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Abstract: Photocatalytic assisted uranium extraction technology is a rapidly developed technology for
uranium extraction from wastewater and seawater in recent years, which can significantly improve the
extraction capacity and extraction rate of uranium. However, the activity of most photocatalysts in air
atmosphere is inhibited, which hinders the practical application of this technology. Based on this, this paper
discusses the latest progress of photocatalytic assisted uranium extraction technology in air atmosphere,
focusing on the analysis of different mechanisms and product characteristics of photocatalytic assisted
uranium extraction in air atmosphere, especially the photoreaction and chemical reaction mechanism in the
absence of catalyst. There are mainly two mechanisms for the photocatalysis assist uranium extraction. The
first one is based on the photocatalytic reduction of U(VI) to U(IV). Under illumination, electrons and holes
pairs are generated on photocatalysts, and the electrons could reduce the soluble UO3" to insoluble uranium
oxide(UQO,). However, under air atmosphere, at the presence of oxygen, the newly formed UO, could be
oxidated back to UO;" and dissolved into solution, resulting in the decrease of uranium extraction

performance. Therefore, this mechanism is usually applied under inert atmosphere. Although with proper
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design of photocatalyst, the oxygen could be covert to +O; to further reduce UO3*, the performance is

still not comparable with that under inert atmosphere. The other recently developed photocatalysis assisted

extraction mechanism is based on the convert of soluble UO3* to uranium peroxide((UO,)O,+xH,0), which

can work well under air atmosphere. Under light illumination, hydrogen peroxide(H,0O,) can be first

produced with the assist of efficient photocatalysts or the photoactivity of UO3" itself. Then H,O can react

with to UO3" form insoluble uranium peroxide. As uranium peroxide is stable under air and oxygen may

contribute to the formation of H,O,, this mechanism can obtain excellent performance under air.

Researchers have developed composite materials such as carbon nitride, carbon dots, graphene aerogels,

and metal-organic frameworks(MOFs), which exhibit superior uranium removal performance under aerobic

conditions. Besides, research on uranium extraction via photocatalysis under air is still in its infancy, and

the specific reaction mechanisms may vary under different environments, necessitating further

investigation. Based on the mechanism of uranium extraction via the photo-assisted transformation to

uranium peroxides, the design of catalysts and uranium extraction materials will be greatly broadened.

Combined with the discussion of the reaction mechanism of uranium extraction under light conditions and

the design of catalyst materials, we hope to provide inspiration for researchers to develop highly efficient

uranium extraction catalyst and mechanism research under air atmosphere.

Key words: uranium enrichment; uranium extraction from seawater; air atmosphere; reaction mechan-

ism; photocatalyst design
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Fig. 1 Schematic diagram of photocatalytic assisted

uranium extraction under air atmosphere
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Fig.2 Proposed mechanism of the photoreduction of uranium( VI) by the heterostructured CdS/g-C;N, catalyst!*"]
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Fig. 3 Schematic diagram of the mechanisms for photo-
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co-decorated poly(heptazine imide)™")
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Sh, T HE AU A RE S 7 A H,0,, HAB R
SUT WG AL ™ Py R K 22 e, T AR 1 S8 b
JE R 7= ) AR Al o R 5 O O A b B i Ak
BB R AL TR R, R T AT O R
Bl 7 v B

2) W AR

il A5 IR — BT 4 0 R A Bl 40 K B ORL, LR T
HREMFEHS T, e 5K as & E =
B Ay, 145 HOGHEILPERE . ILAb, B X6 RY

W A i A B, T A PR P AR O A T S O
RE % P Ak 36 4 R BE Y 25 4 . AR R 4L 100 &
BT — R 5Bk 5. /A AL (carbon dots/carbon nitride,
CDs/CN) & & #1 B, I Ho A T AN [ &2 2k R i 0K 4
B B G MERE A AL A B B A PR RE . SCER
K, 51 AW CDs A LLA ok B = 19 00 HL 0 % B,
B ) A THT R A A B8 BEL 0 RN B S BT B, DA T 4
A UCVD) 42 v e . Hirh SerCDs/CN( 22 & iz
V5 R AT IR A ) 22 B MY Fe AR A G A AR IS 1 T Ol
W2 RAF K #1905 Ml -OH . SerCDs/CN
TE 2 ST X Al 48 BUZS 52 1690 mg/g,
A SN 3o A SR R B T s A kil 5 HL,0, IR
A O AR 3 Bl 1 (UO,) 0,02H,0.

AR STB /N B 5 % F oK, 6 HL R 24y
B TAERR Sk T4 . A TR A 101 58 i 7 Tl o0
0,96 6 B Bk 56 1 7 I 2 R 3R & G (PU) I, FiT il
7 1 CDs/PU & 45 b1 B} RE K i W H i UV 3% ik
HAE B (UO,) 0,22H,0, I Al BE 2 1 M7
Har S . WF Y B, v Y pH A R A A Tk
JE AT DU dE A AL S #2, BT CDs/PU RY I 45 JE
AR G5 H, FT LAAR 25 5 oK 4 A 500 DV Y 40 3
ok, JF B Tk o B2 A 5 0 Ak 2 R e R
W RRE R, R MR GRS R UE , X Al
R AR IRAE 95% LA b, BA G 5 5 456 BR8]
PERE .

