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Abstract: How to deal with radioactive uranium contamination in the water environment from nuclear power and
mining processes is an urgent problem to be solved. Adsorption materials have become a major way to treat uranium-
containing wastewater because of their large specific surface area,low cost, simple preparation and high adsorption
capacity. This paper firstly compares the advantages and disadvantages of existing methods and different adsorption
materials for the treatment of uranium-containing wastewater;secondly, the theoretical basis of adsorption materials
such as adsorption phenomena and adsorption mechanisms are described; then the current research status of new
adsorption materials such as new magnetic nano-, kaiamine oxime, polymer fibers, new metal-organic skeletal

materials, biochar, microorganisms, etc. is analyzed, and the adsorption properties of these materials are summarized
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in terms of material characteristics, adsorption performance and application potential; finally, the adsorption

properties of these materials are summarized in terms of their specificity, adsorption performance and application

potential. Finally, the research directions for the treatment of uranium-depleted wastewater are presented from the

perspectives of application, avoiding secondary pollution, and focusing on decontamination performance. The new

adsorbent materials for the removal of uranium-containing wastewater are briefly described,and the future directions

of adsorbent materials are prospected.

Key words:new adsorbent materials; uranium-containing wastewater;environment

R E R Yy e R 2 LR act R T
B TZAFTE TG Y o XY M T L 3t ROk 5 MR K
Rt YR T B R KR 3R T RO R
e v O AE {68 1 25 HG R R RE ™ A A9 S IR K AL
5 G K s Al L I SR S AR R K R o e [R] RE HE
O B 7K Al v e T A 98 U 2 A 22 1
T5 9, DL b i DR S50 AR 25 30 8 52 3 il K
5 T o ARl R K R A T P L 5 T [ b
YERLE il 2K rb il (9 fe R HETCH E 9 30 g/ Ls ik
G DA U R K Bl Yk B B T 2 pg/ L R
[l PR HE A 50 g/ L Sy i 5 T A= 4 9 o 1Y
25 A5 Il A HE bR o Iz 5 T 9% [ A gk B T A 1 41
bR, 2B b B B 5T R K gl kR 2 0
5 mg/ L. B HIE A B R e )™ A 4 A S e el o 3 T
5 2~200 mg/keg" ', H 5 I K bR . FREE AR
AT O LE SR KA R AR AR S DU O e
RELEYHEEERNMESREN L2 X ARKSE
SR A= i AT R . Bl R K AR By B A U
PEARFAE o £ — 5 I 8] 3 F P AT RO 28 it e R 36 B
LRGSR R0 Oy Tk AL FE S

PRk BAF I B

FUAT - 3 5l B K B9 32 240 315 1 0 4% Ak~ DT TE
N O N B 5 dE R RN (.
AN K7/ 3R SN YRR N N 3]
PEUE P A AR TG R 3 SRR B 0TS Bt s AR UK AL B
PR S A - HLAs RAEA HLIAH A 5 S 8RS
Qb 5 B 1 SRR B AR 5 JIR Ak B X R A 2R T
K0 s HLAE S 0E 5 5 3 B AN A U T4 s e Mk R
TR 5 1 L a5 B oy e R R 5 L AL B
JEASAR B S5 AR ey 25 0 A, SR T A 58 B A 590 A7 A —
YT Gt W BT A AR 0 49 P 2 2 e L & TR B A R
RS2 bR A b BOME I« ) 249 i 5 o P i 5 45
AR TR B E R 1 R .

Al IR K AL B 7 R R AT AR AR g FR
KSR IR SF SR A . RN B T R B R R
A AR IR A G TR s G Al 2 CE 2R HT
Qb PSR e R T g A A A R Ak B ik A AT R
TR 5 Ao AR Y B A A K W B R R A G 1 P b
SCHR A B 25 AL 35 R IR AN 2 Bz - A 5E ik
BiE A4 B IS 25 i Hs

x1 DNALEBEEWMERKRAZEZNAESLE

Table 1

Advantages and disadvantages of existing methods for treating uranium-containing wastewater

Removal method Advantage

Disadvantage

Chemical precipitation

Extraction method Low energy consumption

Ton exchange method Good removal effect
Membrane treatment
Phytoremediation Less secondary pollution

Adsorption method

Simple,low cost,faster processing speed

High separation selectivity

Simple operation and low cost

The settled sludge is easy to cause secondary
pollution of the environment
Prone to secondary pollution
Higher price
High cost and complicated operation
Susceptible to external influences

Adsorption material selectivity needs to be improved
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Table 2 Types and advantages and disadvantages of adsorbent materials

Adsorbent type Features Defect Ref.

