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Investigation of Adsorption Mechanism of Layered Double Hydroxides
and Their Composites on Radioactive Uranium: A Review
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Abstract With the rapid development of nuclear industry, nuclear energy, as a kind of low-carbon energy, has been widely
used in the world. However, in the development and application of nuclear energy, a large amount of radionuclides, especially
the radioactive uranium, have been inevitably discharged into the environment, causing serious environmental pollution and
having great harm to human health. Layered double hydroxides (LDHs) have become the excellent adsorbents in environ-
mental pollution treatments due to easy preparation, large specific surface area, the unique nanostructure and excellent ion
exchange capacity. Hence, the preparation of layered double hydroxides and their composites for the efficient removal of
radioactive uranium is one of the hot issues in the field of environmental science, which include coprecipitation, ion ex-
change, hydrothermal method, the urea hydrolysis method, aerogel, microwave-crystallization and separate nuclea-
tion/crystallization isolation method. Besides the aforementioned methods, other reported synthesis methods of LDHs include
the secondary intercalation method (an intercalation method involving dissolution and the re-coprecipitation method), recon-
struction method based on the “memory effect”, N, protection synthesis, mechanochemical synthesis, surface synthesis, tem-
plate synthesis, and others. The modification methods of layered double hydroxides can be divided into calcination, intercala-
tion and compounding method, which significantly increase the active sites and further improve the adsorption performance
of the materials to radioactive uranium. In addition, the adsorption mechanism has been thoroughly investigated with spec-
troscopic analysis techniques such as Fourier transformed infrared spectroscopy (FT-IR), X-ray diffraction (XRD), X-ray
photoelectron spectroscopy (XPS) and Extended X-ray absorption fine structure (EXAFS). In conclusion, the review briefly
discuss the application prospects of layered double hydroxides and their composites in the treatment of water pollution, which
provide definitive reference values for the further research and practical application of environmental management in the
future.
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Figure 1 (a) The morphology of Mg-Al-LDHs; (b) schematic represen-
tation of Mg-Al-LDHs
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Figure 3 (a) Schematic illustration of the approach used for the prepa-
ration of the materials (I: formation of Ni(II)/AI(IIT)-TA/PA complex; II:
hydrothermal treatment; III: interaction with aniline) and the proposed
mechanisms of aniline onto LDH, TAL and PAL (Color code by atom:

gray carbon, red oxygen, blue nitrogen, white hydrogen. The three inter-

actions are m-7 interaction, hydrogen bond and electrostatic interaction!®");

TEM images of LDHs (b) and LDHs/GO2 (c)!*!
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Figure 4 SEM (a) and TEM (b) images of Fe;O,; TEM images of
Fe;04@LDHs (c) and Fe;04@PDA@LDHs (d); VSM profiles (e) of
Fe;04, Fe;04@LDHs and Fe;0,@PDA@LDHs; Recycle property of
Fe;0,@PDA@LDHs for U(VI) adsorption from aqueous solutions (f)1°!
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AR B RE ), X SRR (WA pH B TRRE
TP BROSEIS [R5 W B o e ol DA MR P 71) ) 5 A 1t
JAAHE. BT AR B IE K RG R R BN TR, DR A
SCAERSIR . ARERIR 32 B EHE 7347 77 Th 6 JZ AR A4 &
SR 5 U o R A 2 TR PR A LR R AT 40 BT
il

F 3B H AR AT LR NI LDHs 5 78054 70 2l
Z A GO E LI, T, A SCVEA /2R B A 46
ZLAMEIE(FTIR) X HFRATHOEHE(XRD) X HH4GH
TREIEXPS)FIY JE X SRR A 4574 1 (EXAFS)TE
By e 25 R AL 7 THD 1 LA B A

4.1 FHEBEMTHRIINPAIEFTIR)

{uE B - AR 3 21 41 % 1% (Fourier transformed infrared
spectroscopy, FTIR) W] ARHE A [R5 ik £ M RS 20 41k

Table 1 The removal of U(VI) by layered double hydroxides and their composites and interaction mechanisms

it 75 e/ mlV (g/L) pH T/K Oma/(mgeg ) 1EFAHLEE SCik
Ca-Mg-Al-LDH U(vI) 0.1 5.0 298 132.5 FMECAL, Hrp e [58]
Ca-Mg-Al-LDOs u(vI) 0.1 5.0 298 260.0 B AN SN (S [58]
Ca-Mg-Al-LDOs u(vI) 0.1 5.0 298 486.8 RAChL. i EH [58]
LDO u(vl) 0.1 5.0 298 237.6 RMECAL POE R T2 [74]
LDO/carbon dots U(vI) 0.1 5.0 298 354.2 RIMECAL PIER B 32 4 [74]
GO@LDH U(VI) 0.22 45 298 160.0 W E e A & R [16]
Ca-Al-LDH U(vI) — 4.0 298 54.8 B [52]
SiO,@LDH U(VI) 0.3 5.0 298 303.1 AL AL [21]
Ca-Al-LDH-GI U(VI) 0.1 5.0 298 266.5 AhEBC A A0 AR [68]
Ni-Al-LDH-GI U(VI) 0.1 5.0 298 142.3 P2 e o7 AN LR [68]
Ca-Al-LDH@CNTs U(VI) 0.1 6.0 298 382.8 FTAC A & R [38]
Fe;0,@PDA@LDHs U(VI) 0.15 5.0 298 344.0 AL AL [66]
CaTiOx U(VI) 0.1 5.0 293 241.7 QY= DA [51]
CaAlOx U(VI) 0.1 5.0 293 258.3 QY= DA [51]
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