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Behavior and Mechanism of Uranium Adsorption on Soil Medium

Nearby Radioactive Waste Disposal Sites
HUANG Junyi', YI Shuping', SHANG Jianying®, ZHENG Chunmiao'
(1. School of Environment Science and Engineering, Southern University of Science and Technology, Shenzhen 518055, China;

2. College of Resources and Environmental Science, China Agricultural University, Beijing 100085, China)

Abstract: The adsorption of radionuclides in soil media has become one of the key considerations in both site selection and safety e-
valuation of geological repository. In order to understand the adsorption behavior and mechanism of uranium on soil media from pre-
selected sites of radioactive waste disposal sites, batch adsorption experiments were adopted to study the adsorption of U( VI) on min-
eralogical components in Shenzhen ( SSD) soil and Yangjiang ( YJ) soil. The effects of initial concentration of U( VI) and ionic
strength were studied in detail and the adsorption mechanisms were discussed by kinetic model and isothermal adsorption model. The
results show that the equilibrium absorption capacity of U( VI) on both SSD soil and YJ soil increase when the initial concentration of
U(VI) increase, while the removal rates of U(VI) on SSD soil and YJ soil decrease from 97.07% and 91.56% to 88.55% and
87.93% , respectively. The adsorption of uranium is not sensitive to ionic strength, which indicates the major species form on SSD
soil might be inner-sphere surface complexes. The pseudo-second-order kinetic model and Langmuir isothermal adsorption equation
can be used to describe the adsorption of U( VI) on both SSD and YJ soil media, and all the relation coefficients are higher than
0.99. This work provides some guidance for further study of actinides adsorption model on the soil medium, and offers the basis to
speculate the transport behavior of uranium in the environment.
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Tab. 1 Physicochemical characteristics of the soils %

T OM ALO; SiO, Fe,0; & Mkl HKFE
YJ 2.50 22.22 60.86 1.84 1.31 8.97 26.24

SSD 4.26  20.79 55.45 9.73 1.33 5.86 26.17
VE: YIIREIAI M, SSD 4RvEHIHHE, OM R AHLIE, fk
ERTHAKE,

1.2.2 fiFR Al ey v i i
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W o o 0 S I PR b A v A RO B 2 I T U
FE, A NaNO, ¥, ¥ IR 2 5250 BT il i 25
TR,
1.3 BRI ELIE
13,1 B2 B S g

AR AFREC 1,00 g SSD K YT A HERE S A 50
mL B0, HEW 50 g/L, BUED 64 A0 mE R
TS T S AN 1Y) SR L SR IR G ), BT
JEdR % b, FFRIEAT IR SR, wEm Wk U
(V1) B UR 3 R 5. 00 mg/L A1 10. 00 mg/L,
B FR A 50 mmol/L, ¥EFH SSD - 3EFN YI £
VERW BN A BT, RS ) s IO 2 v B A ] 52 i Wi
Pt R, SCde ik B AR 4h BT e vk B2 R 5. 00 mg/
L, &3R50 1. 00 mmol/L ., 50. 00 mmol/L
1.00 mol/L, %] SSD +3EVE N T, BT
VRS 5 P8 X R B A AR P RS, R TR 11 SRR B
(B AR B, B O R, B0, BCEEIE W,
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TE W BTk B . UV 7 3 Fry e A o
it Ah .
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Fig. 1 Adsorption of U(VI) on SSD soil under the influence

of varied initial concentrations
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h F1 96 h 345, 4 %N 0.098 mg/g. 97.76% 0
0.181 mg/g. 90.73% ., E#] U i & W &/ 5. 00
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Fig. 2 Adsorption of U(VI) on YJ soil under the influence

of varied initial concentrations
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Fig. 3 Adsorption of U(VI) on SSD soil under the influence

of varied ionic strengths
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B I 5 W B 55 22 [RDTE AN 2 TS 5 ) 77 AR 3 5
Me, AELXF N 2R 4G RO (N R B G 8 TS e AR
AN BARTTE, K4 SEER SR WoR T B X
SSD -3z f U( VD) A —&E i, il U(VI)7E
SSD + 3 b (W i ik FE Rl if & 2k T N RS A
HNZEKE RS T R N, AH AN 2 S A OB R
F, HNZBE AWML R E2 @S it 5+
SN B G sk B s R A R B R 45
XAR AT E S KR BT U(VI) AREF L SSD 3% 47 i
e R A
2.2 FERBEIE

