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Abstract

In this study, an experimental study on the sorption properties of uranium{VI) onto a bentonite
colloid generated from Gyeongju bentonite which is a potential buffer material in a high-level
radioactive waste repository was performed as a function of the pH and the ionic strength. The
bentonite colloid prepared by separating a colloidal fraction was mainly composed of
montmorillonite. The concentration and the size fraction of the prepared bentonite colloid measured
using a gravitational filtration method was about 5100 ppm and 200-450 nm in diameter,
respectively. The amount of uranium removed by the sorption reaction bottle walls, by precipitation,
and by ultrafiltration was analyzed by carrying out some blank tests. The removed amount of uranium
was found not to be significant except the case of ultrafiltration at 0.001 M NaClO,. The ultrafiltration
was significant in the lower ionic strength of 0.001 M NaClO, due to the cationic sorption onto the
ultrafilter by a surface charge reversion. The distribution coefficient X, (or pseudo-colloid formation
constant) of uranium(VI) for the bentonite colloid was about 10* ~ 107 mL/g depending upon pH and
ionic strength of NaClO, and the K, was highest in the neutral pH around 6.5. It is noted that the
sorption of uranium(VI) onto the bentonite colloid is closely related with aqueous species of uranium
depending upon geochemical parameters such as pH, ionic strength, and carbonate concentration. As
a consequence, the bentonite colloids generated from a bentonite buffer can mobilize the uranium(V1)

as a colloidal form through geological media due to their high sorption capacity.

Key Words : Uranium(VI), Buffer Material, Sorption, Precipitation, Ultrafiltration, Bentonite Colloid,
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Fig. 1. Size fraction distribution and weight concentration
of the bentonite colloids measured by gravitational filtration
method
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Fig. 2. The results of XRD measurements for (a) the original
Gyeongju bentonite and (b) the prepared bentonite colloids
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carbon coated grid “Scale bars: 20 nm (left), 500 nm (right)”

ool tht -2 WAAEE PYPAFF BujAlse
K, (mL/g)E o|&3te] Jeldtt, F=ojzo it
| Fo] Ak el ool RARE NFS o] 83}
AT JAERE 449 K(ml/ge
o83} Zo] Ao FrH16,17):

5] (l=10)  ar

Ul (U] (c]

il

Ky
oA7|M Ko 4 Bl Al (s oAHER o E §
g (ml/g)oliL, [Uks &Holre $elge &
E(mol/L)e]aL, (Sl FRol=ol 3hd 2elg 9
FE(mol/g)elx, [Cle &9¢ BRug &3}
 E2ol=9 FE(mg/L)o)L, [UJe ¢k &
71 =(mol/L)o] L, ME L/mg2] mL/gl 29| e
2t Q1A (=10%) 0]t}

o}, $EbE(VI) &A% B4

FAAY 53 Al L) YHo | 3 T
gre| = Fof o3 fetge] £4E U8 e
] olejgt £ A £2AY Ade) 02 fuk
3 Bl olelgh &3kl i3t A% Frp) F
a3t} 94 Ll HEYOE 3 ulg 87]9)
Ho et el A% B8] A8 FAY
£ HIEo|E FRo|Ty} EAEA] g 27eA
o] 2= (AARE NaCloe] ¥%)9} pHE W34
719 F3stdct. A8 23S Fig. 40 YR
¥H-3-87) o) o8 Sty &AFL o) n
43¢l T4 pH 9900A 718 A vebstgt

[
<

Us]=10° M
{C]=51 ppm

——0.1M

—
v

—a-0.01 M

—a—0.001 M

Percent of U(VI) ranoved by bottle walls (%)
I S

=]

Fig. 4. The t of U(VI) r
bottles in the sorption experiments

d by the used reaction




dJ. Kor. Rad. Waste Soc.

