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Adsorption of Radionuclides on Oxides, Phosphates and Clay
Minerals: Studying on Thermodynamic and Micro-Speciation
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Abstract: In this paper, the sorption of radionuclides on oxides, phosphates and clay
minerals has been reviewed to clarify the different steps necessary to obtain reliable sorption
data and tried to describe the usefulness of structural investigation at molecular level. The
presentation mainly includes the following sections: (1) physicochemical characterization of
sorbent’s structure and morphology; (2) the surface charge density of sorbent in aqueous
solution; (3) the equilibrium constants of protonation and deprotonation on the sorbent’s
surface; (4) the influences of pH, ionic strength and organic matters on the sorption
behaviors of radionuclides; (5) the speciation and structure of radionuclides at solid-water
interface; (6) surface complexation model and its application in evaluating the sorption

mechanism of radionuclides; (7) the proofs from advanced spectroscopy technologies in
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this field.
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Fig. 9 U(V]) sorption on SiO, as a function of pH(a)™" and Th(IV) sorption on attapulgite as a function of pH(b)™

(a)
(b)

c(UCV[))=1.71X10"* mol/L,m/V=10 g/L;I,mol/L.>—0.5,@—0.1,O——0.05;
¢(Th(IV))=4.3X10"° mol/L,m/V=0.6 g/L;c(NaNO3) ,mol/L;: A——0. 001, A—0.01,@—0. 1
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Fig. 10

Corresponding fourier transforms(a) and £*-weighted EXAFS(b)

of the different addition sequences of ternary Eu/HA/attapulgite systems''>]

(a)

Eu Ly -3 4% 1) 45 14 73 A bR, e eh S22 5 A 45 40 70 A

HE 2% h BE 3 (Eu Ly -edge EXAFS spectra of FTs magnitudes and imaginary parts) ;
(b) — % — 5% J2 S [ J 728 3 K 3004 446 51, L vb 5 JB) Oy S92 56 {1, 52 2k R 45 (B ( Experimental (open circles) and

model (solid line) Fourier-filtered %%y (k) contribution for the next-nearest backscattering shells)

2 AR HA BINKF ) EXAFS #1445 %
Table 2 Mean Eu-O bond distance in aqueous solution of Eu(]ll ) and HA at different conditions

#£ i (Samples) d(Eu-0)/nm N o’ R; AE,
batch 1 0.241 127 11.91(89) 0.016 3(1) 0. 045 2.4(1.3)
batch 2 0.2399(32) 11.66(1.2) 0.016 3(1) 0. 066 1.4(1.51)
batch 3 0.2321(9 8.86(62) 0. 005 3(32) 0.062 0.4(6)

T JGIK & (Binary system) 0.2314042) 8. 24(54) 0.001 6(4) 0.043 —3.5(5)

¥ (Notes) ;1= (20+1) ‘C,c¢(NaClO;) = 0. 01 mol/L;d, it F 8] #F & (Interatomic distance) ; N, fit i % ( Number of neighbor oxygen
atoms) ;6% » Debye-Waller [K| 1~ (Factor) ; AE, , fEfE i # (Energy shift) ; Ry, 5% 8 [H T (Residual factor) , Ry = >0 (B Zexp — B Teale) / 20 (B Zexp)

FhPIRIIE 1 24 pH=6. 0 i}, 7 UV)-ATP /IOM
A MORHA & A7 7E WG B ) F (378, 35 eV I
382.05 eV Ab) . X —Z5 RN 5 S BRI 5 B
T
3.3 HMxERARKA

BT bk XAFS I XPS 45 561 5 AR A LA
A S P A 2R A [ Y T T P U 5 A R R B AL FER
AT R85 F K B o B Ak . X BT R g
% (EDS) | B[] 43 B 80O 29 606 1% (TRLFS) |

BOECHE S 96 (LIF) (44 (FTIR) \ T-FTIR &
$ .18 & & (DR-FTIR) il % J# < 4 (ATR-
FTIR) 55 5135 75 [51V S 1a7 - W By s 08 AT 280 A 245
FRIE5E 7 W R AE A %5 N A . SEM-EDS T
43 A 2 — Tl 3 1T 2 BRI B B 4 BT O kL B S .
A% 5 H bR o0 R AL R L0 /0 A0 1 SL A AE R T
oSG R . B 12 TR SRR SRR
W BEAE ot Cs (D W B IS 9 EDS J3 8. &1 12
AR Cs 22 ¥y 5] o A AE + 58 UKL /Y % T
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Fig. 11 U4f XPS spectra of U(V]) adsorbed onto
ATP and ATP/IOM compositest
(a) ATP, pH=4.5+0.05;(b)—ATP/IOM.
pH=1.540.05; (¢)— ATP/IOM, pH=6.040. 1
@ — SLE KIS (Experimental data) ,
— — AL (Fit line)

