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Abstract: China’s uranium resources are rich in reserves and deposits, but they are mainly low-grade
uranium ores with low content of uranium. Sandstone-type uranium ores are mainly mined by in-situ
leaching (ISL), but when the carbonate content is high, their efficient development is often limited by
problems such as gas plugging in acid leaching or insufficient neutral leaching efficiency. In this paper,

a method for electric field enhancement alkaline leaching sandstone-type uranium ores was proposed.
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Firstly, shake flask experiments were conducted using different concentrations of sodium carbonate,
sodium bicarbonate and potassium permanganate as lixiviant, and the concentration of the optimal
lixiviant as 35 g/L sodium carbonate + 15 g/L sodium bicarbonate + 3 g/L potassium permanganate is
obtained. At this ratio, through a self-designed electric field enhancement leaching experimental device,
the effects of four different electric field modes in enhancing the alkaline leaching of sandstone-type
uranium ores were compared within 40 d to systematically study the behavior and laws of uranium in
alkaline leaching under different electric field conditions, namely stabilized electric field (continuously
energized), alternating electric field (continuously energized but exchanging the direction of the electric
field every other day, and the initial electric field direction is the same as the stabilized electric field),
intermittent electric field (de-energized for one day followed by re-energized for another day, with a
duty cycle of 50%), and non-electric field (not energized). The results show that under the effect of
alternating electric field, the leaching efficiency of uranium is the highest, about 51.28%, which is 2.81
times higher than that of the no electric field group. And the leaching mass of the gangue mineral
(silicon) is the least under the alternating electric field, which is about 71% that of the no electric field
group. The alternating electric field can effectively reduce the deposition of silicate minerals on the
surface of uranium ore and enhance the surface activity of uranium ore. The analysis results by
inductively coupled plasma emission spectrometer (ICP-OES), field emission scanning electron
microscope with energy dispersive spectrometer (SEM-EDS), Zeta potential analyzer, and specific
surface area analyzer (BET) demonstrate that the electrokinetic effect primarily enhances the efficiency
of alkaline uranium leaching by promoting the dissolution of uranium minerals and gangue minerals, as
well as the migration of leached elements. The electric field enhancement alkaline leaching of
sandstone-type uranium ores effectively improves the leaching efficiency of uranium, providing a
theoretical foundation and technical support for practical field applications.
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Fig. 1 Model of electric field enhanced leaching experimental device
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Fig.2 Leaching mass and leaching rate of uranium in different experiment groups
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Fig. 3 Uranium leaching kinetic curves based on shrinking core model
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X3 LL R ALY/ (m¥g) fLE/mm
R A1 1.268 8 6.560 0
Wi 13.406 7 6.0310
Tl 13.769 6 6.209 0

J1 6.196 7 7.2289

Y1 7.4229 8.120 6
w2 143392 6.026 3
T2 12.9359 6.256 9

2 10.772 1 6.576 3
Y2 5.9417 9.081 0




553

220 B A A [ 3 R AR AL B IR D B A Y ML B AL AT Y 997

ZIN, 33U R 0 F X A U P RIOR B T
F 3 AR, 38 T A FLA AR o TR) Bk 3 i
BRI K FRIERGAE A B, (A
FEHBLRC /I, U B 0] B W 1t i FLEC R D . G
L 4L 7 2L AR B B R F e s 41, A b2 i
TR B 5 /)N, 33U B R A N L A A LR, 3R
B — AR R B T BAL BRI /D, I IR 25

FL B B W B AT R PR AL AR T S, L B b 5
AL 22 B A 25 (TUPAC) 5 L FLA%R DL FL 58 M K
i, BRSNS AF : <2 nm RiAL; 2~50 nm Ky
FL(AFL);5 50~7 500 nm K FL; >7 500 nm Ay
FLORAIE T A HEA KA ) . & 3T, KRZ4L
B AL T A FL A [ R G B T £ 50 BT BT 45 i
WA 545 S0 2 AN [R) X 3032 3 i FL A% 4 A
K12 iR . B 12 8w, & 508 A i fLIR R
TG A, LR B EILERAERT . Hnd
A5 I H KA LR 2 S AT e, 3
L 30 AL & B RCR RE R/N . ReUR L RN Ag AR
FL 37 19 A L W BS54 KT Tl Kk L 3 F1JE L
4, YRR A B TN AER . A W21
A FL A& B B 55 F T2, 13X U B A — T ] [l HL
HR M ICE W R — 7 B B, s Tz e A
NALREE o 3878 HL 3 W g 32 1R 3 1 P S5 LA I
B o i oAt 3 41, WA A AR ML 37 W S T
HIBRNEE .

