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Fig. 1 Schematic diagram of the state change

during the ascent of different bubbles
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Fig. 2 Schematic diagram of the process of free radical

formation by micro-nano bubbles
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Fig. 3 Schematic diagram of oxygen mixing principle
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Fig. 4 Experimental model of micro-nanobubbles mixed with oxygen
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Fig. 5 Micro-nano oxygen mixing effect and bubble diameter
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Table 1 Hydrogeological parameters of a uranium deposit in Xinjiang

ELi0 #K A /m Ak E/m BBERE/ (m/dD
B 39.95~42.62  87.69~93.45 0.045~0. 145

B K /[L/ (s e m) ]

HALEE /(g/1) pH
8.46~12.16

KR /C

0.076~0.015 6.9~7.5 18~25




%14 T F . MARERE AR Z R P o 2 AR 71
K2 BUESKBEMTKELEAS
Table 2 Chemical composition of groundwater in ore-bearing aquifer mg/L
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Fig. 9 Variation of U, HCO; and residual oxygen concentration in 0402 well leachate
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Fig. 10 Leaching metal recovery rate change
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Table 3 Comparison of oxygen consumption between micro-nano oxygenation and traditional oxygen leaching process
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I [ KA/ m? ~ ~ A
7= #/(mg/L) o(U) /(mg/L) Jii kg ER WA BHE/ (t/tU)
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[ SiE -
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2023 4 3 H 3216 150 29. 23 93.988 0.48 5.13
T 2 946 150 26. 84 79.091 0.44 5.63
2023 4E 4 A 3335 80 28. 90 96. 390 0.27 2.77
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AR/ % 15. 43 35. 95 56. 930 30. 47 —20.16




74 LR %45 %
. O, B R o T #E A5 [T S 8707, 2013, 32(1)

5 it -

DK S H T 2% 0 LA 2 1 3 B S Al R DU Zhiming, NIU Xuejun, SU Xuebin, et al. CO, +
ﬁ{% TJFET %gifﬁ@‘]*bﬂﬁﬁﬁﬁﬁfﬁu FI“CO, + O, in-situ leaching test of one uranium deposit in In-
00 M35l 290 K 4 B2 H0 R D 5% S por Monsale 11 G M and Ml
RIREAACO, +OPMBRRIMPITMEI 61 bt ncghar, 30w 22, 5. 358883 0
SUE TR, EREEIT R TCO, O, 32t 0 (1] 4 0 4 I8 O

1)%?@1 W(Eﬁ&%ﬁ?ﬁfﬁkﬁiffﬁéﬂ*%/@ a8 43),2021(8) :46-55.

FoARFCH W T i ok R 2 L R ASGHAR Fiaz, ZHOU Yipeng, SUN Zhanxue, et al.

WA AR AE 50~100 pms VI K S CO, + O, neutral leaching experiment of uranium ore

RAEETERT ., from Mengqiguer deposit in Xinjiang [J]. Nonferrous
2) 38 3ok 2 PR IG 1R HY L 5 gl R i & U A Metals(Extractive Metallurgy),2021(8) :46-55.

FAL Gt IR A B I T 2 A%, R iE T & (7] EK.CO,+0, & H T2 &8I A it w3 AR 5 o

A KT A A FLS B AL B, 2025, 32(2) :150-156.

3) 6 BCHT S HE Al R R A P B R 10 X 1 W.ANG Fei. Res-earch and apph?atl(‘m of oxygen E.ld—
ORI s L 0
B B0 K I L B 8 - 4 i R U S
26. 84 mg/LATISE 36. 49 mg/L#TH T 36.95% . 157 pmaumn, ko, ek, % 3 COL+ O, B R AT
52k 1SR Xy &R AT 5 L] sl B4R, 2020, 39 (3):

185-190.

(1] FEiig, mER . FER R TR R [M] . b5t YAN Jifan, ZHANG Bo, LIU Jiabin, et al. Study on
rfE R T BB MORE, 2011 leaching effect of in-situ leaching uranium mine by
WANG Haifeng, YE Shandong. In situ leaching ura- CO, + O, [J]. Uranium Mining and Metallurgy,
nium mining engineering technology [M]. Beijing: 2020,39(3):185-190.

China Atomic Energy Press, 2011, (0] AEAEF, 24 BT, % BOTL S S EE A e
(2] BT, BRozsa . B i 5 8l K (27 ~ 39 o b ) R R R AL . AR, 2023, 42(3) :29-35.

A S [R].K Y Tl — O =#F58 fir, 2012. REN Huaping, LI De, JIA Zhiyuan, et al. Applica-

QUAN Jianping, CHEN Hongbin. Supplementary tion of micropore aeration oxygenation technique in

geological report on exploration of a uranium deposit in-situ leaching uranium [J]. Uranium Mining and

(lines 27-39) in Xinjiang[R].Changsha: Nuclear In- Metallurgy, 2023,42(3) :29-35.

dustry 203 Research Institute,2012. [10] Fgug, skfe &, P 5 R A By CO, +0,
(3] opeoul, wh i i, R0 0, 55 B s 3L s R CO, #h Huie R (1] A 648 AR, 2022(6) -

RRGIRXE T I S 8715, 2005, 24(3) :129-134. 56-61.

