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Fig. 1. Cd(ll) adsorption edges on (a) kaolinite and (b) anatase at different ionic strength (adjusted by NaNOs). Experimental
conditions: initial Cd(I1) concentrations 0.2 mmol/L, solid dosage 15 m?/30 ml. The results of model fitting according to Egs.
(2)—(5) with the optimized parameters listed in Table 1 are also shown. This figure is based on the data derived from the

literature ©!,

Table 1. Surface complexation model parameters used to predict the leaching level of Cd(ll) !

Anatase Kaolinite

Surface acidity constants

LogK. 2.8° 3.2

LogK. -9.2° -9.2
Surface cation adsorption constants

LogKsocqg 0.1 -4.4

LogKxna - -2.9

LogKxocq - -2.6°
Site density

[=SOH] o (MmMol/g) 0.2°¢ 0.13

[=XTrota (Mmol/g) - 0.035
Others

Specific surface area (m*/g) 9.4° 24.9°

Capacitance x (F/m?) 1.2 1.2

?Intrinsic constants at zero ionic strength, ® Sahai and Sverjensky, 1997 7, ¢ Average value of 12 experimental conditions

? This value is calculated assuming a site density of 12.5 sites/nm? ™7, © Suzuki et al., 2017 2
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Fig. 2. Experimental and predicted concentrations of Cd(ll) in the leaching solutions for kaolinite with different anatase

content. The predicted values were calculated using the Cd(ll) content in kaolinite (480 mgCd/kg) and surface complexation

model parameters (Table 1). Predicted concentrations of Cd(ll) for the leaching solutions containing 0.7 mol/L of NaCl are

not shown because the Davies equation, used to calculate activity coefficients of ions in MINEQL+ Version 4.6, can be

applied to solutions with ionic strength up to 0.5 mol/L.



4.2 pH6.8 TOHEYRLBHEER

PIPES 2922124 pH % 6.8 IZfR H72 735 0.05
mol/L &5\ Z 0.5 mol/L @ NaCl /K¥ikZ A - H 32
Bk 7% 5 [0 IR L 7= 48 % Fig. 31274, £3°. NaCl i
23 CA()DIEHIREEIZ 52 5 BA B 8T 5L, THIVE
HIEFE B I OVERMEELIC Fig. 2 ([ORULIZREREFRRIC
NaCl J & I145 2 & T CA(1) DFA HATE EE AN KR 21
ML, 7FE—BEIRIML TRV LEE K KL T
NaCl #iEE73 0.5 mol/L D ik v ed6Cld L[| B
OB CIRBEIZE ENHRE O CAINAEHL TS
ZENGID, FIUTKIL, T H—EBEIRINUI 15 YRR
B K+1 wi%e A BEO K+5wit% A DA 1T CA(I) D]
BEMES, BT K+5 wi% A D413 NaCl %% 05
mol/L &&E<LT 5 [ A IRL THRER 2D Cd(1N)
FEBICREL-EEThH 72, DY, [FL Cd(I)DE
AETHT T —EEZZETIEENDLD CA(I) D H
PEIFIRL, CA(I) DEREEILBE MR N Z L R TE T,

Fig. 3 1R L7l 3 CIE PRI R B & BRI 00
fRBEN DT, TRFHEIZEE SV CE &N
IPHZLITITFEELERACTH L3, 0.5 mol/L @ NaCl K
WA R A AT To7- 18 B O HZFIE LT K
EHD CAINDIEHICT T2 —B 0 9 B84 T
L7zt EAMS R % Fig. 4 \RT, £7°, 74 —EBEIRINL
TWRVWBYEE K D4 3FITFEIR L2 IO iH YL
B2 ERLLUT- pH5.9 TIE Cd(I) 31 A ac#afie b LT
N5, ZLC, NaCl J#EA% 0.5 mol/L &V Na' i
FE A S TR IR A W55, A4 RRHREE LT
HEN T CA(INDS NatEDA A A 0 g
L. ISHEBRE{T-72 pHE.8 TIXZ D IZNE s AL
L CHOIAYFAMNIEAE T 20 DO Ko ITAKFRI
FLERT DN TED, £DO—FHTTY FH—ELZH

