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Fig. 1 XRD pattern of uranium ore sample
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Fig.2 Variation curves of bioleaching parameters of sandstone-type uranium ore with time at different initial pH values
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Fig.3 Variation curves of bioleaching uranium mass concentration and leaching rate with time at different initial pH values
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Fig. 4 SEM and EDS analysis results of raw ore and bioleaching residue
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Fig. 5 Variation curves of bioleaching parameters of sandstone-type uranium deposits

with time under different ore-pulp ratios
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Fig. 6 Variation curves of uranium mass concentration and uranium leaching rate with time in bioleaching of

sandstone-type uranium ore under different ore-pulp ratios

3 i

Bt sl A M, REW R TV IR
pH R 5 bt G2 i 4l i 52 ), 2598 00 T

DAER G pH N 1.4 I, 2 R &, ik
95. 63 %0 » ML 2 W 36 1 D Fe™ ™ AR e
AEAT AN Fe' ™ /K A 0 UE » 0 A Bl Ak 2 7 26 L {2
BRI Y pH<T1. 4 W, pH &, 23 30 i 40
AR R AR S M, S BCHIR R T Y pH=
2. AR, BB OS5 DT UE W) S B FE AL BT 40 o) 2 T
AR P L 5 B0 R I B A

DT N 10% W, 83 R R4, A
94. 22 Y0 o EE B2 A T P A% SR80 3 ] Sk de AR
RE AR EHMED: Y47 Rl ®
(>>20 %) B, 23 S BOROH BRI , S80S A% i R 4L
R AT 0 7 R T A QS M L R pHL T
Sy B Fe’ K A U0 BE S 1 — 25 40 3 i i
W TS AT R (S5 YO L BT LI S R R
DR SR IR BT L 300 Ak A 0 T e s A 48 4 s T

FEAH Tl Ay
M TE S AR RE h w FERR D 5 B Al ) A= ) iR

TR — 2 B R G, T — 2 455 3
PR AR AFBEAT IR O B R WR I P iR R
PG VR AL ()

%k
[0 BRAESR W AR L %, oA T8 Al VG U (76 94 40

[J7. 4t 5 . 2021,44(2) :25-34.
CHEN Jungiang,ZENG Wei, WANG Jiaying, et al. Analysis of
supply and demand situation of uranium resources in the world

and China[ J]. North China Geology,2021,44(2) :25-34.

(2]

(3]

[4]

(6]

[7]

(8]

TRl AR RE R R T AR E AR R
(. R E S, 2012.21€9) : 79-83.

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

W EE A 4. AR R B R B 5 3 s Je AR L) . o
[ 12 B B AR Al . 2009(15) :5-6.

YANG Mingxia, SHE Guanjun. Research history and cur-
rent situation of microbial leaching uranium technology[ ]].
China Hi-tech Enterprises,2009(15) :5-6.

B L U R A HOR R L) Bl TR
2006,4(2):49-51.

LI Xueya, YE Qian. Microbial metallurgy technology and its
application[ J ]. Mining Engineering,2006.4(2) :49-51.
SRAEET o A ek, B IR A5 R R B b X B A A iR
WEEm )] A OB GRHRIEIT) . 2022(7) :62-68.

GUO Jianping,ZHOU Zhongkui, GE Yubo,et al. Effects of
temperature and L./S on bioleaching of a uranium mine[ J].
Nonferrous Metals ( Extractive Metallurgy ), 2022 (7).
62-68.

CHEN W,YIN S H,WANG L M,et al. Re-inoculated bac-
teria driving microbial community functional response to bi-
oleaching of low-grade copper sulfide ores: potential to im-
prove copper recovery[ J . Journal of Sustainable Metallur-
€y.2023,9(3) :1226-1238.

F R ARILER () BEAR Aoz S0 AL 5 B 7 A op 35 el s
WrgE )] Mk iA 42 ,2023,42(5) 1 469-473.

WANG Gang. Leaching of copper and cobalt from a low
grade copper-cobalt oxide ore in Congo ( Kinshasa) [[]J ].
Hydrometallurgyof Chinas2023,42(5) :469-473.

