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Abstract: The mobility and transport of radioactive cesium are crucial factors to consider for the safety
assessment of high-level radioactive waste disposal sites in granite. The retardation of radionuclides in the
fractured crystalline rock is mainly controlled by the hydrochemical condition of groundwater and surface
reactions with minerals present in the fractures. This paper reports the experimental results of cesium
sorption to the Wonju Granite, a typical Mesozoic granite in Korea, performed in an anaerobic chamber
that mimics the anoxic environment of a deep disposal site. We measured the rates and amounts of cesium
("*Cs) removed by crushed granite samples in different electrolyte (NaCl, KCI, and CaCl,) solutions and
a synthetic groundwater solution, with variations in the initial cesium concentration (107, 5x10°, 10%,
5x107 M). The cesium sorption kinetic and isotherm data were successfully simulated by the pseudo-
second-order kinetic model (*=0.99) and the Freundlich isotherm model (*=0.99), respectively. The
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sorption distribution coefficient of granite increased almost linearly with increasing biotite content in
granite samples, indicating that biotite is an effective cesium scavenger. The cesium removal was minimal
in KCI solution compared to that in NaCl or CaCl, solution, regardless of the ionic strength and initial
cesium concentration that we examined, showing that K* is the most competitive ion against cesium in
sorption to granite. Because it is the main source mineral of K in fracture fluids, biotite may also hinder
the sorption of cesium, which warrants further research.
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Table 1. Chemical properties of the Wonju groundwater (WW)
and synthetic groundwater (SW)

elements wWwW SwW
Groundwater parameters
pH 7.2 7.5
EC (us/cm) 432 124
Cations (mM)

K* 0.14 0.14
Na* 227 227
Ca* 1.49 1.49
Mg 0.42 0.42

Anions (mM)

Cr 0.13 0.14
NO;y 0.64 0.64
SO~ 1.07 1.49

HCO;y 2.48 1.24

Al 882 Cs-1373 31814 Asol fAke JHE &
2401 Al£-133(Cs-133) ICPE E58-9(TraceCERT®,
Merck)o 2 A X3t} 58N F5+= 1000 mg/
Lo, sl &S Arg Z73 33} FHTE 3
Al A% E(133 ppm)S] 23} L8NS A Z3}]
Aol ARSI AT Askret fake 9 A8t
o 8N (Table 1) Smith er al. (2002)2] WH-S w
2} vl R . YR 38 T = Visual MINTEQ
(ver. 3.1) Z2 3-8 ©]83)(Gustafsson, 2011) A4+
gk A, A ARS8 2 FA Ask W
Aol 3tstE-2 pH 7~9 M9 B5F 99% o]/ Cs

ottt FHEPL olAE B 2] AlgEEE g

28] 332 42k (batch sorption) A3 07 A5t
o} ZgZ239 50 mL ZYZ FE(Falcon Co.)ol
B3k 31739 4 g3 NaCl == KCI 001, 0.05, 0.1 M
golo]u} CaCl, 0.005, 0.025, 0.05 M -8 40 mL ¥
I AF FFENE FYE 27 AE FEE 107,
5x10°%, 10, 5x107 MZ ZZ 39t} pHE 7052
A5 A8k pH w3 FARHA 2483 ol
z7AE Fxd e AFE #B7ol(Langmuir)?} 22
29152 8] (Freundlich) =4l 283ttt 2 Fo
2 Z2EYs] TS 47 A (H)F =

