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Abstract — The adsorption characteristics of europium and thorium on clay minerals such as illite and montmorillonite were
investigated by batch experiments. The adsorbed amount of Eu was constant as a function of pH and much affeéted by a Ca
ion at pH below 6. This means the Eu adsorption at low pH is described by ion-exchange reaction. The adsorbed amount was
increased rapidly in the range of pH 6-8, which corresponds to pH edge. The adsorbed Eu was more than 95% of total Eu at pH
above 8. The Eu adsorption at high pH is caused by the surface complexation reaction betivaeauEnpium carbonates
and minerals. The adsorbed amount of Th was sharply increased in the range of pH 3-5. Th adsorbed Th was more than 99% of
total Th at pH above 5. The Th adsorption is mainly due to the surface complexatiofi* afr Thorium hydroxides. The
adsorption characteristics of Eu and Th on illite and montmaorillonite is represented by Langmuir adsorption isotherm. The
maximum adsorbed amount of Eu and Th on illite, resulted from adsorption isotherm, is 32 and 109 meq/100 g, respectively.
The maximum amount of Eu and Th on montiffamite is 95 and 128 meq/100 g, respectively. The Eu-species calculated by
MINTEQA2 are Ed*, EuOHY, EuCG, and Eu(CQ),. The Th exists in the species of *Th Th(OHE*, Th(OH); and
Th(OH), in the aqueous phase.

Key words: Europium, Thorium, lllite, Montmorillonite, Adsorption

LM B Al TS FEolt GHe FRABLE FEolee o5

AQAAA=H oA mig- Fad Agelrt. 53] A WA

A% u Ay AV B e fAl BEE a7 78 5o AE Aed Aade oRE G B gasle] ), oge Wk

B4e A HE0R Aal AR Hh o5 AR NHE  A7h S, enie wlg A6 sk BAE Bxiee Be o

Aol Adse] A SRt X|sireke] &l ofste] galjw o] To] el HaL vk wEbA] o]ES ARPS W AAdE GRS

ol5stn g onE AUAR §58 bedel drk TRER A5t 7] flald olsel a9k ASWE ohe FEel FATe FAS
o8] FF&olut WAKY ] AFd i drF Fasitt A Aol & of FTH1].

FREEUH BETNS $2Hre) ARG Ao AHE WA

TE-mail: munkang@kaeri.re.kr )go]r] the ofEls #F-59] fAA (analoguel AHE-ElE o]t

753



754 ol - AT - A - T - A

FEFS VUE A2 obiel g Am) S8 Aol vz of
4e] HARE Mg B BHS WAL gtk R oHE daw
ELEF(V)T 5314 550] SAIThL Geld sith2). Ashie
e BB PYs0] Yo, We P AXs: 2UYEuT o
o Fahslo] AL AsEol HEGF] UF P A 2

=

E o y
F&5-g 7t mEbA ol Alsted FEZE 9% A IF
9 Fao) FAEAMo] ApEold YrH3, 4] 2} 2-13 (bi-uni type)
AEZ 2 3 dTE3 TP 440 ol g A+ BA &
£ A olr}, delolEfillite) & EEE 210 E (montmorillonite} T3
2ol AEAERA AR TZ A7} (silica sheet) A9} FHA) T
Z9] 7Irlo]EZ(gibbsite sheet) A= TAHE 2-18€9] B4} 722
olFol4 ST}, 6]. & F-& TS Sk Ale] Z AlF MgE

&2 gHisomorphous substitutioR)d & A82 WA Hi o]& A

I o]-n

toll s e qfol2o] F3 SAtold] EA gt S0 EAdhe &
o] 2L ThE ko]of 98] o]2wF WHS-(ion-exchange reactiob)
P8t} 2% =AM (crystaliite edgedl= Sigk Al A%E A7)
o} wARb S0l EAEHA E=H), o] &) M= EHAE vH-g(sur
face complexatior 3l o] Eo] FAHTH7-9). 282 deho]
Ex FAee BlaA ot AEAe Ao BRI Ex ol
wgkze] wou] WeAde] Arky delA UTHs].

B d7dae deEe dixdel 949 BP9 9EE 949
Th*o =z AE FE dEjo|Es} ErgTijo|Egle] Zauke-g 3
2 485 FE) AR FAEAE s148) B stk

0|

N
>
gk

2-1. M% xHE

Ao Algd dife]lEe} Ergauyo]Ex n|=te] Source Clay
Mineral Repositorylx] 358 Ze|th. dEo|lEx v= EelhSe)
Silver Hille] Akx]e]n ko] 2w 2k (Cation Exchange Capaciy)
15 meq/100 ¢) 2L, EU%EL}OI Ex v 9fo] 2359] Crook County
7} A oln FolughsS 89 meg/100gIth. A 52 BHake 240
Table ¥ YERARITH10, 11]. EGF*S} TH* &<8.2 Merckiloll Al A2
© Eu(NOy); -+ 4H,0(99.9%% Th(NOy), - 5H,0(99%)-% 1xX1072M
T (stock solutiong Z}z}t ThE & slAsle ALg-Elg ). 18]A &
o] pHEE-LS HCIO® NaOHE o2 9o o]l ws 243}
1 $8A= Junsei Chemicale] NaClO,-H,0(98%%} Ca(NQ),-4H,0
(98%)= A3 T

701 E°+ VLE A EE A At pHHAS 2F
EUtel TH' 9] =7t 1104 Mol HA st o] &7t
= NaClQ, B=x Ca(NQ),= Z+Z+ 0.1, 0.01,0.001 ¥ H== z_g
3ty pHe 34 Rz HAIZ ) o F=3 §8¢ v+ 1g