WANG X G,SUN Z X, LI J,et al. Bioleaching of low-grade
volcanogenic uranium deposits at a tonnage scale[ J]. Jour-

nal of Radioanalytical and Nuclear Chemistry, 2023, 332



732

E}j

o
G

2025 4¢ 12 A

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(8):3173-3180.
TR R AR A AR AL AR A IR T S
[J]. #8141 ,2019,38(3) : 177-180.
ZHANG Jingmin, LIU Hui, CHENG Hao, et al. Experi-
mental study on bioleaching of a low grade uranium ore[ ] .
Uranium Mining and Metallurgy,2019,38(3) :177-180.
LIJ F, TONG L L,CHEN Q, et al. Bioleaching experi-
ments on a low-grade complex zinc ore from Inner Mongo-
lia[J]. Solid State Phenomena,2017,262:155-158.
MOUSAVI S M, YAGHMAEI S, VOSSOUGHI M, et al.
The effects of Fe( Il ) and Fe(lll ) concentration and initial
pH on microbial leaching of low-grade sphalerite ore in a
column reactor[ J]. Bioresource Technology,2008,99(8):
2840-2845.
LGy, E s, 00,55 N o™ KO 3 &0 4 iR
I UETELT]. ik 1R 4, 2023,42(4) : 341-346.
WU Zengling, WANG Qiankun, WANG Hong,et al. Leac-
hing of gold from refractory gold ores in high salt mining
areal ] ]. Hydrometallurgy of China,2023,42(4):341-346.
BRIERLEY L C. How will biomining be applied in future?
[J]. Transactions of Nonferrous Metals Society of China,
2008,18(6):1302-1310.
XL BT A SO, S RD s R A R s R TR LT .
A 8 JE GRBR5) . 2019(6) : 40-48.
ZHAO Kai, LI Guangrong,ZHOU Yipeng,et al. Research
progress of leaching of sandstone-type uranium ore[ ] ].
Nonferrous Metals ( Extractive Metallurgy), 2019 (6):
40-48.
LIUJ H,SHI W J,LIU Y J, et al. Comparative experi-
ments on acid leaching and bioleaching to a sandstone type
uranium ore [ J ]. Advanced Materials Research, 2015,
1130:247-250.
FE e b F S8 SO AR AR B h T R iR i
BT A A m (B #2019, 71(3) : 1-5.
WANG Xiao, SUN Zhanxue, ZHOU Yipeng. Bioleaching
of uranium ore from a low-grade sandstone-type uranium
deposit[ ] ]. Nonferrous Metals (Mining Section), 2019, 71
(3):1-5.
LIU C, LIAO B, NIE S, et al. Enhanced bioleaching of
granite-type uranium ore pretreated by microwave: process
optimisation and kinetics [ J]. Journal of Radioanalytical
and Nuclear Chemistry,2021,329(2) :1045-1060.
LI Q.SUN J,DING D,et al. Characterization and uranium
bioleaching performance of mixed iron- and sulfur-oxidi-
zers versus iron-oxidizers[ ] ]. Journal of Radioanalytical
and Nuclear Chemistry,2017,314(3) :1939-1946.
LI Q.YANG Y, MA J,et al. Sulfur enhancement effects

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

for uranium bioleaching in column reactors from a refrac-
tory uranium ore[ ] ]. Frontiers in Microbiology,2023,14.
DOI:10. 3389/fmicb. 2023. 1107649.

XIAO L,LI S,LIU X,et al. Linked variations of bioleach-
ing performance, extracellular polymeric substances (EPS)
and passivation layer in the uranium bacterial-leaching sys-
tem[ J]. Journal of Radioanalytical and Nuclear Chemistry,
2024,334(1) :1-15.

R YR T ZAERNSE N B E S e KRR E
WAL N AR SE[D]. 5 AR A TR 2%, 2022.
ik AL = ¥, P HE TS, A5 512 BT R IRAE iR il 5 A
W FRBARPISELCT/ /i E B 2 2 i b B 4 2 i [ %
IR A 2. A VAT R R b B R B 22 18 SO AR
PO bRt P 2222, 2012:628-637.

OLUBAMBI A P,NDLOVU S,POTGIETER ] H,et al.
Role of ore mineralogy in optimizing conditions for
bioleaching low-grade complex sulphide ores[ ]]. Transac-
tions of Nonferrous Metals Society of China,2008,18(5) :
1234-1246.

NEMATI M,HARRISON S T L. A comparative study on
thermophilic and mesophilic biooxidation of ferrous iron
[J]. Minerals Engineering,2000,13(1) :19-24.

ZHAO H B, WANG J, GAN X W, et al. Bioleaching of
chalcopyrite and bornite by moderately thermophilic bacte-
ria: an emphasis on their interactions [ ]J]. International
Journal of Minerals, Metallurgy. and Materials, 2015, 22
(8):777-787.

