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Characteristics for the Copper Exchange Reaction by Bentonite Buffer
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ABSTRACT : The bentonite, a buffer material, is essential for the deep geological disposal of HLW
(high-level radioactive waste), and it is important to know its characteristic long-term evolution in the
underground environment. With an assumption that the concentration of aqueous copper ions will
increase if copper-coated materials on a metal canister are corroded, we examined some characteristic
ion-exchanges and cation release phenomena occurring in the bentonite clay (montmorillonite)
interacted with aqueous Cu cations. During the interaction between dissolved copper and bentonite, Na
rather than Ca cations in the expandable clay were preferentially replaced by Cu ions in the
experiment. In addition, the Cu-exchanged montmorillonite was characterized by an asymmetric X-ray
diffracted pattern with relatively collapsed interlayers compared to the raw sample. These results
indicate that the gradual change of the original bentonite property may occur in a underground disposal
condition. We are going to further study the characteristic chemical and mineralogical changes of the
bentonite buffer to be used for the disposal site by conducting additional experiments.

Key words : high-level radioactive waste, bentonite, copper ion, montmorillonite, ion-exchange

*Corresponding author: +82-42-868-4735, E-mail: seungylee@kaeri.re.kr

— 293 —



=
AEAPAHI A7 =S As Aol A&k 9
A= '11'.“1’] J%lOﬂ TES e T8
T4, 95T " AD)ER ozt Ao

909 A1 29 s B g5 e

= F Je HHEZH] HEA "JB_O]-E}(Lee et

al, 2007). A7 AREIS s HEEA
Fol Adaolan A5 5

2 IHEE ME
Ho] Hold ‘WEUo|E Y} §383 TR BT

CRERRER

HEo|EE ZRYiolE(sHelo] =) 3
gol $ B HEZ FAH] gow], N, 3
4, TYE D AgeelE 5L 4% Fin 9

o} ErgZio|Ex AHHEOE o0 F 2:1%

25 7N FHEL —ri A A ol A 9]
g x) 2hol| -4 H g’“ﬂ" Hlnteralyers)oﬂ =

s s A7 &
PASTA ‘ilEHGrlm 1968) ul
 Fe she 23 1%
Eavat=t J§7‘]'(swellmg)o}04 =
0]5S YA FF o7 LAaAI|E A5 B
Holm AAAOZ ufg- e —’Fﬂxt._x_(hydrauhc
conductivity)E 4] ?1] i) HEYolE U &
d21}o|E9] I F{Hplaty interlayers) okolg
9] FFol W2} Ca- ?ﬂﬂr Na-3 HlEUo|EZ 34
URAR, A QAo Cad EY
|E7} S-AISAl EAZTHNoh, 2002). % 3¢
Fol $AEkE WA 93] 2100 EAsE
Na % Ca ¥ol&E9] QQX—‘JEE =g Eojg7]
1 3K hydration) =4 FXHFA0] A} Ho|A|
=0, Naol vl3] Ca®] 43}<(hydration number)
7} o} Ca-q) MELO|EV} A0 2 ARAE
7} 2t}

B Ao 5242 uE A E AE87]
2 g T AEAE TEEE 87I(Lee e
al., 2012; Choi et al., 2013)9} FZ3d= HlEUo]
E9] B4 WH3lE duA sk Aok ol
ﬂx]OPﬂ] TEE"-87]= AR w2t o &

AE o3 AZF T4 ¥ L(Rosborg er al., 2005;
Lee and Jeong, 2013), 1o wg} F2l7} HA}F &
ZHo] T o]2So] EMiE HEska gl Hl
Elo|EY AZo] vl Ao=E oAE 1 9t} =
3 AR 2% F5(100T ZAH) o= 01511 ul
EUo]ES] ¢fo]2A]gHcation exchange) 5/3°]

ol
o
it
n:?i
&
Eg
—Ll

IS )
Y
4>

NI 2
rlr
lm

o
ey -
_llm m

2
[
o lo
oot
&
ol
_8.

