI1.0 B O #ARIC & » T LudD, Er(@), DydID),
YD), Gdd), Eu(ll), SmODJEF THEKIEREE S L7, ZHIITEREFFOREWIE

(YAMDBRWT) IZIERERES L., “hbDTHk e EDTA & OEROREELESH L
I<—BLTWAZ BB D ONE D, —F, K312 1R Lk DTPA I L5457+
FeE DSBS, EDTA (12X B BEMRENRELS . IR EIRENED
LhEote, 2. AmIDR Cm(I EDTA kDR EEELIT DyIHDHE &
HRELCWAZ ERBESH Y'Y fEo T AmIDR CmID & i HFTR L OIRED
W Ch 3 L FRIEND, ARBRIZETHETEORINKTENELN DylIDI101.1%,
Er(I100.2%. Lu(I99.3%. Gd(IID99.9%. Eu(l)99.6%. Sm(I)100.5%, Y(I)98.8%
Thot-., AROREBETIZ, HE O EDTA ZHEALTEY . JHEBREERTOR
BEN/NSWED, TLH ) HOFETHREERRZITo T, Nl (W € e k<= B 2
DA EHY TR+ AMORERTHL L EX NS, %, & DICTBEE
Bk WET D10 OWHERICHBER ORI 21T O LEBH D,
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3.4 FHRL L 7= SiSCREEA Ao RMIEDEFHEMETE
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g )
L H 5 KKK Z3mIFEE
2M HC1% 150mL##& ] (HHY)
Blik % 150mLB#K (Pe)
( 5% NaCl% 150mliHiK (Na*#l)
L ik % 150mI i (Per)
2M HCl% 150mbi# & (H*7Y)
k Bl % 150miB#K (BEi)
L 5% NaCl% 150mbii#ik (Na+#l)
i NaOH CHFIiEE
ik % 150mli#HK (L)
, v 1
7 ¥ b &2150mLER (KA P Z)
BEZewi® (60°C, 12h) (Na*#!)

\ —

v

HEHFE

M35 A4 RBEEEBOREFIE
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# 3.1 FAM L7z SiSCR BA 4> ZMEORBEER L OSBME B

Functional group

SEM photograph

—(CH,CHy—

Bead diameter
(pm)

Total capacity
(megq/g-Resin)

37~74

4.0
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Resin : SiSCR, Heating Ratio : 1°C/min, Atmosphere : Ar

X 3.7 ML 7~ SiSCR BiA A2 23#fk o DTA-TG HIERE R (in Ar)
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Resin : SiOZ—StDVB, Heating Ratio : 10°C/min, Atmosphere :

38 LY BICHBELER—ZARY <w— (Si0,-StDVB) @
DTA-TG | E&E (in Air)
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pH value

Phase ratio: 0.8g/20ml; [Nd(IID)], [Eu(III)] =10 mmol/dm’;
Contacting time: 120min; Shaking speed: 120rpm; Temp. =25°C

3.9 ZHE L7 SiSCR [BA A > 2#fkiz L % Nd(II) & Eu(II)
W BRSO pH KT
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Contacting time, min

Phase ratio: 0.8g/20ml; [Nd(1ID)], [Eu(III)] =10 mmol/dm?;
pH(before) =3.04; Shaking speed: 120rpm; Temp. =25°C

54 3.10 FgHI 7~ SiSCR BB A A > &#afkiz X 5 Nd() & Eu(II)
0 % 45 BoAR B o B IR FEME
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The number of bed volume

Column: ¢10mmxh500mm; Feed acidity: pH2.5;
RE(III) Conc. : 10 mmol/dm?;
Eluent: 0.05 mol/dm® DTPA-pH 2.0
Flow rate: 1.0 cm’/min; Height of resin: 476mm; Temp: 25°C

X13.12 SiSCREEA AL REAEFFHE LD T AL AHFTELE
Doy EERBRER (DTPA BREEAD
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DVI Feed | pH2.SI 0.05M EDTA-aqueous solution (pH=11)
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The number of bed volume

Column: ¢ 10mmxA500mm; Feed acidity: pH2.5;
RE(II) Conc. : 10 mmol/dm’;
Eluent: 0.05 mol/dm’ DTPA-pH 11.0
Flow rate: 1.0 cm*/min; Height of resin: 476mm; Temp: 25°C

3.13 SiSCR[BA AU ZHEEZFE LI 7 ML DA EHTHR
D5yEERERFE R (EDTA FEBEA)
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4. BbYiZ

ARRTIE. ANVKRUBELZRZBE L5520 VHEREIBRA 4 Z#k (SiSCR)
ZER L., TORGHRENS L OFH LRARICHT2RE. B - SR ZRAA
RO XS RFRERBF/ LN,
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BEM SOpm DLAMT ) BRI FEHEBKE L, ANVFVBERZRBEL TS
7 aiRT RFHGA 4228k (SiSCR) DERFEEMNL Lz, SEIZA VK
MERISIC 7 v ANVECBEER L2 Z & T, 4.0 meg/g-resin DEWAHRAR
BELNT,
REBR—BEESITIZE D SiSCR 134 300CH L EHEMA %45 BB —2
REN, AVECEOBYRICL DD LHERIND, 2B, 400~500Cic K
SRR 2FEOSBEELEERBDIIRN—AR) v —DBGRIZEHHLDT
HD,

AR L7z SiSCR Z#ikiz X 5 NdD) & Eu(D) D % 3% 4y Be iR 3k A% 400~ 500
dm/kg-resin TH Y, Ny FRFRRTIE 20 LA TREFHICEZE L, E»
WERE LR LT,

SiSCR RMAFEE N 7 L L 2/ L% & MBI IR O o BRR T,
DTPA-pH2.0 ¥BER DRI L > CTHRFE L&A L F X DydD & Er(ID,
Lu(Ill), Gd(II), Eu(), Sm(), YIUDODIE THME S, DTPA & D&k n%iiE
EEZDIEF LB —HLTWD, 2B, AmD CmIDAEFHTELY bk
WIRBEEND L THIESN S, DTPA L DOEERENIELEL TWAER T
TR L DFBEMREEZ RN DLEND D,
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