3 it

1) 754 Rl g, BRI HR R E .
TE 40 d N, fhpY iR 22 51.28%, 2 TLH 4 1Y
2.81 1%, I HAZ R T B kR R
Ped, BZRKA DY (Si) B2 1 5 o f 7 4l
1 72%.

2) A5 37 IR SR P 1) s 0 vl 3 B B AR T
WY AL, XTFLEBR Y & B RO B

3) FrsLim A A T s iR R R S
PIRIH s ROR , 8 58 T AL A B o WG Ly
1) % 322 HE B AR 94 52 M O

4) W37 3 BEE A R R DL RO R B AT
Ry ah= %

£ % 3Tk

[1] FANGJ, LAU C K M, LU Z, et al. Estimating peak ura-

b
0.07 ‘ w2
Boos| |
§ 0.04
Z0.03
£ 0.02
3
= 0.01
0.00
10 50 100 10 50 100
fLi%/nm FL#2/Mmm
0.07rpy ™
= 0.06
& 0.05
2004
& 0.03
£ 0.02
= 0.01
0.00
10 50 100 10 50 100
fLi&/nm FL%/Mmm
0.07
3005
§, 0.04}
2003}
£ 0.02}
—J
= 0.01}
0.00
10 50 100 10 50 100
fLi%/nm FL1%/Mmm
0.07rvy M Y2
= 0.06F L
= 0.05} L
8004t L
Z 003} L
£ 0.02} 3
-
= 0.01} L
0.00
10 50 100 10 50 100
fLi%/nm FL%/Mmm
0.07 .
— 0.06 AT F ¢

10 50 100
fLi#&/nm

a——HE T PR R — 3 A9 4
b——HE I B — SR B A1 c—— R T A
Bl 12 R 154 5250 4 A R X 3R
1 i 1 FLAR I BT A 43 A
Fig. 12 Pore size adsorption mass distribution of initial ore and
slag from different regions in each experimental group

nium production in China—Based on a Stella model[J].
Energy Policy, 2018, 120: 250-258.

(2] JAUREE, 2780, S0, 45 Ak RATE S T R Efht
TRORBEOT T[], AL BTRL 2, 2024, 41(4): 703-711,
731.
ZHOU Sicong, LI Ziying, GUO Jian, et al. The security
of uranium resource demand under the new development
situation of nuclear energy in China[J]. World Nuclear
Geoscience, 2024, 41(4): 703-711, 731(in Chinese).

(31 ZJmm, sk, 278, 4. R SRR IE Bl
FUEHEELT]. #J5i274R, 2015, 89(6): 1051-1069.


https://doi.org/10.1016/j.enpol.2018.05.049
https://doi.org/10.3969/j.issn.1672-0636.2024.04.006
https://doi.org/10.3969/j.issn.1672-0636.2024.04.006
https://doi.org/10.3969/j.issn.1672-0636.2024.04.006
https://doi.org/10.3969/j.issn.0001-5717.2015.06.005

998

FETRERAHAR 5ok

[4]

(5]

(6]

[7]

(8]

[9]

[10]

[11]

CAI Yuqi, ZHANG Jindai, LI Ziying, et al. Outline of
uranium resources characteristics and metallogenetic reg-
ularity in China[J]. Acta Geologica Sinica, 2015, 89(6):
1051-1069(in Chinese).

PRk, FEREH. B R HIEER A T 2R R R IR R
1. R ESE, 2012, 21(9): 79-83.

SU Xuebin, DU Zhiming. Development and prospect of
China uranium in situ leaching technology[J]. China Min-
ing Magazine, 2012, 21(9): 79-83(in Chinese).

ZEHER, AR, X, 45 ShERSLAE DT Fepsivsia i
1), A4 E (REFRIT), 2024(3): 90-95.

LI Shijun, LIU Yongtao, LIU Hui, et al. Pressure alkali
leaching test of uranium-molybdenum symbiotic ores[J].
Nonferrous Metals (Extractive Metallurgy), 2024(3): 90-
95(in Chinese).