PLUMB J J, MUDDLE R, FRANZMANN P D. Effect of
pH on rates of iron and sulfur oxidation by bioleaching
organisms[ J]. Minerals Engineering.2008,21(1) :76-82.
w0 AT AR R S R R R Ak E AT R eE SR (D], 4R
M AR A B T K2, 2019.

L& i, DRI, =N B TAERR MKW AT R
(1], W R A (42 )8, 2005, 21(1) : 36-39.

MA Ying, HE Jing, MA Rongjun. Fe ([l ) behaviores in
acid solution[ ] ]. Hunan Nonferrous Metals,2005,21(1)
36-39.

GEHRKE T, TELEGDI J, THIERRY D,et al. Importance

of extracellular polymeric substances from Thiobacillus

ferrooxidans for bioleaching[ J]. Applied and environmen-

tal microbiology,1998.,64(7) :2743-2747.

I Fy At e, A SO, A Rl R RO T L)L A
4 J8 GRIEHE 43 . 2020(4) :93-101.

XU Lingling, YANG Hongying,ZHOU Yipeng.et al. Ura-
nium-leaching microorganisms and their applications[ ] ].
Nonferrous Metals ( Extractive Metallurgy ), 2020 (4):
93-101.



9 44 B 6 1]

BT SR WIAG pH ST MO SRR AR W IR Y R e .

733

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

T BRIk T B, WRED A L SF L W pH X B W T
e R B 1 R i 5% F ST () . R A 42 R, 2009, 33 (1)
80-83.

WEN Jiankang. YAO Guocheng, CHEN Bowei, et al.
Effect of pH on activities of mineral-bioleaching microor-
ganisms and bioleaching rate[J]. Chinese Journal of Rare
Metals,2009,33(1) :80-83.

BRI A R SR S TR BE B R AL A I AT A B
AR R AL L] A 64 m GRERF 40 , 2014 (4) .
33-37.

JIAO Xueran,SUN Zhanxue, LIU Siweiset al. Effects of acid-
ity and medium on acidification of uranium bioleaching[ J].
Nonferrous Metals(Extractive Metallurgy) »2014(4) ;33-37.
SEFE, AR, X 55, 25, SNIR Fe? ™ Wk BE R ) R0 42 Xt 2 4
AR, A AR QREETESY) . 2024(2) 1 64-71.
XIN Yan, WANG Shijun,LIU Yong.et al. Effects of exog-

>+ concentration and mineral particle size on ura-

enous Fe
nium bioleaching[ ] ]. Nonferrous Metals ( Extractive Met-
allurgy) ,2024(2) :64-71.

JRBE R, B0, EEG BRMAY S AR SRR 5
Yh A R AL 58 4 . 2015, 34(2) 1 269-276.

ZHOU Hongbo, MAO Feng, WANG Yuguang. Acidophilic
microorganisms and bioleaching technology[ ] ]. Bulletin of
Mineralogy, Petrology and Geochemistry, 2015, 34 (2):
269-276.

BABLG, T B B, 45 3 o B A I R Mk
BRIGRBILT]. s E Ak 2003(6) :55-57.

HU Kaiguang, WANG Qingliang, LIAO Jianjun, et al.
Study on the air flow’s impact on quick oxidization of Fe*
by bacteria[ J]. China Mining Magazine,2003(6) ;55-57.
SUN J,MA J F,LI Q, et al. Role of Fe/S ratios in the
enhancement of uranium bioleaching from a complex urani-
um ore by Acidithiobacillus ferrooxidans and Acidithio-
bacillus thiooxidans consortium [ J]. Journal of Central
South University,2022,29(12) :3858-3869.

YAZDI M R S, ABDOLLAHI M, MOUSAVI S M, et al.
Comparison of copper dissolution in chalcopyrite concen-
trate bioleaching with acidianus brierleyi in different initial
pH values[ ]J]. Journal of Mining and Environment, 2020,
11(3). DOI:10. 22044 /jme. 2020. 9447, 1853.

R X E T EAAR S S BB R 1 5 4L B A
FETEAE DA 4R B SE LD ). BB 5 TR, 2008,
28(4):381-384.

LI Guangyue, LIU Yulong, WANG Yongdong, et al. A
study of effect of Thiobacillus ferrooxidans and Thioba-

cillus thiooxidans on leaching of Ut [J]. Nuclear Science

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

and Engineering,2008,28(4) :381-384.