Microbial adsorption material Low cost and environmentally {riendly Easy to be disturbed by the surrounding environment [20]
. . Sufficient adsorption sites and L .

Nano adsorption material Currently limited to laboratories [21]

larger comparative area

. . Simple preparation,low cost,
Inorganic absorbent material . -
high specific surface area

. Good stability,easy production,
Polymer absorbent material .
manual design

Solid-liquid separation is difficult, [22]

and it is not easy to recycle and reuse

Expensive, expensive manpower

[23]

and material resources
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Fig. 1 The way of force on the surface and internal

atoms of the adsorbent [**]
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Table 3 Compares of the advantages and disadvantages of several high-scoring fibers

Polymer fiber substrate Advantage

Disadvantage

Polyolefin fiber
Polyacrylonitrile fiber
Polyolefin fiber
Polyvinyl Alcohol Fiber

Other new fibers Has a special function

Good mechanical properties,acid and alkali resistance
Good adaptation to climate
Good chemical stability andstrength

Good mechanical properties,acid and alkali resistance

Poor water solubility
Higher requirements for pH
Poor temperatureadaptation, poor thermal conductivity
Smaller requirements for temperature

Complex synthesis and expensive
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Table 4 Biochar's adsorption mechanism for heavy metals

Adsorption mechanism

Mechanism explanation Ref.

Cation-nt
Coordination
Ton exchange

Electrostatic adsorption

Conjugated aromatics on the surface of biochar. The more structure,the stronger its effect [71]
Biochar contains functional groups such as uranium -OH and —COOH, which can coordinate with metals [72]
There are certain ions in the synthesis of biochar, which can exchange with heavy metal ions [73]

Since biochar itself has a negative charge,it is easy to adsorb positively charged metal ions [74]
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Table 5 Adsorption performance of different adsorbent materials for uranium

Adsorption

. Adsorbent Test conditions Adsorption capacity Ref
material
EPPTMS-MN H=6.T=30C.r=1h Adsorption efficiency:low concentration [35]
New type b P ! ’ 98 % , concentration 20 mg/L is 97. 6% °
of magnetic ~
hano Fe; O, @TNS pH=5.0 82. 85 mg/g [37]
Combination of CFA and Fe; O, pH=6.0—10.0 328 mg/g [38]
PIDO-NFs In the sea 951 mg/g [43]
PAO hydrogel In the sea 1279+14.5 mg/g [44]
Amidoxime SMON-PAO In the sea 1 089. 36+64. 31 mg/g [45]
PAN In the sea 32.28 mg/g [46]
Fe; O, /P(GMA-AA-MMA) pH=4.5 200.5 mg/g [47]
CuCll):323 /g, Cd(CI):278 /g,
VT _ u il mg/g il S mg/g [53]
NiC [[):200 mg/g,ZnC1l):175 mg/g
High
: ZnO/PANF T=298.15 K.pH=6 248. 14 mg/g [54]
score fiber
PVA pH=4.5,Room temperature 32.1 mg/g [55]
PP-g-AA/PP-g-AA-DETA — 12.2 mg/g/25.7 mg/g [80]
Hydroxymethylcoumarin and
H=4 r/ 2
Zn-MOF-74 b 360 me/e L62]
MOFs MOF-5 pH=5 237 mg/g [63]
MOF-76 pH=3 314.5 mg/g [64]
MOF2/MOF3 pH=2.5 217.4mg/g/208.9 mg/g [65]
Modified licorice residue biochar pH=2—6 Removal rate;98. 2% ,340 mg/g [69]
Pine waste mixed with
. e waste r?llxc W — Removal rate:90. 13% [70]
Bio-charcoal metallurgical slag
DTPA-MCS T=298 K,pH=5 178. 20 mg/g [71]
IMCR pH=5,T=298 K,1=3 h 187. 26 mg/g [72]
. pH=5,concentration 1 —127 mg/L,
PVA-SA-GO Yeast gel beads 30. 62 /1 77
AT BEDEAE T Solid-liquid ratio 4. 60 g/L.=120 h e/ L77]
Microbe /
CP/CTS T=313 K.t=7 h 571 mg/g [78]
Yeast/Bacillus subtilis — 341.20 mg/g/512.50 mg/g [79]
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