T AN 2 S ¥es AR TS 4 %

27 =7F 0.01M NaClQsl ZANA Ed*st The] s&E 1x10°

Table 1. Chemical compositions of illite and montmorillonite[10, 11]

F 1< 102 MAL] & WEAIA AAEg T HEo) =24 S5 38
o] dgellelr AR TS A BAF ] 0.45um AFEL-= opAE|o]E
A ] YE|(Corning 21053-25F AHg-ato] FE3} o8-8 Bajsign
FaE ARdele] BV Th*Y] 38%E ICP-AES(ICPS-10001, Shimad-
zup} ICP-MS(PQ3, VG Elementad ©]8-5te] B389t FE) &
2 BEl'el The) F=e wherl i’@"-‘ﬂ FELoA HkE 5 Bl
o} Sl FEE] zpo]&2 AR ¥he AS 8-o9] pHE combined
-] (Metrohm 6.0233.106% Al—%o}&} 2R84t

al xF

3.&n & 1E

—_——

3-1. 'ITE'EOI =xl-
frggodo] defolEv ERdRuo|ES AV § FAkge] 1
PAEES A7 mE &9 Fo ol Y BT FEE 213
A 6A7F o]l vt A EE & YUTh I—%
= Fig. 1°ﬂ L}E}LH&& o) dejo|Eet ERARLo|EY gk f=2&
5 1de] Azpsid WRe F88] =ethe & 4 st
) iﬁﬂ °:?—_ FL Aol A9 F f2F9 98% Aol
ERgRuelES] 9= 99.9%1t} 1X107M E &) pH
5.9} 52019 oo} dTolEE FHUIEE & pHe A
718t 7.3 7.810]19] ol EREZuo)ES FRE § pHe
8.1-8.31 =23l 28 ZAQ dElE B ERERUo[Eg)
Evtgolle] B]E 05,1,25,5,10,25 giE H3AA FEHIA-L 44

koo EIN:

of¥

g Az}, dEolEe] AL A9 9] vyt 2.5 doH E2H
FR2E] T A2 98% o)d°] HIUrh ERARLO|ESY] H9=
A2} g vy} 052 /Y e A= F2E f2F0] 99.5%
7} STt ols A2 HE 1xﬂ9+ fAHo] H|7} 25¢/L o]AolH B
25 fA9 K2F Tt ol W] W2 S AL Pt

) wsle] 251 T} e 2] e A 10|
Eﬂ W ] ‘uﬂﬁﬂoﬂ 1:1:1—6]—0 O]— 2= 01%‘!\];]_

QAR pHe ez} FEALN FA5A 4
£ 2

oz g ¢ Uk AR=Z gl

100
g 80
1S
2
o 60}
e
S5
I}
T 40
£ —i— Adsorbed Eu, lllite
9 i —0— Adsorbed Eu, Montmorillonite | | &
o <
< 20F —e— pH, llite

—O0— pH, Montmorillonite
0 ] 1 L L 1 1 ] 1 1 I 1 i 1 13 ] 1 ] 1 i

0 20 40 60 80 100 120 140 160 180 200
Time (h)
Fig. 1. The change of adsorbed Eu and pH as a function of time in the
Eu adsorption.
(EL?* conc.=1.00< 10 M, weights of illite and montmorillonite
=5.0 g/L, initial pH=5.9, ionic strength=0.01 M NaG)O

Component (%) Si® AlLOq TiO, Fe,053 MgO CaO NzO KO H,O* H,O~
Illite 55.1 22.0 0.63 5.28 1.34 2.80 0.02 0.08 8.04 64 10
Montmorillonite 62.3 235 - 3.35 0.37 1.95 0.31 0.40 0.03 6.45 7.81
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Fig. 2. Calculated distribution of Eu-species in the aqueous phase equil-

ibrated with atmospheric CO,.

Table 2. Stability constants used for modeling of Eu-species[15]
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Fig. 3. The adsorbed Eu on illite as a function of pH at different ionic
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Fig. 4. The adsorbed Eu on montmorillonite as a function of pH at dif-
ferent ionic strength.
(EW?* conc.=1.00< 10 M, weight of montmorillonite=1.0 g/L)
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Table 3. Stability constants used for modeling of Th-species [27]

Reactions log K
Th*+H,0=ThOH"*+H* -3.2
Th*+2H,0=Th(OHg"* +2H* -6.9
Th™*+3H,0=Th(OHY, +3H" -9.1
Th*+4H,0=Th(OH)+4H* -13.¢
Th*+C02" =ThCCZ* 11.0
T T T T T T T
100

Th(OH) A -
80 | Th* I
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20
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pH
Fig. 8. Calculated distribution of Th-species in the aqueous phase
equilibrated with atmospheric CO,.
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Table 4. Maximum adsorbed amount of Eu and Th on illite and montmorillonite

Minerals llite Montmorillonite
Cation exchange capacity by the literature[10, 11] 15 meqg/100g 89 meq/100g
Cations Ed Th* EU* Th**
Maximum adsorbed concentration by Fig. 5 and 11 x 92 mmollg 2.5¢ 10 mmollg 3.3x 10 mmol/g 4.0< 10t mmol/g
(28 meqg/100 g) (100 meq/100 g) (99 meq/100 g) (160 meg/100 g)
Maximum adsorbed amount by adsorption isotherm 16 mg/g 63 mg/g 48 mgl/g 74 mglg
(32 meqg/100 g) (109 meq/100 g) (95 meq/100 g) (128 meg/100 g)
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