(basal plane) f1il1 i & (frayed edge site, FES),
LA Cs 78 1 58 3 1 A7 45 7 W R DX s, i b B
RE] CsCL)TEA KA 438 | A% 0 B 32 2K EE
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S e s 1] L B Ea D 59 SR TE i T — Rk
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EuClD WA W A~ AN [8] 1 5 sl B 1], 3% B 0k B
EuCIDJE K T BRI A [ S B A 9. EuC D
B —MAL5E )RS 5 A KT UL EuCIlD W B 7E
SEALER IR AESL I A Cn pH (B, B TR
S5 B B A T BE A SRk R 2 2 AR R Ok s T
EuCllD) % — B A7 2 H 2 K. 3]
EuCI) W% B 6 4010 58 1 9 )2 BRI 52 36 2% 1 ok
5 AR AE DA AL 48 B Bl AR R R kL Uk R B T
AN 38 %

Bl 12 AFEZZEMHT Cs 720 Kk T 3K 1w o A

Fig. 12 EDS mapping images showing the distribution of element Cs on soil surface

(a)

(o)

TG 7Y 5% LR J5 7 W (No background electrolyte) , (b)
c(Ca(ClO4)2)=0. 1 mol/L,(d)

¢(NaClOy)=0. 1 mol/L,
¢(Mg(ClO4)2)=0. 1 mol/L
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Fig. 13 Fluorescence attenuation of Eu([[]) in
[26]

B TR R N (C> X, Eu®) FAT AR B fF A7 A5 1
= (S I NG = R VAR | NI =S (T2 /)
>S"OHEuW"" ) i& A 76 & pH A5 [ £ S 1EH
et . — (3R P 2 A4 >S OEu(OHDY , SEs 45 R 3%
¢ HAEEREERRENRMLE HH L 5 B X B CIID 7 1™ s oy 38 T 174 9 A

R A1 VR O 500 [ 4 A4 R R 25 0 TR SR RN R TR WL R T W R AR 0 o A B A R . FE IR
PR BT 45 4 G ORI B R TE R A RE R T B A SRR AR R B EudID 7EEH R )
T WO 25 WO O 540 R OO % 2 19 R AE T DA 2% W B Ah 2 £ 22 >S"OHEW' " fil >S OEu(OH), ;

three different solutions

| ] Al Os; ,@—HA ,A—HA-ALO;

10.0 1 (2) 12.0r1 (b)
8.0F 10.0 f
o T 80F
760t =
S S 6.0Ff
E ol E
o S 40F
= 20t o
2.0
0.0 0.0F
0 2 4 6 8 10 12 0 2 4 6 8 10 12
pH pH

B 14 EuCHD 7E MM 0 A 278 E 0 W% B A2 Bl pH 19 224k
Fig. 14  Sorption species of Eu(lll ) on attapulgite as a function of pH
m/V=0.1g/L,t=(20+1) C.c(Eu(][))=1.0X10" % mol/L
(a) ¢(NaClOy) =0. 01 mol/L, (b) ¢(NaClO)=0. 1 mol/L
o— LIS M (Experimental data) . 1— 45 £k (Fit line) ,2—— >S*OHEW" .3— >X,Eu’ ,4— >S OEu(OH)}

3 EuCllD7E M 46 Ay 2218 1 A 0 B A5 70
Table 3 Sorption model of Eu([ll) to attapulgite by using FITEQL 3. 2 code

7558 J¥ (Tonic strength) 2 i 2 (Formation) lg K
0.1 mol/L NaClO, 3>XNa+Eu'"==>X;Eut3Na" 8.13
>S OH+Eu® +2H,0——>>S$ OEu(OH)} +3H" —18.3
>SYOH+Eu’f —==>SYOHEuW* " —2.11
0. 01 mol/L NaClO, 3>XNa+Eu " ==>X;Eu+3Na" 8. 46

>SYOH+Euw’ ™ >SYOHEuW " —1.95
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