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Fig.1 Schematic diagram of in-situ leaching

process flow!”
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Fig.2 Schematic diagram of pre-amidation modification of polyacrylonitrile (PAN) and blow molding process for
large-scale production of polyisobutylene dioxophosphate (PIDO) nanofibers (a)[**!, fitting curves of first-order

[22]

and second-order adsorption Kinetics models of uranium in seawater by PIDO nanofiber adsorbent (b) ,schematic

illustration of the adsorption mechanism of uranium by graphene oxide/chitosan/diaminopropionitrile/ZnO (c)*!
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Table 1 Adsorption effects of different adsorption membrane materials on uranium in seawater
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Fig. 4 SEM image of electrospun polyacrylonitrile
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membrane before amidation (a) and schematic diagram of

preparation of hydrogel membrane and uranium

adsorption mechanism (b)0%

F 31 RO 4 48 A S JE o g R R 7
Ay S A 20 1Y i 2 R S O 38 IR R TE B
B R 5] A AR, PR RW . 7EA
TR TG Z W UrAg A, w] ff 3L 50K
BHEES T 0 4 Jm - 19 s o 45 254, 181 5 () WX
FAA R i 451 48 F 7 S BB R RE S A R . A
S r B K P R ] =R A 7R R AR
FHTSZEL 190 L/ (m?® « h) A e o ok g L Bl 4R B

IR 84 Y0, WM —Fh AL (8 i 5 -PIM-1 Uk 1
ZALEAEE AR P S DL 7 d 5, 4l R 2 ]
156,63 mg/g (B 5(b) ~ (d)) , I B 5 14 W B 4
eGP g 2t EEIAH T HZ 29450,
X0 25 B e i T A TR T ) A R S g
B AL 1 A5 31 5 40 R T

25 bR W R — e B AR | B
B 338 IO P )V K B Al B R L 2 R S 5
KT ZFHRA M B . R AT O TAE
— E R T I = M 6e Bl me B ARk {8 H R
R R R A AT T 11 2 BT 6 0 A PR B AR i g
PEAS JE S5 ) JU 5 [ B T K P B B B L SR 5
& T RORE SR 3% 2E W) ) AL AE L T 00 B R
TR 5 IR R B LB SR B A 2 AR E T BB AE s
51 B8 7 o T I R 2 . R U, 2% 2 I R A
LUK IR BE v i e M L3 N R B A A
Rtk — B8 Th . BT W B A T Y B SR L O
T 7 e e Wl A B R L Sk T S B I K Bl B R 1
o 85T R B O T A AR ) 7 Ak R L
HEEE X,

ppanad. | Juiad | Jasiad | L

IESE = E W

5 SHIREUS £ B-BEER % (MPN) R B F M5
MEEHB UG () ESESFLENRE (b)Y,
HHEAREFEMERR ()M RIZEH
BIEHZR A (d)5
Fig.5 Scanning electron microscope and energy dispersive
spectrometer images of metal-phenolic network (MPN)
membrane after uranium extraction (a)[“] ,schematic

[42]

diagram of layered porous membrane (b)"**’, cross-sectional

SEM images (c¢)™*?!,and optical photos before and after

uranium extraction (d)™*
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Evolution and Challenges of Uranium Extraction Technology
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Abstract: Uranium serves as the "grain" for the nuclear industry and constitutes a strategic resource
essential for both national and energy security. Currently, the global uranium supply relies primarily on
conventional extraction technologies, such as open-pit and underground mining combined with heap
leaching, as well as in-situ leaching. These well-established technologies, characterized by high
maturity and relatively low costs, represent the primary methods for uranium extraction at present.
However, conventional uranium mining is facing mounting challenges,including the gradual depletion
of high-grade resources and increasing difficulty in developing low-grade deposits. Therefore, it has
become imperative to expand uranium extraction technologies toward unconventional resources.
Unconventional uranium resource extraction technologies aim to recover uranium from low-grade
polymetallic associated ores, seawater, and salt lake brines. Although various technical pathways are
still in the research and development stage,they have demonstrated significant potential for broadening
resource boundaries and achieving comprehensive resource utilization. This paper systematically
reviews the fundamental principles, research progress, and future development trends of uranium
extraction technologies, aiming to provide a reference for technological innovation and strategic
direction in the field of uranium extraction.

Key words: uranium; extraction technology; in-situ leaching; unconventional uranium resources;

uranium extraction from seawater; comprehensive resource utilization



