55 36 4 M T ¥ ot w5 e 4 otk Vol. 36 Suppl.
20144F 12 H Journal of Nuclear and Radiochemistry Dec. 2014

WS TAT 4 0 FLRE S5 B R R B Co( 1) R
BG4 R FE BER 5

FEV.ARE L. HEL.F BL.R AL BLAIRRS

LB R 2 B2 bE M LR R RS TR BT, Jbat 100084
2. [ 5 AR B M B IROT R P T A SR R, S IR ANDE AR 010050

FEE 0 (KO R 0 U 4 R S T R K M AR BT SR AR TAE LA CoCTD AR ER  TF5E T M MK A7 25 A FL
REEE AR T CoC T Ay W B 2 BRMERE . TR 5% 45 SR 22 W o e 45 0 B 0K T JBE Ak -k A K b 445 412 4R 7 T 25 4 T A
BEPE AR AR A A RE RIS L RLOK AR RE R4S (C—S—H T ) (B i JFUFBE /R Eb n(Ca) /n(Si) =0. 98~1. 00) ly &
A BT HA & LRI (733 m® /@) HALBR & K 0 A AL b R, TR LB R4 i R B 2% vh PR g (pH =
2~10) P B —5E (I PHES T 38 e M BB (Ca™ /H ), A FLEESS M &L #E 35~ 60 “Cxf Co (Il ) WL Bt 45 4t 5t i 7 ik
209~296 mg/g. AW B G Langmuir B50F 240 2 W B L g W B2 W B PTZE 3 b oA DR 3 3k 3007 £ L I
B OB 2T B T 38 4 (i 84 5%0) o T X 52 B A% H il KA 2 K 1 W A 3 6 25 SR 3% 0L ub b g R A
CoCIl) EBRFE KT 98. 62, I H I A Gk acd U 4 8 7 A5 20 R B . 78 24 i s 1 A% 3% 09 Kk U [ Ak A
L A FLAEE S A R R A K TR AT A R 1 R A AT S R S A 3R 1 e i R Ak TR B T AR R 43 K Té A
T S 0 [ 4k ™ 0 0 i A, B 307 ) R B AN 2 B a8 o TR U 32 A FL AR A5 R O P I K A 38 5 B 7 T
EUNI Y AN - I

KRR :CoC T s A FLREES M A} 5 B 5 288 T 58 ke

FESES: X771 XEKFRAERRD: A X EHE:0253-9950(2014)S0-0013-08

doi:10. 7538/hhx. 2014. 36. S0. 0013

Removal of Co ( [ ) and Radioactive Transition Metal Ions by Adsorption
on Fly Ash-Derived Mesoporous Calcium-Silicate Material

LEI Xue-fei', QI Guang-xia', SUN Ying-long', LI Lei', YUAN Chao',
WANG Yi" ", SUN Jun-min®

1. Department of Environmental Engineering, School of Environment, Tsinghua University, Beijing 100084, China;

2. Key Laboratory of High-alumina Coal Utilization, National Energy Administration, Hohhot 010050, China

Abstract: To meet the needs of treatment of waste water containing low-level radioactive
transition metal ions, using Co( ][ ) as a representative, the sorption ability of Co(][ ) on
calcium-silicate material, which is produced at the pre-desilication stage during the alumina

extraction from the high-alumina fly ash by pre-desilication-soda-lime sintering technique,
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was studied. The results indicate that the calcium-silicate material, with hydration calcium
silicate (C—S—H(] )) as the main mineral, is one of those mesoporous materials with high
specific surface area(733 m?/g) and developed void space structure. The material also has
good acid and alkali buffer performance (pH = 2-10) and cation exchange capacity (Ca*"/
H"). The adsorption capacity can reach 209-296 mg/g in the temperature range of 35-60 °C
for Co( Il ). The adsorption process is endothermic and consistent with Langmuir monolayer
chemical adsorption. The adsorption equilibrium can be reached quickly within 3 h. Our
results show that the main adsorption mechanism is most ion exchange(84. 5%). Moreover,
the adsorption results for nuclear power plant overhaul wastewater show that more than
98.6% of the radioactive cobalt as well as other radioactive transition metal ions are
removed. Speaking from the perspective of practical application, the mesoporous calcium-
silicate material not only has high compatibility with cement which is good to the radionu-
clide stabilization, but also can replace part of cement to achieve the reduction of the radioac-
tive solidification blocks. Because of the above mentioned environmental and economic bene-
fits, the mesoporous calcium-silicate material evidently has potential application in radioac-

tive transition nuclide removal of wastewater.
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of mesoporous calcium-silicate material

184y (Compositions)  w/% || 84> (Compositions)  w/%
CaO 42. 87 Al O 1. 89
SiO, 38. 46 LOI 15. 45
Fe, Oy 0. 46 it (SUM) 99. 23
TiO, 0. 10
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Effect of adsorbent dosage on Co( [l ) adsorption on mesoporous calcium-silicate material
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Table 2 Parameters of different kinetic adsorption models
2 1B — 5 % i A5 1B — % % i A 7Y W-M I ff A5 7 Elovich 1 fff 455 74
= (Pseudo first order (Pseudo second order (W-M adsorption (Elovich adsorption
(Parameters) . .
adsorption model) adsorption model) model) model)
r? 0. 980 0.997 0. 818 0. 945
K 0.024 0. 000 939 2.483* -
Q.(mg+g 49.79 55.55 -
a - - - 14. 36
B - - - 0.098 1

7 (Note) : 2 , 26 P AH 56 £ 5 (Linear correlation coefficient) ; K , W [ff 3 2 & % ( Adsorption rate constant) ; Q. , &£ W fff 4 ( Equilibri-
um adsorption capacity) ;a» #J 4 W i 33 % (Initial adsorption rate) ; 8,15 3% I % 75 % A1 L 64 5 19 40 (Constant related to surface cov-

erage and activation energy); * N PP HUHE K # £ (Inner diffusion rate constant)
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Table 3 Treatment results of nuclear power plant overhaul wastewater by mesoporous calcium-silicate material

a/(Bqeg 1) a/(Bqe+g 1)
B VGELN I} pOBLyS B Ak PR Ab B
(Nuclides) (Removal (Nuclides) (Removal
uclides S uclides S .
(Before (After ratio) / % (Before (After ratio) / %
treatment) treatment) treatment) treatment)
S1Cr 21.00 0. 27 98.71 M Fe 2.10 0.03 98. 57
> Mn 4. 39 0. 06 98. 63 9 Nb 22.00 0.11 99. 50
% Co 49. 00 0. 66 98. 65 B Zr 14. 00 0.07 99. 50
50 Co 3. 80 0. 04 98. 95 Bt (SUM) 116. 29 1. 24 98.93
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