Hd 10% A=E 2 JFo| IA gL Aoz v
stk 183 o] 2RI RESE E£AF o] FU13)
= AL Hol7le AN 1 ztole A ¥ A
2% YEpsTh 223 pH Hatel] i #3871 Y
Aol oJgt $ehE <4 A5 pH Wl o3 dut
A fakg FAATH A FAM AEFE Ue
T A2 v]Roj19] 3 wAUZ o5 ehw
o] ¥H-3-8-7] Yol Rit5E o2 FPE,

Fig, 5ol ghojodn}ol o3t ¢ty 4% 248
At FAE FHE e odt. Fel AT 9et £
g 49 A$-d o] 2735 ¢) ko] IA Yeht
I USS ¢ F U 53] o] 2457 0.000 M A
T2 of$ e A4d $A4 pH JHolM A BE
Setgo] ghelolrtel o3 &aAsE Ao et
o} getA WMEYo|E-SElE RS A Al
o ajlo) o8 WEL | EE EEFhs A2 &9
9] 0] 27 =7} 0.01 M 0|5t 54 2447} wij¢- A
A AF)Ees 298 de & F218 " g}
ATk, ol3t A2 3hefon FE A9 Aek-A
91¢f Wztel) 7)Qleh=), Hxo) YA A P
HEde AMetAdE g0 A8k Hsjde &
o] &o] ejFH Aol BA ol ule} Welx W Ale}
A7t Zadte $A3E WA = gt $ehE
1} e ol Eo] W HWd) i Ho g dF
o] £4E fdshe o g geiA Urhi18,191.

% $ehs 5%
HEo|E 22|24 o)

3}

hd

L /‘\\\
| / \
y

- 01M

~a-0.01 M

-~ 0001 M

\  [Ul=10°M

[C]= 51 ppm
e AN

10 + \.

Percent of U(VI) removed by ultrafilteration (%)

11

Fig. 5. The t of U(VI) d by the ultrafiltration
as a function of pH at different ionic strengths of NaClO,

-240-

Vol. 4(3), p.235-243, Sept. 2006.

|A 9 o] 27} pHE WS S 2HE
Fig. 6l eI, o] 27257} 0,001 M NaClo; ¢
7354l ghollA =2 ule} o) ghe] ool o7k ¢
2 €40 WA A 292 de F
ek, ol =7} 0.1 MY we} 0.01 M 3¢5 ¥
WIRA FAHG AN Ao FFo] vEhtA| &
ARk A2 gz GHoX e o] 273w HFFol b
Bt glon ol2wr) g o] FUt
gt

HELE Z2ol=o] Y3k $2hFe] 43 2
A% K= pHZY S713e wet S71sitit 24 9
%2l pH 6.5 A A Hoigkel oF 10" ml/g =]
&g 7 F e Jdoz pHY} F71ehe wet
A Zadhe A%e 29FE, £3 B =
pH9 we} 104107 ml/g A=} & 7HAE AL
#FEEA o]E HEYelE R0z U3 Ruj
AlFe it iEVo|E HE abEd] il BujjA)
FH} vl 374 Jebdisd) ojE Z20l= Yzt
A7)7} w27 wfiZel At dad o & 8
AHE AF3r] i o Agdd &, HE
olE R olxe] FHH0|(217.75 m/g) AFHE
VolEo) E#(59.88 m/g) B} oF 4uf] A% AT}

it o 7 el o] E(smectite)(EE 21} 0]
Ex 2dElo|E HET F9 shtolrhdl gt -2
ol e vdy 2 B33ty A7ARE o3}
W 13T WA (fixed charge sites) ] o] w3k}
2 2]k (edge hydroxyl sites)e] 2315} whg-
o 7]¢lshe Aoz dEA gicH21-24], whelA 29

1.0E+09

[U]=10°M
{Cl= 51 ppm

LoE+08 L ——0.001 M
—g-—-0.01 M

—a— 0.1 M

1.0E+07 t

1.0E+06 |

&= =

E ‘/;\&"‘/n/ ;—N‘\\\\/——‘

= o - —

& L.OE+0S L - \\ oo
\‘A/‘H/A

1.0E+04 +

1.0E+03 |

1.0E+02

2

w
»
'
o
~
]

pH

Fig. 6. The distribution coefficient (Kd) of the U(VI) sorbed
onto the bentonite colloids as a function of pH at different
ionic strengths of NaClO,



An Experimental Study on the Sorption of Uranium{VI) onto .--

Elo] E(smectite) AlFe] MEFE 2] g 2 o]