SU Xuebing, HAN Qingtao, TAN Yahui, et al. A TAO Feng, ZHANG Chuanfei, FENG Guoping, et

experiment of in-situ leaching of uranium with CO, al. CO, + O, in-situ leaching of uranium from a

at a uranium deposit[J]. Uranium Mining and Met- sandstone type uranium deposit [J]. Nonferrous

allurgy, 2005,24(3):129-134. Metals(Extractive Metallurgy),2022(6):56-61.

(4] X0, o0 b2, 8 SO, 48 3 & 1 20 W il 7 K M (11]  RAE fIfEW, £446, % BT B R-ALEN N2

BR A K SO IR 2 A5 ] - &8 w1, 2010, 26
(3):77-79.
LIU Jinhui, SUN Zhanxue, ZHOU Yipeng, et al.
Hydrogeochemical conditions of in-situ leaching ura-
nium exploration for Shihongtan deposit[]J]. Metal
Mine, 2010,26(3):77-79.

(5] HEH, 427, 3R, 5. Nl JE A R CO, +

Yk & W A BALE CO, + O, Hb32 T 5R # 55 {E A
WU A eS8 GRS, 2023(6) :144-152.

NIU Qinghe, HE Jiabin, WANG Wei, et al. Numer-
ical simulation of CO, + O, in-situ leaching of
sandstone type uranium deposit based on multifield
coupling of seepage-chemistry-stress [ J]. Nonfer-

rous Metals ( Extractive Metallurgy ), 2023 (6):



%14 AFAE P F AR EERBRARAERZR P60 AR 75

[12]

[13]

[14]

[15]

[16]

(17]

144-152.

TAKAHASHI M, KAWAMURA T, YAMAMO-
TO Y, et al. Effect of shrinking microbubble for-
mation[]]. The Journal of Physical Chemistry, B:
Condensed Matter, Materials, Surfaces, Interfaces
&. Biophysical, 2003,107(10):2171-2173
PETERSEN H B. The electrical charge on gas
bubbles in aqueous electrolytes[J]. Transactions of
the Faraday Society, 1950,46:332-336.
JUNGWIRTH P, Tobias D J. Molecular structure
of salt solutions: A new view of the interface with
implications for heterogeneous atmospheric chem-
istry[J]. The Journal of Physical Chemistry B,
2001,105(43):10468-10472.

GIBBS J W. The collected works of ] Willard Gibbs
[J].Nature, 1928(3117) :124.

PETERSEN P B, SAYKALLY R J. Adsorption of
ions to the surface of dilute electrolyte solutions:
The jones-ray effect revisited [J]. Journal of the
American Chemical Society, 2005, 127 (44 ):

15446-15452.
2R, R 6 1A 5500 ) 9 50 0 %

[18]

[19]

B W B (7] B B R R S T, 2011
(29):94.

TIAN Chunhua, XUE Jianlei. Exploration of in-
quiry-based teaching curriculum design based on
Bernoulli’ equation[]J] . China Education Innovation
Herald,2011(29):94.

EiE, @R N IER, & R RN E ST
KAE S B 45 4 R 2 8 [T iR, 2023, 42
(3):81-87.

WANG Haifeng, LI Jiandong, LLIU Zhengbang, et
al. Indicators for environmental monitoring of in-si-
tu leaching uranium mining production and ground-
water remediation[]J] . Uranium Mining and Metal-
lurgy, 2023,42 (3):81-87.

T 28 B kAR 4T, 45 < CO, 4 O, 7 IR SR il
FHRP R HR ST [J]. 86, 2024, 43 (3)
17-24.

WANG Ya'an, L1 Xinghao, YAO Yixuan, et al.
Preventing blocking technology of ore-bearing lay-
ers in “CO; +0O,” in-situ leaching of uranium[]J].
Uranium Mining and Metallurgy, 2024, 43 (3):
17-24.

Study on Micro-nano Oxygenation Technology for In-situ Leaching of Uranium
REN Huaping', KE Pingchao®, SHI Zhenfeng', JIA Zhiyuan', LI De',
ZHOU Yipeng®, XIE Xiliang', ZHANG Ziye'
(1. Xinjiang Tianshan Uranium Co., Ltd., CNNC, Turpan 838000, China;

2.School of Water Resources and Environmental Engineering, East China University of Technology,

Nanchang 330013, China)

Abstract: The ore-bearing aquifer in a sandstone-type uranium deposit in Xinjiang has poor permeabili-

ty and small amount of water in the well. When using the "CO,+ O," neutral leaching process, it is

difficult to add oxygen, and the oxidation efficiency of U(IV) in the ore is low, resulting in a low leac-

hing rate of uranium resources. To solve this problem, an efficient micro-nano oxygenation device was

developed. The results show that this device can add oxygen steadily and continuously to the low per-

meability and low water well. Under the condition that the leaching agent is supplemented with

NH,HCO; and the CO, concentration is unchanged, compared with the traditional single well oxygen-

ation, the concentration in the leaching solution increased by 35.95%, the oxidation capacity of the

ore layer was increased, the oxygen consumption was reduced by 20.16%, and the monthly leaching

rate was increased by 60.00% during micro-nano oxygenation.

Key words: micro-nano oxygenation; sandstone-type uranium deposit; neutral leaching; CO,+ O, ; in-

situ leaching of uranium



