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Abstract: To investigate the synergistic mechanism of uranium tailings reinforced by sodium silicate synergized with
Sporosarcina pasteurii, a uranium tailings was taken as the research object. By measuring the OD value and pH of
Sporosarcina pasteurii in the environment containing sodium silicate, the effects of sodium silicate solutions with different
modulus and different mass fraction on the growth law of Sporosarcina pasteurii were analyzed. Based on the microbial induced
carbonate precipitation (MICP) technology. the experiment of uranium tailings column reinforced by sodium silicate synergized
with Sporosarcina pasteurii was carried out, and the unconfined uniaxial compressive strength of uranium tailings columns in each
group was compared and analyzed. The results show that sodium silicate with an appropriate mass fraction and modulus can significantly
improve the unconfined uniaxial compressive strength of uranium tailings columns. The effect of sodium silicate solution with a modulus
of 2.3 and a mass fraction of 5% is the best, and the corresponding unconfined uniaxial compressive strength of the uranium tailings
column reaches 284 Pa, which is 11.8% higher than that of the single Sporosarcina pasteurii reinforcement group of 254 Pa. The
results of X-ray diffraction ( XRD ) show that the precipitates formed in all experimental groups are mainly calcium carbonate crystals.
Compared with the single Sporosarcina pasteurii control group, the calcite crystals formed therein have a higher proportion and better
crystallization thermodynamic stability. Scanning electron microscopy (SEM) images combined with energy dispersive spectroscopy

(EDS) results further confirm that after the addition of sodium silicate solution, more calcium carbonate crystals are formed, the
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crystal surface are smoother and flatter, and the structure is more compact. The research results provide theoretical guidance for

improving the reinforcement technology of uranium tailings reservoir.

Key words: Uranium tailings. Sodium silicate, Sporosarcina pasteurii » Synergistic mechanism, Reinforcement technology
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Table 1 Main chemical composition of uranium tailings samples %
SiO, Fe; Oy Al; Oy MgO MnO CaO P, 05 FeO K;0O U
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Table 2 Parameters of sodium silicate solution

in different test groups

e 41 ik R A AR 2K Tk 2 6 5T it 0 5/ %
A4 — —
B4l 3.3 8
c4 3.3 5
D4 3.3 2
E 4] 2.3 8
F 4l 2.3 5
G4 2.3 2

1.2.2 BETR &0 P [R) B EC 28 £ 4T B X il 8 D 1 1 2
R 5

ORI B W 2R 2, 0 R B B 45
(9 A ZH OO B 5 A TR VR — e TR NI R TS 45 W
) B~G 4. "R A M 3 e, B4 K5
2 A BRI T P R B A SRR 3 AR B M

AARBBAET a2 A 41 mmX 41 mm X
120 mm A [BIAE AR GSCAE P i SRR b iR 3 R 52, T2
CE 3 ELb A L B SRR fl R A R T A i
JETE 3 A I AR B FEFEAR IR L B 1k 1 3 i fie
45 W R TR VTR 5 AT s s PR T DA ARG S A 1
TR SR B 7 S S P AR e ZE I 1T, A ik R DA i m A
N RET K R, #E 24 h 5 IR —
bV QE 45N e S NS I N T NS = WE AN (e A N
1) A5 W CE FR WO B il 775 :0.5 mol/L IR ZRE I 1
mol/L ) CaCl, ¥ W SRR G . Il 1 5 e Ar b 2]
A 50 mL BEESH L FT Al AP AE T AR 2 2 1] .
TR SRR AT 55 FE 2 IE S5 W AT LN A0 A G 3
GG B AR RE T, 24 WA N 23 N THER v th . 21
BRI T 20 mL K45 BT P AR He E I 1], 1
h 5 PTG B ZE IR 1T o (0 AT P 22 0 1) I 45 YR 22 1%
MR IE 28 1 v s 4 26 ) i 5 2 32 5 A0 4
A R AL B TR RS AR A 10 mL W
A1 mL B FEFR M MR 5 W, 4 T S A B S A A
Bty 2 D VR 5 92 0 T S R R R R R A TR A R
VR [RVES i) b4 o 3 G AR T AL R R O
iR NG RAD A R [ B, RO I R B A 2 By
SRR 12 h A BRI PIRN T AR 2 e
FETCIRTER N 1k, 7 4150 1 1 2 AT B AR 10 d.