24T 3 we pH dYdM= ol 228 Hkgo] A
wFo)n}, & pH 949 B £ o) 2L NN

FHER}E vkg-o] Al A o|t}20,211,

o2 fetE FAEAHL FEHAX 9 St
9 e dHsA a0 UvHe), 47
71z79 F8A A pH 5 ofste] AP HAX =
U0, 7t Al o)1, pH 67HAE (UO,),(0H),* 9}k
(UO,),(OH)s"7h Aufj A o]ct, 1] 3L pH 6-8A}o] of|A]
SeHE-TAs-gA AT FEAU
(UO,),CO,(OH), 7} Al & o] 3}8tg-0]3L, pH 8 o]
o) gzbe] Gl A UOLCOy)," 9 & Sol&
gstgo] AujAel Aoz Astse] A, $eF 3}
&goll gt A ALHETE T2 AT AT A
A A = JcH25), Fig, 6l pH7} 78} & ¢+ 9
Aollx HEY|E FRo|=o) U3t $2lF 2 o]
F43] 2 A% RAFE o)e kgl
g ghgate] Sol2e SetE-FtHUI0E B
3}A(Uranyl carbonate complexes)& & Ad5}17] wj&
ol Aoz Atgdr},

S HEWYOE ER0|=9] FE7} WlEL}e]
E Z3ol=9] $eu(VDY F&d njxE JEge
23t AP dTolnt, HEVE FRol29] %
0.5 ppmellA 1000 ppm7kAl W3IA| 71 $etg
FAFS A A, HEY|E Z2oj=9] F5
7t FVEFE 5 TSR S8k 2 $Uhe)
AL s-=del FeE skAa g o 2= ik
HEUE F2o|=9] FE7} ¢ 5 ppmelA] HE

T

Fig,

Yo M|

[o 3 e}

A==

[Ug=10*M
pH~ 7.1
1=0.01 M NaCiO,

S

o .
0 1 10 100 1000
Concewration of bentonte colbids, [C] (ppm)

50

Percent of U(VI) sorbed (%)

10000

g. 7. The effect of the colloid concentration on the sorption
of U(Vl) onto the bentonite colloids

-241-

SehE F&Ee] F33] F71st7t 500 ppm o)A
o] SJE #33o] Ae| Eehdg o 5 Sk o] e
BEE FoHF 9F9 s IEY|E FRol=
o wxEol 3 e @) gEo] 3E8) 52
(sorption site)S A|F3}7] wjiE£¢] Ao 7 FZHc},

(o3

=2

) Wy

V. 2
A7 Ao olatel A&
A @A 2= gl
e %01] B“EUrOIE iy] o &
2 8 $hF 5% 2o A AFED %)
Agsta] A ER o= FHE A54E gt
olFE 7hsAdol oAl sttt A A2
B 2 E B ol E Z2 0|57} gAY #AF 9] o]
o) n)x)E JFS FHE) YA Ao o))
WA El= dEVo|E ZRolso] wAlek Asly 2
oA o] b, WA BF £ 7F9Ad, A8t
TE 58 olF 54 T I BN Heh dd
g 84 2 A AAE 20L BAD 5 AsheE
28004 37149 EEo] o Y=o} FFAL
H7E7} o] Fo Aok & Roltt,

e 2

g ATE Alenst Fase

A7l Ao w FRHLAGUL,

A4

7

u.)‘l_:

d

r-ln

[1] Korea Atomic Energy Research Institute (KAERI),
Progress Report on the R&D Program for the
Disposal of HLW in Korea, Korea Atomic Energy
Research Institute, August 20, 2002, Daejeon
(2002).

[2] N.A. Chapman and I.G. McKinley, The
Geological Disposal of Nuclear Waste, Wiley,
Chichester (1987). .



J. Kor. Rad. Waste Soc.

(31 M. Gardia-Gutiarez, T. Missana, M. Mingarro, J.
Samper, Z. Dai and J. Molinero, “Solute
transport properties of compacted Ca-baentonite
used in FEBEX project," J. Contam. Hydrol., 47,
pp. 127-137(2001).

4] W. Hauser, H. Geckeis, J.I. Kim and Th. Fierz,
“A mobile laser-induced breakdown detection
system and its application for the in situ-
monitoring of colloid migration,” Colloids ad
Surfaces A, 203, pp. 37-45(2002).

[5] R. Pusch, Stability of Bentonite Gels in
Crystalline Rock Physical Aspects, SKBF/KBS
Technical Report 83-04, Swedish Nuclear Fuel
and Waste Management Co., Stockholm (1983).

[6] P. Grindrod, M. Peletier and H. Takase, H.
“Mechnical interaction between swelling
compacted clay and fractured rock, and the
leaching of clay colloids,” Eng. Geol., 54, pp.
159-165(1999).