WIETR, R, WITH, . B ok Ry Ry A
COL+O, MR HEIR H H G & Bk Wi T e A ) L F
LI WA, 2024, 44(1): 132-142.

HUANG Xiaodong, SONG Hao, FAN Yuanqing, et al.
Comparison of the dissolution characteristics of fe-bear-
ing minerals before and after CO,+O, pressure stirring
leaching of the Menggqiguer uranium deposit, Xinjiang[J].
Mineralogy and Petrology, 2024, 44(1): 132-142(in Chi-
nese).

LIU C, LIU H, LONG J, et al. Interaction of dry and wa-
ter-saturated uranium ore with microwave and enhanced
extraction of uranium[J]. Minerals Engineering, 2023,
196: 108047.

HU P, TAN K X, LI C G, et al. Selection of the surfac-
tants for in-situ leaching of low permeable sandstone ura-
nium deposits[J]. Modern Mining, 2016, 32: 14-16, 40.
g, R, XBUk, S gh 5 R YA ELAE RS
JE]. B9 A i ER L3 3], 2018, 37(1): 55-62, 158-
159.

ZHANG lJian, SONG Han, DENG Hong, et al. Research
progress on interaction between uranium and microorgan-
ism[J]. Bulletin of Mineralogy, Petrology and Geochem-
istry, 2018, 37(1): 55-62, 158-159(in Chinese).

LLOYD J R. Microbial reduction of metals and radionu-
clides[J]. FEMS Microbiology Reviews, 2003, 27: 411-
425.

ZHOU H, XU J, LV S, et al. Removal of cadmium in
contaminated Kaolin by new-style electrokinetic remedia-
tion using array electrodes coupled with permeable reac-

tive barrier[J]. Separation and Purification Technology,

[12]

[13]

[14]

[15]

L16]

[17]

[18]

19]

[20]

[21]

[22]

2020, 239: 116544.

ZHANG S, ZHANG J, CHENG X, et al. Electrokinetic
remediation of soil containing Cr(VI) by photovoltaic so-
lar panels and a DC-DC converter[J]. Journal of Chemi-
cal Technology & Biotechnology, 2015, 90(4): 693-700.
KIM G N, SHON D B, PARK H M, et al. Development
of pilot-scale electrokinetic remediation technology for
uranium removal[J]. Separation and Purification Technol-
ogy, 2011, 80(1): 67-72.

MARTENS E, PROMMER H, SPROCATI R, et al. To-
ward a more sustainable mining future with electrokinet-
ic in situ leaching[J]. Sci Adv, 2021, 7(18): eabf9971.
MARTENS E, PROMMER H, DAI X, et al. Electrokinet-
ic in situ leaching of gold from intact ore[J]. Hydrometal-
lurgy, 2018, 178: 124-136.

WANG G, XU J, RAN L, et al. A green and efficient
technology to recover rare earth elements from weather-
ing crusts[J]. Nature Sustainability, 2023, 6(1): 81-
92.

FHEE, SRR, KR, SF. b AL ATE R SR Al v
A REME IR ] A 1R, 2005, 24(1): 50-53

WU Peisheng, ZHANG Baoen, ZHENG Ying, et al.
Study on possibility of application of geoelectric chem-
istry method in in situ leaching of uranium[J]. Uranium
Mining and Metallurgy, 2005, 24(1): 50-53(in Chinese).
SEVE, SRR, SEER. AL AR B AL B 0]
HHE™R, 2010, 29(1): 20-23.

WU Peisheng, ZHANG Baoen, QI Jing. Discussion on
the essence of geoelectric chemistry extracting uranium
process[J]. Uranium Mining and Metallurgy, 2010, 29(1):
20-23(in Chinese).

WANG W, LI C, LIU L, et al. Electrokinetic-enhanced
sulfuric acid leaching of uranium from sandstone urani-
um ores[J]. Journal of Hydrology, 2024, 642: 131869.

LI C, WANG W, LIU Z, et al. Electrokinetic in situ
leaching of U from low-permeability uranium ore[J]. Nu-
clear Engineering and Technology, 2025, 57(2): 103212.
ZRBEAR, AEMRIR, FRAR . v [ AR Bl T IR B SR e B
FE[J]. 4 HT, 2020, 36(3): 183-189.