TEVWE pH =4. 77 I, AN [F] 8l 46 o & ik 5 %)
U(VI) 7E SSD H1 YJ 458 | 1)~ 77 Wz B S 46 45 2R 4n
K4 F1 2 s, MIEL 4 FIk 2 ATRLE L, AN [FEP)
GRS, SSD FI YT R A A 49 X5 4l i) WA o
HARFEIT . BEAE WD U (VD) ) 4R 7 8 ik 3 10 3
PN ¢ AT St e iy N R R W A
Wt UCVD) W) ka ik i 1. 00 mg/L 1R &
10. 00 mg/L [}, SSD F1 YT 33 X6 4t (1) W2 B2 4 331
H 0.020 0 mg/g. 0.020 0 mg/g ¥ hn % 0.199 2
mg/g 1 0.199 5 mg/g, W M & 5 8o ) H
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Fig. 4 U(VI) adsorption on SSD and YJ soils under the
influence of varied initial U( VI) concentrations
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Tab. 2 The adsorption capacity of U( VI) on soils at equilibrium

time in different initial concentrations

Soil SSD YJ
u(VvI)/ q./ n/ 9./ n/
(mg-L") (mg-g™") % (mg-g™) %
1 0.020 0 99.916 0.020 0 99. 946
3 0.060 0 99. 924 0.060 0 99. 952
5 0.099 8 99. 844 0.099 9 99. 900
8 0.159 6 99. 730 0.159 6 99. 772
10 0.199 2 99. 615 0.199 5 99.735
3 WRPHHLIE

3.1 WRMfEh NFR B ST

TEAT AR BF I R I, R B o 32 T B
— o B E AR R T R B SO B0 g B F O
AU W R o R ) 4 A R S T R R
N T WE5E SSD AN YT SR HE U (VL) /893 )4 F¢
fik, S AR s W BRI, RS [R) SR AR (il
Tohn BB, BT ) ARHAY A R U

(VI) 880 72504 8 1 fE — 8 Iy 2= B k17 4
B0 WETBY RN By A T T N s (3)
FR

t 1 t

q. - kzqi ¥ q. (3)
Kb r FINVETE], hy g, REEE Y E, mg -
gty g Rt ZIER ERHHE, mg - g kA
WE B sh J12- MR, ¢ - mg ' - h '

T 2 Bl 727 T 325 FH T 3 W o 550 g A7

SR BRI 7 A R R IO I o i 1% R A
BRI Z B He e R At /g, Wt
YEEL, ARG T A A ARER FNEEE BD AT SR A 2 S0 56 45 1k
TR F A k, (g - mg ™" - b)) RIST- i 0 B
g.(mg - g ') o RREIZMT RIS RS 5 5,
K6, 33 HE4 iR,

6 000

-} SSD, 5 000 pph, R?=0.9999
5000 L-O- SSD. 10 000 pph, R*=0.9997
H-A YJ, 5 000 pph, R?=0.9999
4000 -7 YJ, 10 000 ppb, R?=1.0000
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Fig. 5 Pseudo-second-order kinetics curves of U(VI) under
different initial uranium concentrations
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Tab. 3 Kinetic parameters for uranium adsorption on soils in
different uranium concentrations

Soil U(vI) / K/(g- Ge(can” Ge(exp) /
(mg-L™") mg'+h)(mg-g™') (mg-g")

5. 00 0.999 9 96. 305 0.097 0 0.097 8

55 10. 00 0.999 7 24. 045 0.177 6 0.179 6

5. 00 0.999 9 19.212 0.093 0 0.092 9

Yi 10. 00 1.000 0 27.949 0.175 1 0.176 5

LV]_:‘: Ge(cal) yﬂﬁ]j]%}f*% H‘ﬁﬁ; qe(exp) ﬂ‘j";@?ﬁ{ﬁo

*4 AEABFEEMNEZRIHNFEBNESHR
Tab. 4 Kinetic parameters for uranium adsorption on soils under
different ionic strengths

sl | 187 ) R2 K/( g Ge(cary” e(exp) /
(mg-L7") mg ' -h ' )(mg-g!) (mg-gh)

1 1.000 0 33.960 0.099 1 0.098 1

SSD 50 0.9999  96.305  0.0970  0.097 1

1000 1.000 0 162. 999 0.095 2 0.095 1
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S5 A T8 W B IR g (ARSI, VR
T SRR AT AR I S AN R 44 UV
1€ SSD M1 YJ +3E4 it L W B sh Jy2fad #, 1 3
XF U (V) 5y B 7 A Al 2 e i