[71 U. Alonso, T. Missana, A. Patelli, V. Rigato and
P. Rivas, “Study of the contaminant transport
into granite microfractures using nuclear ion
beam techniques,” J. Contam. Hydrol., 61, pp.
95-105(2003).

(8] WiTlE, 247, UEd BeHELOlE B9 A
Aol the ARAH A7, BIPAA7 3R,
3, pp. 341-348(2005).

[9] M.H. Bradbury and B. Baeyens, “Modelling the
sorption of Zn and Ni on Ca-montmorillonite,”
Geochim. Cosmochim. Acta, 63, pp. 325-
336(1999).

[10] O. Abollino, M. Aceto, M. Malandrino, C.
Sarzanini and E. Mentasti, “Adsorption of
heavy metals on Na-montmorillonite. Effect of
pH and organic substances,” Water Research,
37, pp. 1619-1627(2003).

[11] S. Nagasaki, S. Tanaka and A Suzuki,
“Sorption of neptunium on bentonite and its

migration in geosphere,” Colloids and Surfaces

-242-

Vol. 4(3), p.235-243, Sept. 2006.

A, 155, pp. 137-143(1999).

[12] W. Xiangke, D. Wenming, G. Yingchun and T.
Zuyi, “Sorption characteristics of radioeuropium
on bentonite and kaolinite,” J. Radioanal.
Nucl. Chem., 250, pp. 267-270(2001).

[13] T. Missana, M. Garci a-Gutiérrez and U.
Alonso, “Kinetics and irreversibility of cesium
and uranium sorption onto bentonite colloids
in a deep granitic environment,” Appl. Clay
Sci., 26, pp. 137-150(2004).

[14] W.J. Cho, J.0. Lee and K.S. Chun, “The
temperature effects on hydraulic conductivity of
compacted bentonite,” Appl. Clay Sci., 14, pp.
47-58(1999).

{15] E. Busenberg and C.V. Clemency,

“Determination of the cation exchange capacity

of clays and soils using an ammonia electrode,”

Clays Clay Miner., 21, pp. 213-217(1973).

[16] C. Degueldre, H.J. Ulrich and H. Silby, H.
“Sorption behaviour of **Am(Ill) on
montmorillonite, illite and haematite colloid,”
Radiochimica Acta, 65, pp. 173(1994).

[17] M.H. Baik and P.S. Hahn, “Experimental study
on uranium sorption onto silica colloids: Effects
of geochemical parameters,” J. of the Korean
Nuclear Society, 33, pp. 261-269(2001).

[18] J.M.M. Peeters, J.P. Boom, M.H.V. Mulder and
H. Strathmann, “Retention measurements of
nanofiltration membranes with electrolyte
solutions,” J. Membrane Sci., 145, pp. 199-
209(1998).

[19] D.B. Burns and A.L. Zydney, “Buffer effects on
the zeta potential of ultrafiliration membranes,”
J. Membrane Sci., 172, pp. 39-48(2000).

[20] J.M. Zachara and J.P. McKinley, “Influence of
hydrolysis of the sorption of metal cations by
smectites: Importance of edge coordination
reactions,” Aquatic Sci., 55, pp. 250-

261(1993).



An Experimental Study on the Sorption of Uranium(VI) onto ---

[21] G.D. Turner, J M. Zachara, J.P. McKinley and
S.C. Smith, “Surface-charge properties and
UO,2+ adsorption of a subsurface smectite,”
Geochim. Cosmochim. Acta, 60, pp. 3399-
3414(1996).

{221 S.P. Hyun, Y.H. Cho, P.S. Hahn and S.J. Kim,
“Sorption mechanism of U(VI) on a reference
montmorillonite: Binding to the internal and
external surfaces,” J. Radioanl. Nucl. Chem.,
250, pp. 55-62(2001).

[23] C. Henning, T. Reich, R. Déhn and A.M.
Scheidegger, “Structure of uranium sorption
complexes at montmorillonite edge sites,”
Radiochim. Acta, 90, pp. 653-657(2002).

[24] C. J. Chisholm-Brause, J.M. Berg, KM. Little,
R.A. Matzner and D.E. Morris, “Uranyl sorption
by smectites: spectroscopic assessment of
thermodynamic modeling,” J. Colloid Interface
Sci., 277, pp. 366-382(2004).

[25] ¥l &, 2904, $d4, UV 33 2l
gt i HSA A A o) 7] B8 s A,
2, pp. 135-143(2004).

-243