LI Xiaocui, LI Linqiang, CAI Yuqi. Research on the se-
curity strategy of natural uranium resources in China[J].
Uranium Geology, 2020, 36(3): 183-189(in Chinese).
ARGOR, o0, BEEHE, 5. i AN R A PR A
oG JE IR B BT S (1] R B BOR, 2023,
51(S2): 328-335.


https://doi.org/10.3969/j.issn.0001-5717.2015.06.005
https://doi.org/10.3969/j.issn.1004-4051.2012.09.021
https://doi.org/10.3969/j.issn.1004-4051.2012.09.021
https://doi.org/10.3969/j.issn.1004-4051.2012.09.021
https://doi.org/10.3969/j.issn.1004-4051.2012.09.021
https://doi.org/10.1016/j.mineng.2023.108047
https://doi.org/10.1016/S0168-6445(03)00044-5
https://doi.org/10.1016/j.seppur.2020.116544
https://doi.org/10.1016/j.seppur.2011.04.009
https://doi.org/10.1016/j.seppur.2011.04.009
https://doi.org/10.1016/j.seppur.2011.04.009
https://doi.org/10.1126/sciadv.abf9971
https://doi.org/10.1016/j.hydromet.2018.04.003
https://doi.org/10.1016/j.hydromet.2018.04.003
https://doi.org/10.3969/j.issn.1000-8063.2005.01.010
https://doi.org/10.3969/j.issn.1000-8063.2005.01.010
https://doi.org/10.3969/j.issn.1000-8063.2005.01.010
https://doi.org/10.3969/j.issn.1000-8063.2010.01.005
https://doi.org/10.3969/j.issn.1000-8063.2010.01.005
https://doi.org/10.1016/j.jhydrol.2024.131869
https://doi.org/10.1016/j.net.2024.09.015
https://doi.org/10.1016/j.net.2024.09.015

553

2R 0 5 4 A [ e 37 A e AL TR R R R s Ak ) ML S L o F

999

[23]

[24]

[25]

LI Jiaxin, WANG Wenfeng, LU Qingfeng, et al. Study on
the release law of heavy metal elements from coal gangue
with different lithology in Xinjiang[J]. China Industrial
Economics, 2023, 51(S2): 328-335(in Chinese).

WEN D, FU R, LI Q. Removal of inorganic contami-
nants in soil by electrokinetic remediation technologies:
A review[J]. Journal of Hazardous Materials, 2020, 401:
123345.

YAN'Y Y, HULL J B. The concept of electroosmotically
driven flow and its application to biomimetics[J]. Journal
of Bionic Engineering, 2004, 1(1): 46-52.

TR, N, SR, . NS ERFIE AT COL+0, i
TR A G B Y 7R SRR [T]. R, 2024,

[26]

doi:10.3799/dqkx.2024.106.

ZHANG Yuchen, YUAN Yuan, RONG Hui, et al. The
occurrence and genetic mechanism of residual uranium
after CO,+0, in situ leaching in the Qianjiadian uranium
deposit, Inner Mongolia[J]. Earth Science, 2024.
doi:10.3799/dqkx.2024.106(in Chinese).

2k, PR £, XISE5t. WA R Zeta LIS B L
FESC R[] VEALRZE2E40 (A ARBL2E ML), 2005, 35(4):
459-462.

LI Jishan, YAO Tongyu, LIU Xiangui. The relationship
between Zeta potential of sandstone surface and porous
flow process[J]. Journal of Northwest University (Natu-

ral Science Edition), 2005, 35(4): 459-462(in Chinese).


https://doi.org/10.1007/BF03399453
https://doi.org/10.1007/BF03399453
https://doi.org/10.3799/dqkx.2024.106
https://doi.org/10.3799/dqkx.2024.106

	1 方法
	1.1 实验材料
	1.2 电场强化碱法浸铀实验

	2 结果与讨论
	2.1 不同电场对铀浸出与迁移的影响
	2.2 不同电场对脉石矿物浸出的影响
	2.3 不同电场下溶液离子强度的变化
	2.4 不同电场下铀矿石Zeta电位的演化特征
	2.5 不同电场下铀矿石结构的演化特征

	3 结论
	参考文献