Azizian 257NNy, AL TR — 2080 )12 07 1R,
R 12 RERE T A A 24 v Hh W B
TR BERAIRET AW B 78, TR —Zsh i s
DRI 5 FH A 2 i T 5 1% g o o e 2 vy s
MR . R sl 2 Ee T e e AR
W2 S J5 55 WA 551 2z ) e L, 5 e B 1) £ 2 W o
HPEALER, AL T AN L, R R R
PR AR, R BENS LR A ) HbH A Bl 7 SSD
YT 3340 b e LA
3.2 WRMZEREEREE ST

Wz o6 3510 0T 4 i 25— 1 O o AL T £ By g B <5 3R
PERIFEIR o IZAA AR — W AT, IR B 7
ol 4 i 5 1) R R 2 -5 BRI T A P A R P
TP 78 A L 22 ) o A 2535 46 . Freundlich il
Langmuir J2& P #0050 i 25 iR A A, Horf Freun-
dlich 28Rk T R4 TR, W H TR TCHL

AU A PIAEVE 22 WA B RS o0, o R
R B — B S Rt i EL iR REAUL A R B A AL
W B R % . Freundlich Mg B 45 1 0y 722 2 A
X (4) P :

Ing, = Ink, +%lnCc (4)

K g, SR BT 2] e 1R T R R £ 3 5k A e
B, mg - g s C, AV 3 i 7 TR P vk
B, mg L' ke BREE, SWHHERAX; nh
ZI R, SWEREEA DG, AT LATE s W A IR 2
MAELPERR B

Langmuir #5575 2 5 F 0438 55 4 I 5 W R 19
BRIz —, WYL R A BREE . IR A
] R RIS A R o ) AR 2 T ) 7 i 3
REMRE, ZEEIFEEELT = NREK
PR (1) SRR T AE W B R 2 T A BT 2
BFs (2) W R W B 700 2 1o %) S A4 o0 7 22 (B JEAH L
YERI 5 (3) W00 & 1 ) W B R o A 3950,
G G — AW 5. X (5) 24 Lang-
muir 7 2R IA

PR TR ®

e g, A 2R BRSPS ST R 8 ) 5
WeBE, mg - g C, P M A I LR VRO RO TR
B, mg - L' B RWEKPEAER, L mg s g,
R R KR B 75 f, mg - g

V- iy W B S 55 04K 43 591 ¢ BEC Freundlich F1
Langmuir W B 25 18 5 F2 #E 47 1A AR BE, #7 SSD
YT 485 UV Z a4 BAE AT B L,
WA LER RSBy e 7, K8 filge s iR, M
&5 PIFRAS [ U B ARY e A5 2 A 3 S 80T LLR
W, FEMIEZMER, XFF SSD Al YT Wifht- 3,
FH Langmuir W ff 45 RAR AL 4575 29 SSD F1 YT +
W B 00 2R PE A 3 R R (Rigep) =0.987 2,
Riy;, =0.985 7) % T i Freundlich W B %5 i 45
IR A58 8 R* (Rigp) =0.950 7, Riy;, =0.942
A)VME, F P A ST A W B ) B B A A ) Lang-
muir I JFF2E R AR R AR, BRI 3 ot U (VD) 1)
B R 3550 1) B 53 2 W B Langmuir 2 B 45 i
FERIAS R SSD 1 YT 19 q,... 5758 0.270 4 mg/g
0.2959 mg/g, X5LEFTIMEHE . ssp) =0. 199
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Fig. 7 Adsorption isotherms of U(VI) on SSD and YJ soils
fitted by Langmuir model
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Fig. 8 Adsorption isotherms of U(VI) on SSD and YJ

soils fitted by Freundlich model

£5 AELTHEWMshAEY Langmuir #1 Freundlich B i
ERAESH
Tab. 5 Langmuir and Freundlich isotherm parameters of
uranium adsorption on soils

. , On/ B/
Model Soil R~ 4 4
(mg-g™') (L-mg )
Langmuir SSD 0.987 2 0.270 4 7.096 2
Model YJ 0.985 7 0.259 5 10.722 2
. 5 kF/ n /
Model Soil R- i .
(mg-g™) (L-mg™)
Freundlich SSD 0.950 7 1.433 6 1.759 3
Model YJ 0.942 4 1.514 7 1.855 6
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