Uepdie,

_ quLCe (1)
714K, C,
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et al., 2016):
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Fig. 1. (A) Sorption isotherm and (B) kinetic data of Cs" to crushed Wonju Granite and their model fitting curves at 25°C.
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7}z 0.929} 0.992, AFd ol E 229583 &
252 2d=2 o & 29HAY. B/ 5253
w2 AL g =0.004, K, =42.59| 93, TEAE
23] 5253 U2 2 FAYE(m)E 2.03, K=
001 L/mgelth. o] 5253 RdS F24o=
AL FRA A T2 o] oyl BE FEAE 7}
A 7Y 3tH(Abdel et al., 2016; Kong et al.,
ZZETE] 52532 2] 4 AF
ole] ¥¥ A3} I/n Fo] 1RTH Agter, ol &
oA Aol WA Fabo] dojit & uhe o g
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media) S22 2| 7] ettH(Aiduri et al., 1992; Sukul
et al., 2008). H71 APAT(Lee et al., 2006; Lee er
al, 200N E RS 5LF vy 5
7ol tigh Ml 52 ol E A Bk v ot
Fig. 1B Aol whE sp70etel] gk Al 3
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A 12} SErd By fAF 22F SERYUR o 2
AT = ATH(Table 2). I W A3}, FAF 234 S5 B
DO Qe WO ooy 87T 79 FHBIAT
AR 1R £ 2o F2 el FaRig]elA] dojut
£ e HAYUEo R AdEe B2 3 A
"o & 2 REh(Abdel ef al., 2016). ©]9F 2],
FAF 27 = 2dE &% A @A (rate limiting
step)’} 3}&H4 Q1 422 (chemisorption)?] A]2Ee] 2
-8 % thHo and Mckay, 1999). 7] 1o ]shd
Algol Smol 2 A, @5 37 3o vid 7t
2] (frayed edge site, FES)oll $}8H4] A%He sl
Aoz d#A Jdtk(Sawhney, 1972; Zhacara et al.,
2002; Fuller ef al., 2014). webA Alg =2 9he-&w
EAARE Alge] FEREo] 2 SRt e
E4 BB (Hsu er al., 2002) Lojvh= 318H4] 4=
2Rl Ao & s Hrt.
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w2} 274 HakskA thFig. 2). ol &A1 7] 2|3k ¥
stk wj A A S7et 27 Algsiel wet K,
wol ZA skttt 2 o] 2A)7] 274 NaCl
g0l K, gol AY ¥, KCl g4 K,
ol A vt v HE " KCe 27] AlFss

+ ARl NaCl 23} tiH] Hi 81% o]/ 2&
AE FES BT 27 AldsE 5107 M
ol A, NaCloll A 4258 91.2-93.6%, KClolA 2] 4=
52 10.6-28.6%1 EHSIHATHK = 103-146 mL/g vs.
1-4 mL/g) (Fig. 2A). A2 H]523t o] 2HH3(Cs" =
1.69 A vs. K'=1.33 Az} 58}ol|u1#] (Cs* = 284 kl/mol
vs. K'=-397 kJ/mol)Z 23 I 5 35 GAM
(Warszynski et al., 2002; Bouzidi et al., 2010)2. =
A3l Mgt Eepgol A2 sl 2 BAsE A
o2 gk}, el vjal] AFY dEe e
2 AL dal= ZAow Hlth 7|E $rA4
A& st Mg 52 AFolM =, Al Na'9}
H'9 744 J&S A9 x| e Zloz Byg v}
2 TH(Sasaki et al., 2007; Fuller et al., 2014).

7] AFEE7t 2255 W2 K @2 B9
o} NaCle] 739, W2 AlE5E(5x107 MelA 146-
103 mL/g9] Ky #& Ho|3(Fig. 3A), =2 Al&Fs
Z(10° MM = 84 w2 7899 mL/ge] K, #t<
RAKFig. 2D). CaCl, w73 s| oA = NaCle] 7
o FAREE Al FE AEE BAFAT 271 Al
Ferol wE 250 & ks sy ®Hl Al
Zoll el =& F 3% (high affinity) S =2 9
Uzl ¢aRie|e vhe 218l g 7 Rk
7} EAEE ougitt, 7)E AFAHel o5 =
st = SR
(Hsu et al., 2002; Fuller et al., 2014). o 2]
HRro 2 Mgo] FAsEES AgsA F
DA, G AlgEEolA g o] A7)0
K, #tel Wislete Aad-2 FatE Algo] uF
A& (inner-sphere surface complexes)iHS ©|F=
old Aoz HAkFEti(Antelo ef al., 2005).

%y

W oo

Table 2. Kinetic parameters obtained by the pseudo first- and second-order kinetic models for Cs sorption to the Wonju

Granite
Experimental data Pseudo-first order model Pseudo-second order model
C, (mg/L) 0.133 k; (min™) 0.018 k, (g'mg" min’™") 0.22
Qe exp (ME/R) 0.0013 Qecar (ME/2) 1.32x10° Qe (ME/2) 1.33x10°
r 0.89 r 0.97
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Fig. 2. Distribution coefficients (K;) of Cs adsorbed to the Wonju Granite samples as a function of the ionic strength in
different electrolytes (NaCl, KCI, and CaCl,) and C, =(A) 5x107, (B) 1x10° (C) 5x10%, and (D) 1x10° M. The K, val-
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3 HAFT),
K gguo 92

A 8kr2] Na'

2}

=2 “}(Table 1),
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Fig. 3. Distribution coefficients (K;) of Cs" adsorbed to a
series of granite-biotite mixtures as a function of the bio-
tite content.

7Vl 3A A5 FRRe A fXIS AR =
Sxo] M-S M3 53 pH=7, NaCl=0.01 M, Cs
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