3) f1 BRI BRI

1 B I7 B (graphene aerogel, GA) & —#F
P A A SRR A IR AR LR = YA SR 0 AR, i
AR E AT O S 00 S E kR B = 4 A FL I
A DL AR A Ao R e T R R A . AR R
R 2H 120 VRN A B s R S A R R B s KR
S0 Al 00 G HE AL AR BUAT B . % kR K Bk A
B, JF AT DL G R R PR AR A R R B R A ik
JEJE 1 GA 3R B 4 Th e I, JF 945 3 m o
T R ANE AT B PR S R R GA-200(200 C
TR B AL ) X A 25 B R A 96%, TEAL IR
S5 O Al Y 25 BR A KT 1050 mg/g. HLIRAF
R, 2T GAE R A A A 521 AL
L5 | Bk a5 A R RE Y O Ak i 4l AL EE AR 0L
FE G b Hl Bh W8 B BLER /R ML T, 9 B Y UO5*
5 a] = 4 H,0, & AR B (UO,) 0,22H,0.

4) TiO, & & ¥kt

Ti0, J& 5 57 Tl 4 4k 43 8 iy — 2ol fik 1k
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AR AE 28 ST A AL Bl D 2 il 1 AR AT 7 2k 321

F, B AR G5 A TE, 0 3.2 eV, S EUH HAE
W A 28 A0l AR B AR F - T 2S o], TR B A SR
25 SR UCVD) WA AR TR s, ' i Ak 2k o3 A I
FHIR . X =g IREA ) Gl T —FF Co0,@Tio,@
CdS@Au (CTCA) iy W52 44 K %€, TiO, 5 CdS Z [f]
FEAE Y Z R A5 R BE T O A HL T AE Tio, R
2, -0, it —LFROCAERFIFS SR T
A B H,0,, #— 24 1 T (UO,) O22H,0. 4

FW], 7F 10 mmol/L NaHCO; 411k T, #5481 BH S Be
3 10 min J&, CTCA XF U(VI) iy 2 B R 1] 35 98.8%.

5) MOFs & & #

& @A HLHE 42 41 B (MOFs) J& — 28 B A7 1 )
AP LIS R SRR, R A 5 E e
AV HLEC AR 4 3t 3 5 B8 A, T 48 4 45 0 4 B T
PEEDC I MERE . M4 B AL I B R, 3
T B ROCR B, DRI H R T A R T 4G ok
PEFHOB ARG E . X = O IR A 4 Y 38
H4 CdS G oK ok 34 &) M 11 6 7E 2 FE 2 fig 1k Ui0-66
FM, WA T B B CdS/UI0-66-NH, 5 it 45
JefEL AL . Uio-66 % i i —NH, % 1 7] LA 2L
Hb 43 CAS GHOoK kL, 42 &5 CdS 1 6 i Ak 3 1
CdS It 57 1Y 56 1 B8 71 o0 S A Ak S B 43t 1 R i
)6 A B F 5 UiO-66-NH, A3l B a7 07 8 fiff H il
oo ol N A NN (T8 b YA o B A il R =R
Az 73 R RS B CdS B b, 5 SPRON AR K
SO} ; Ui0-66-NH, 3 16 —NH, #] D) 5 Cd>fic {7, B
17 Ca* iy th o 7R A AU SR TE AT AR S i
SR, A WG MRS 15 min, CdS/Ui0-66-NH, %f
UV Y BR RN 100%, 61k 25 B R0 ik
3.78 mmol/(g=h), J=#)H Jo & JE /) (UO,) O,+2H,0,
[ERE R NP R A R A T N S A VR N
1) AR A B R 3 O 1,0, fE7E, R UV J2&
JeA A .05 ¥4kl (UO,) 0,22H,0.  BLAh, %
MREIE BT LUAE R BH G . JE 4k 700 Fn O, AU A5 1
TIRERAN T I ZE K b AR L S Ak K, XUV
Y 25 B AL 9 3K 85.62%

3 BEERE

O A A il Bl Bl 4 BB R e T R B e A
P R RCRANICTS B, B 12 A N 2 IR K/ G
P K rb B U B9 R AR I A R 2 — o AR S
H o G TE A AT LB TG A A AR 2% 1F T Al
9 0 SN 55 A 2 S AL B, O S T o IR A

ek TR A B9 A 9 BT SR o G Al b SR A R
il S A W B LR, X T S RO R R R REURE, B
fil 2 22 AL BT A AL R A R, 7E 2 UURE
W PR AU T KRB T PERER T . TIAE T
AR ST B HEAL RO 7 A2 9 HL0, T L
il I B 1 i A A BN AR Rl B S AR, )
AR, KRB R R . AT
4 ' AL 32 il T S, A5 SR AL TR R B B,
HAR 52 AL B AE AN [] ) 20 558 R T RE 2 AN S A
], AT Bk — B A5 o 5 T Ol Bh % 28 O il
i S A W B B AL R, K OROR 3 B A A 7R N 2 il
PR B o a5 A B X8 IR AT il iR
YBCRZ IO7 AL ) B 4 35 A B A A 50 B R A 5T R
i B AR S W 9 A I 4003 AR 4 T 0 R AR RS R
b — 25 HE Bl A AL Al 3R R R 1y 2 22 5 A8
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