=)
i

10 dlo HIl M ML offt ot

713k J_-9‘(<10
dy ’3}":1 A= AL
@?@EL}O]E(“@@ oA “AlE FR]

T s} 3 Hre 381
2} 0}0}1:} #4A :rLﬂ LURAR S R S - 51 2 B
S ATV kS & TEH LYESS AAs
© HHANA FRHAL, wEpA Fefol F3F
52(adsorption isotherm) A& E0] FE o]FNL
(Oubagaranadin and Murthy, 2010; Akafia et
al., 2011; Anjos et al., 2014), pH, °] 7%, 1]
I Aol EY FF T5 AYERe AYPSel ¥
K Zhu et al., 2011).

SN B AFeAe el BAE HEY
o|Eq] tigt T2l T FERE2AE Hoe A
SHAE S B ARES st doE FH|
stk &, l'?‘éloi s =8 FE(TElol
TEAH7E AAYeA e HEFEA] A
Elo|Ee} ghg3ith= 7Pt 384 w3y
TP, ol T8l HEUC|ES FE X3
A 9 ol 59| &% WsE ARt wet
iﬁlH}kE} T MRS A2A 60T7HA
A HIEUO|E 28 E4of tigh 259
b F7HA R ARt

0‘”‘ to 1 ol mlo

Al &
=

DQ_

U

A& Z=H|

Ao AL HEUo|Ex AFA obdd Hl
EL}O]E v(t': ]'oﬂ/ﬂ iH—H‘ Z,-IOE J+7.] _—,1%
oA thksl tEwlEUo|E Az, B4 =4 2

AF M A Tl ARREHAY AH FL3HE
Uo|Eo|th(Lee et al, 2002, 2009; Yim et dl,
2011). & =Fo|A —,—Tﬂ“ o] HIELO|ES o]3
“AFHEUo|Egly At AFHEUCEE
Ca-¥ HIEUO|EEHN, F 318t 242 Si0, 56.8
%, AlLO; 20.0%, Fe;O; 6.0% 2 7|E} A% A&
o2 FAE QthLee er al, 2009). ¥ AF9
Yol &l ¥s(cation exchange capacity, CEC)<
57.6 meq/100 g®IThHLee et al., 2002, 2009). A
A FARE 2139 ASEEE-S oafstal
7t AFHEUCE £ Algol ths] ©E A
A& FskA gsirt.

~ 294 —



|
o
0

EH
=

]

v Ol
X
=,

ElolE9] X3 EAS Yolry] §
0 mL 75 890 0.5 go] HlEyo|E Bt
EAZAY. T A2 CuCl, - 2H,0)2 0.05
FE9] stock solutionS HA A|Zs\ AF
| E1to] Eof] thal 3714] $%(0.5, 1.0, 2.0 CEC)
Py FUsT g AFHEL e Eo
729 0.5, 1.0, 7181 2.0 CEC 5= &
=2 shikeld 27 144, 2.88, 181 5.76
mMeo|th. 29} HEUC|ETL 3 Eoi%le Wt
< 8718 2571 g2 2AB0TS 60C)NA Z+
ZF 79 o] 120 ipmOE WHHAIAFUTE &I
A7 B2t 72171 §lE thxT(control sample)
HEUO|EZRE A% Soh}os Yo|ER &
At} FuAsE S8k

AP oW WHESIon, vt FAPE
|83t SANEE AHH 9 AFst] B3
I, & Y5 TS Jol|2E9] 59 pH ¥
3}l 55 A&EHoE HESAT

ol N

f

of & & X o 2

o

U F7I2 AHST &Y U §F YolEY
ICP-MS 41 93l 8N EE 0.22-um FEE
o7stTh SN R pHE 43 A3} WlEY
o]Ext 9l Z$-ol= pH 8.0-9.0 HHS #A5}
PAT FEE HolF A9ole pH 4.5-6.00=
7Aoo, &9 pHrt FElss vlEste 7
adhe A4S HAFIh

5|2 HhS-AE o]F ErndZjolES] FIhA
St5 dolry] 93l AFT Fid HEASE €
glolEF g 290 Wojmy ARA7|1 X-A3A
EA(XRD)E FH3IAtE. XRD #412 Bruker
D8 Advance (Germany) E2-& AR89 01, 40
kV/30 mA 2O Z °20 60°7H4] CuKaZE 2435}
Aok