INUTZ15 3R K+1 wt% A BL 0 K+5wt% A DA,

K LRERICNESE AL L TH AV FANMIEEL TND
CA(INITEAR TEDRRE THLN, BIIIIMETHDL
DDHAVFALTVFELLE Cd() gt EER~T T4
—ERRMENT=ZLIZEVEL<D Cd(I)»T 4 —EIC
WAL, Ktswt% A TIELl Eo Cd(IiNs7 4 —&
(R AE LTS ERE CIEE PITAFAEL TODIEN D, £
LC, IBYEEAERL B0 pH THD 5.9 LhEwn
pH6.8 TIAH EBRZFT - 1= 2 L BIRHEBR DR DT 4

—BD CA(I)WAERE TG YR E A AR 7B I &<
725 THYD, N EDAF L AZENZE A LT Cd(1)
WT 2 —BICHW AT DI TR EMES I 25
NTWDZENSMD, Fig. 4 ITTRUIZARS BIE, Cd(I 23 A
FVFANAA L AZHREL L THRESND pH FEITHS
6.0 DL F T [RE RSN AIE, BICERED
WG TR LIS B ICIR T2 CA(I)DVEH]
BNT T —EBOEHBICRKEKFTHIEEZERLT
WD, [RIRFIZ, A A D Hr 72T NE SR DI
OHAVF AR Cd(I) 2% 7& 3% pH6.0 LA T 138 - I
DB YSIIZS AT, HEAKICIS LT NS AR LTl
FVFAMIEIE LT CA() A B L2287 |
TFE—BOEHEN CAI) DR HEIZE 2 D88 T
FIVNSLRDELE 2 BND, ZOXIIT, 18- JEE )
50 CAIDIRHICRITHT FH—FOEEM L, 74
—EBOEHEDHIRGT T KE NG YRS T ER D pH
ICHIRIFTHEEZDNDT0 A% BB RSB T
bD, Flo MOBBEEL L, 7TFHF—VBL{LEkDE
B A 9528, Cd(I) 728 D EA4A

—
=]

—— K (Prediction) 2 K
= fp== K+1 wi% A (Prediction) K+1 wi% A
eeodfree K+5 wi% A (Prediction) a K+5 wi% A
a NacCl 0.05 mol/L NacCl 0.5 mol/L
=
O‘D -
£
o 100 % leaching
9 40 forthe 1st leaching T
=
£
g 30
o
=
3
~ 20
=
e
=
@)
=
]
=
]
]
]
-]

1 2 3 4 5 1 2 3 4 5

Number of sequential leaching

Fig. 3. Experimental and predicted concentrations of Cd(ll)
in the leaching solutions at pH6.8 for kaolinite with
different anatase content. The predicted values were
calculated using the Cd(Il) content in kaolinite (480
mgCd/kg) and surface complexation model parameters
(Table 1).
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Fig. 4. Distribution of the Cd(ll) species before and after 1%
leaching cycle in 3 artificially-contaminated kaolinite
samples containing different amounts of anatase. The
calculation was based on the experimental conditions used
for the preparation of Cd(ll)-contaminated kaolinite
(Section 2.1), the leaching conditions (Section 2.3), and the

parameters listed in Table 1.
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Summary

The objective of this study was to evaluate the role of anatase impurities in sediments and the NaCl
concentrations in the leaching solutions during the Cd(l1) leaching from artificially contaminated sediments. It was
found that the leaching of Cd(Il) increased with increasing NaCl concentrations but this trend was less significant
for the sediments containing higher amount of anatase. Based on the modeling analyses considering surface
complexation and ion exchange reactions, the observed experimental results were explained as follows by the
difference between kaolinite and anatase in the Cd(Il) adsorption mechanisms. At pH5.9, which was the pH during
the preparation of artificially contaminated sediments, kaolinite absorbs Cd(Il) mainly via outer-sphere complex
formation and that is why the absorbed Cd(I1) was easily desorbed by the Na" containing in the leaching solutions.
On the other hand, the dominant Cd(ll) adsorption mechanism for anatase was inner-sphere complex formation
which was not hindered by the presence of NaCl. These experimental and modeling analyses results consistently
showed that the content of anatase in sediments was one of the factors controlling the leaching level of Cd(l1) from
sediments when exposed to leaching solutions with high NaCl concentration.