LIU H,GU G, XU Y. Surface properties of pyrite in the
course of bioleaching by pure culture of Acidithiobacillus
ferrooxidans and a mixed culture of Acidithiobacillus
ferroozxidans and Acidithiobacillus Thiooxidans[]]. Hy-
drometallurgy,2011,108(1/2) :143-148.

VALENCIA P,ACEVEDO F. Are bioleaching rates deter-
mined by the available particle surface area concentration?
[J]. World Journal of Microbiology and Biotechnology,
2008,25(1) :101-106.

ALIPANAH M,REED D, THOMPSON V,et al. Sustain-
able bioleaching of lithium-ion batteries for critical materi-
als recovery[ J]. Journal of Cleaner Production,2023,382.
DOI:10. 1016/j. jclepro. 2022. 135274.

XIN B, JIANG W, LI X, et al. Analysis of reasons for
decline of bioleaching efficiency of spent Zn-Mn batteries
at high pulp densities and exploration measure for impro-
ving performance[ ] ]. Bioresource Technology,2012,112;
186-192.

ROY J J.SRINIVASAN M, CAO B. Bioleaching as an eco-
friendly approach for metal recovery from spent nmc-based
lithium-ion batteries at a high pulp density[J]. ACS Sus-
tainable Chemistry &. Engineering, 2021, 9 ( 8 ):
3060-3069.

LIU X,LIU H, WU W,et al. Oxidative stress induced by
metal ions in bioleaching of LiCoO. by an acidophilic
microbial consortium[J]. Frontiers in Microbiology, 2020,
10. DOI:10. 1021 /acssuschemeng. 0c06573.

ALIPANAH M, JIN H, ZHOU Q. et al. Sustainable
bioleaching of lithium-ion batteries for critical metal recov-
ery: process optimization through design of experiments
and thermodynamic modeling[J]. Resources, Conservation
and Recycling, 2023, 199. DOI: 10. 1016/j. resconrec.
2023.107293.

LI J,ZHANG B,YANG M,et al. Bioleaching of vanadium
by Acidithiobacillus ferrooxidans from vanadium-bearing
resources: performance and mechanisms [ J ]. Journal of
Hazardous Materials,2021,416. DOI:10. 1016/j. jhazmat.
2021.125843.

BEP. WY RN A B AR YR B T AL
[D]. BB AREHT RS, 2021.

YUE G,ZHAO L,OLVERA O G,et al. Speciation of the
H,SO,-Fe; (SO;)3-FeSO,-H; O system and development
of an expression to predict the redox potential of the
Fe' " /Fe?" couple up to 150 °C [J]. Hydrometallurgy.

2014,147/148:196-209.



« 734 ke 4e 2025 4F 12 H

Effect of Initial pH and Ore-Pulp Ratio on Bioleaching of A Sandstone Type

Uranium Deposit

HUANG Zixian"?,LI Chunguang'?,LIU Zhenzhong'?,ZHANG Yaocai'?,
LI Yongmei'?, TANG Yizi'*

(1. College of Resources Environment and Safety Engineering ,University of South China,
Hengyang 421001,China;
2. R&D Center of Radioactive Waste Treatment ,Disposal and Modeling yUniversity of South China
Hengyang 421001,China)

Abstract: During the biological leaching process, leaching microorganisms are relatively sensitive to
environmental factors such as the initial pH and ore-pulp ratio. Taking a sandstone type uranium
deposit in Inner Mongolia as the research object, by analyzing the pH,REDOX potential (Eh) ,iron ion
concentration and uranium leaching rate of the leaching solution, the influence of the initial pH and
ore-pulp ratio on the uranium leaching rate was discussed. The results show that when the initial pH is
1.4 and the ore-pulp ratio is 10%, the biological leaching effect of uranium is the best, and the uranium
leaching rates reach 95.63% and 94. 22 % ,respectively. An appropriate initial pH can reduce the formation of
iron precipitation and maintain the activity of mixed Acidithiobacillus ferrous oxide (At. ) and Thiobacillus
thiooxidans (T.t). The optimized ore-pulp ratio can enhance the mass transfer efficiency and promote
leaching. The research can provide an important basis for optimizing the bioleaching process of
sandstone-type uranium ores, and the research results can offer theoretical basis for the enhanced
bioleaching of sandstone-type uranium ores in Inner Mongolia region.

Key words: mixed acidophilic bacteria;initial pH ;ore-pulp ratio;biological leaching;

sandstone-type uranium ore



