M3 E B 2024F $£69% %16 #2221 ~ 2232 4 CPIEFE ) 2ok At
DEESHNERARLEER SCIENCE CHINA PRESS
CrossMark

& click for updates

WA TR P K AR B SO v H

AR IR, A

1. FHMR AT, TTHLE S Hl &b E R E A R =, KB 130012;
2. HSMI RSB 2E 5 TR, FRM 450001

* PR A, E-mail: yanw@jlu.edu.cn

2023-08-04 Wik, 2023-10-31 &[0, 2023-11-03 4352, 2023-11-06 FIZERE K 3%
% B AR R4:(22288101, U1967215, 21835002)Fis S54RI S |8 11K (B17020) %% B

HE BIVEERZANEEEL, GATERNEE LN, RAE TSRS L0, BT k27 £ A
BAK, T 2SR M PR A R T A B O A T A AR RN TR B AL B B AR, AT LI R AR, R K
REMFAKE T RZ—. A — R TR, #8620 T 9 EHE B &0 E R AR, A MR AL 2
PRIAMBEHNAM R, REARKER WAL RE, AXERTEASMARAEE . &RFBEMEERE
KWREARFE. B . the . B YTPESHENTRAR, FERNREBEEE KL EEA N L RRE G

BEAMSE, RERET RRWBTIT W, DB A AR T2 SR G089 A

KW T, B, BT R BEK

Wt Re R O, BUE 2 P & B RE, &
HESEREUR A . PRBRREIR L 4. P i B RE A4
RIEE RS, MEEREARZ TR A& R, N n] bk 6o =
AT R BT R K. O R K A 2 R
Bz, AE2A = C0Sr, PTesE). g AL
(“Co, CzZnZE)FMEHIZZ (P Pu, * Np%E). W
JRARKAGA B EHHE AR EE, W™ E e A AT
$78 7| la oo r

WME TR, EBR K S R K
FARZE R AR . W B TR L ke A
W ™ b sy B0 ek, X
B ERAE [ RO S, AR BUL T B A A
WLAEGR);  UOvE kAT FH R P 2 vk BEAR AR ) %
K, I EFFEGI AT UTTER, 2 R i [
JEARER,  ANFEA O R AL B ) & e /N T )5
MR I EEE S 255 . KA VLEIRR Y& K. 6

FER S AW vh A i A Wl I K FpHL TR
JE SRR, X B SR U A SRR AR, T Wk
S BRI iR A L, BT A B M A
A R LA e B 5 4 B T DR R P R MR B
WAEE T, BAREARAC. RVEMME. S, ik
B A B R B B TS e
RRFFRIAT LR AZ 27K B A% 22 SR B AR B SR b, B
S B AR I e ALk /A v e /K R T k3 3 Ak Ak
PR E Ry s gt

BT AN T AR S A BE R . RIM IR
TR R 12 RE, BT B TR K b R 45
. SR B B AR, AR B SR (R B
FZHMIR) IR R 2 (S R R AR, il
WY A2 4y [ A R TR B I AR R W i B
VM-S BB AR DIR S, HRE X SE B, T & 5 A e
W B AL RLE R LS. HAY, AFIEEE AW R AR

TB-2023-0799

51k RS, SREER, BISCRT. A 2 FTE RO PR K A BRSSO, B8 4R, 2024, 69: 2221-2232
Hao W F, Zhang J N, Yan W F. Application of zeolite in the radioactive wastewater treatment (in Chinese). Chin Sci Bull, 2024, 69: 2221-2232, doi: 10.1360/

© 2023 (PIEREE) btk

www.scichina.com


https://doi.org/[object XPathResult]
https://doi.org/10.1360/TB-2023-0799
www.scichina.com

A% b & 2024468 H69% £16H

B 1 (LSRR () RO R K A F AT
Figure 1 (Color online) Treatment technologies of radioactive waste-
water
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Table 1 Common sources and half-lives of radionuclides
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Figure 2 (Color online) lon exchange diagram of zeolites”™”
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BFE] . pH I EE . W B0 AN 4 PH S 7 (Na '
K" Mg> fiCa" xS By 52, 25 514, W) iipH
TG T S 16 P Rl g K 52 A B0t e B 244 3
SR, SR R B 9 K S A R A S i T
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Application of zeolite in the radioactive wastewater treatment
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The nuclear industry is an important cornerstone of national security, reflects the comprehensive strength of a country, and
is a strategic field for great powers to compete. However, a large amount of radioactive wastewater will be produced in the
process of using nuclear energy, and radioactive ions such as 60C02+, 137Cs+, 90Sr2+, and 99TCO4_ are the main sources of
wastewater radioactivity. Radioactive ions are highly toxic and easy to migrate in water. Once they enter the ecosystem,
they will have a significant impact on the environment. If they enter the human body, they will damage organs and tissues
and even cause cancer. Therefore, it is of great significance to develop efficient, rapid, and economical radio-active
wastewater treatment methods. There are many methods to treat radioactive wastewater, including extraction, chemical
precipitation, membrane filtration, biological treatment, and adsorption. The use of solid adsorbents to transfer
radionuclides from liquid phase to solid phase through adsorption/ion exchange, so as to realize the reduction of nuclear
wastewater, is one of the effective ways to treat nuclear wastewater. Zeolite is a microporous crystal composed of a
negatively charged aluminosilicate framework and free counter-cations in the pores. The cations in the pores can exchange
ions with radionuclides from solution to achieve the adsorption of radionuclides. Because of its high ion exchange capacity,
excellent hydrothermal, mechanical, and radiation stability, and low price, zeolite is an ideal material for treating nuclear
wastewater. The research progress of natural zeolite, synthetic zeolite, and modified zeolite in the removal of cesium,
strontium, cobalt, uranium, plutonium, americium, samarium, and europium from wastewater is reviewed. This review
mainly expounds the difference of adsorption performance to nuclide of natural zeolite with different origin and different
composition, and summarizes the application of natural zeolite in large-scale treatment of radioactive wastewater. The
adsorption performance and mechanism of various synthetic zeolites, such as LTA, CHA, MOR, and HEU, on nuclides,
especially on the adsorption performance of very low concentration radioisotopes, and the radiation resistance of zeolites
were evaluated. In order to solve the problems of small particle size, difficult separation and poor stability of zeolite, new
composite zeolite materials have attracted more and more attention. By combining zeolite with alginate, polyacrylonitrile,
and magnetic metal, not only the absorption energy of zeolite is improved, but also the practicality of it is strengthened. The
summary of the previous research results can provide reference for the development of radioactive wastewater treatment
technology in China. At the same time, it also summarizes the problems existing in the previous research, such as the large
difference between the composition of the experimental object and the real wastewater, the small number of total categories
of the nuclides studied, the negative optimization of the adsorption performance of some composite materials, and the small
number of simulation calculation studies. These problems need further in-depth study. Finally, the future research direction
is discussed in order to promote future applications of zeolite materials in engineering technology.

zeolite, radionuclide, ion exchange, nuclear waste water
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