FE-SEM (Hitach, S-4700) FAPAAEH] 7S o]
g3t} Ago] it HIEYOIE N5 FE EA
2 Cu F 55 A4 1 AHLS A&
Y712 1HE Eest vty IdES wE
A ARNZ F, 1129 AISE SEM Edof #
2ty ghA Ho] Z(carbon tape) ol ILF EAZ
I ZF A 00,5 EARIT SFAl F'(~10
nm)3te] #2359tk D Qo) wel SEM-EDSE A

Telsr ¥ 2T IOt mE HELE &
o|2us 54

T FEHEI7T FAEEA FE7E SE(Lee
and Jeong, 2013)%1 °|% HE3l= HFHIEY
o|E9] Fgl-x|3-go] dojdth= 7PHstel Al
7K BE 5505, 1.0, 2.0 CEC)Z Fgo]2%
FHlste A8E a8tk WA 0.5 CEC T8
E5(1.44 mM) 2stelA B8E F Qe WE
L}o]E9] Ca®} Na ol w3 548 Ay
HOyThFig. la). WA W& AlEE(control
samples)S R, §& FE7} EA5H4 grja=
NaZl 433 (1 mM o) HEYo|EZRE §&
o] UgtEt), o]& HEUo|E Aoy Ril=
HEUE Algo] dF =z3d BHEF
(Na,CO5)9] 83l ddes FHHET F AR
FEANE(E, FEEIdEo|dA0|(F)dA 7
FHIEUE BUAE F0|A] ¢ E i fE
Wo|E 94 Buz spshe FAdA o)He
FEERZ Jold e EFC] & A5} 4
ol e AFE HHETE £ AEE 0CE
U 2AoAMe 25 T B2 Na 82 E4E B
Hil(Fig. la), o]H¢ 279 Na §=%S FaL
st o2 A5ES st

30T =4 347 ool 8 FEo]9
70% ol’do] WIEUo|Ed F2E I T o] Fd
t o] A ¢9thFig. la). 25E 60TE
2 ZHNME 10% o) B B2 Feolo] F
ZEQlon, 1 o] Fo= 30C 247 1S3 T
72 Es Bo F9oh o)9p e FE4E 3
Aol|A o] u g P §EH+= Na9t Ca ¥5 F4l
< AVEYE, 5 Aols oy A AR 9
8-S Holu QtiFig. la). &, °l59 7% &
o] 78] F (AT ¢ 25 ot 443 A
H Aog nalg,

Fig. 1b2] FEl§% Hslade 27] Feessrt
1.0 CEC(2.88 mM)Z Fig. la Ht} 28} £& H$
olm, ojul= Z7]ol| &F 50% HEe TFelo]o]
HEUo|Eo] F2EQa 1 o|Fells Mo
Aokt 257t sl wet e R S3t
FO)2E(Ca, Na)2] ol2udlego] &4 Frlsh=

— 295 —



o154 -

Concentrations (mM)
<

Concentrations (mM)

Days

o4 -

Hge - 455

- - A-— Ca-307Control)

- - A— - Ca-60°(Control)
—2A—— Ca-30°
—A— Ca-60°

Na - 30%Control)

- 60 Control)
Na- 30°
v Na- 60°
—#— Cu-30°
—#%—— Cu-60°

Concentrations (mM)

Days

Fig. 1. Concentration curves of the major cations (Ca, Na) released from the Gyeongju-bentonite by an
adsorption of Cu over time in different aqueous Cu loading and temperature (30 and 60°C) conditions. The
initial Cu loadings were (a) 0.5 CEC (1.44 mM), (b) 1.0 CEC (2.88 mM), (c) 2.0 CEC (5.76 mM).
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Fig. 2. A SEM image for the Cu-exchanged bentonite
treated under a Cu-2.0 CEC condition. Arrows on the
SEM-EDS spectra indicate the copper existence in
the sample.
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Fig. 3. X-ray diffraction patterns for the montmorillonite
in the bentonite sample treated with different amounts
of Cu loading.
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Fig. 4. Schematic models for the raw and Cu-exchanged
bentonites (montmorillonites) characterized by their
different interlayer spacings.
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