AT

80 mm

1 FARERTE

Fig.1 Schematic diagram of cementing fluid injection
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Fig.3 Growth curves of Sporosarcina pasteurii in the first

20 h under different mass fractions of sodium silicate solution
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Fig.4 Growth curves of Sporosarcina pasteurii in the first

20 h under different modulus of sodium silicate solution
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in group A and group F
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Table 3 The solid quality difference of sand

bodies before and after dissolution
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X RALF ARADECKRFIEAA mEMESGRESFR]]F LHRTE T K.2026.46(2). 257

HITE 8 WL F 4L fm A A e A 4L o 5% L
U I 201K 5 S T ) 15 B AP WU B2 PNV
KL B /D 255 R IR B 45 R P O O T
PRES AR TE 25 3R i 47 5 T JCEH IR 30K TR 25 4 14
v 27 AT, T LA BT Y TR A 9 ) L2 T2 A
FREFEAT I B F 4L op A2 5 i A A Y o L
e o PR E P S T PR — L T2 AT B AR B BR TR

&
~
4
0
2,
1)

4
KRV

(a) FAH (1)

cps fH/eV

KTER/eV

(c)FA (mfr2)

cps fH/eV

KRV

(e) FA (mfiL3)

5 R DU 2 R e sk A ok

& 9 Al F 4 b Ca JG 2 & 50 5003 51 ok
16% .22 %0 29% A X B P Ca JC R 1Y 5 & 7
BB 10% 11 % F1 15 %, 28 B B TR 9 15 Y 3 [
EL EQ ZE AT B HE A7 0 [ 0 F AL A B i B IR A 1A
B2, DI A R T 4 e R A0 A A [ R B E T
2.4/ INYT B R A 1 I I 2

cps {H/eV

HTEE/eV

(b) AH (RAL 1)

cps {H/eV

KTEE/eV

(d) A#H (RAL2)

cps 1H/eV

KT RV

() A (RfL3)

9 FHM AASP3IANEAH EDS gt E

Fig.9 EDS spectras of three points in group F and group A

RO S AR R 0 TR ORI L AR 12
h 205 AN TR 2 55 0] IR 2 v B I 2 AT T A G
HZFEART G .

(2) 55 B — PR 2 RT3 ) ‘il R 0 A Tl

(1) TR A5 B0 AN ] Joi 53 50 ik TR 9 AR A
T 6 h Mo il B PG 28 AT A AR, HLRE TR IR



258

X B 5

5 7 X

2026,46(2)

FRHT 38 FEAH b, 2 R NV WA B 2.3

=

Bh 5 Vo R A il RE 0 AT T M R BT 5 R 4R
THE R Mk 11.8%

(3) REMRENVE WK R 2.3 )5

TSP RO 5001

AL DUBRBRES UTIE b 3 SR WZO T 1A &R A AL
AT ) T BB TR o AR B4 A R S AT B TORE Bl TR T 45 i

Fede k2

B A A2 o T i 8

R E P S 4 4 7 M A

() ZInE R R T 5 4 Y R AL, SR
FH TV B 7= 5 e R 0 5 A W [ 4 R AH 45 A R

KA RN SURF 5 LUK R R

(R FR G 5 B R BOSR X [ % 9% R Ak L T A i
KA =GN,

2 % 3Lk (References) :

[1]

2]

(3]

[4]

[

]

FAG B O R AR W B R OF 5
MR TR HL T . 2024.51(5) :231-244,
WANG Nan, WANG Qiong, YE Weimin, et al. Research

JELI]. 7K 3¢

progress of microbial reinforcement technology [ J J.
Hydrogeology &. Engineering Geology, 2024, 51 (5);
231-244.

I B K R, SCF 52, 45 pH X MICP [ 1k 8 & 5 Yt
RO A mwi s [J] 4 - TR R, 2025,47(1) :38-47.
JIANG Zhaoming, CHEN Yonggui, WEN Zihao, et al.
Effects of pH on MICP curing of cadmium-contaminated
tailings[ ] ]. Chinese Journal of Geotechnical Engineering,
2025,47(1) :38-47.

R, LHLE, TR, 5. WUE WIS RS DIE AR A
R g5 R B BF 5 SR LT/ OLL B 7™ £ F T - 1-14
[2025-03-01 ]. https://link. cnki. net/urlid/51. 1251. TD.
20240726.1400.008.
LI Zhimin, WANG Hongguo, WANG Futong, et al.
Research status of microbially induced calcium carbonate
precipitation technology in comprehensive utilization of
tailings [ J/OL 1. of Mineral
1-14[2025-03-01 1. https://link. cnki. net/urlid/
51.1251.TD.20240726.1400.008.

W, L UHER % A YR BEE R W B ARk
S B b i o o A I R N I N 3 N L D
2024,55(7) :134-146.

CUI Xiuli, LI Jiaxi, XIE Jiamin, et al.

Multipurpose Utilization

Resources:

Enhancement of
shear strength of soft soil using MICP combined with
biochar[ J]. Water Resources and Hydropower Engineering,
2024,55(7) :134-146.

RICH XA Ak, S A IR D 1 A W A AUR
WEFELT ] AL T T A 4R K22 22 4 CH AR BE 2 RO - 2024, 43
(3):304-309.

ZHU Wenxi, DENG Huafeng, LI Jianlin, et al. Study on
the effect of zeolite-enhanced sand microbial solidification
[J]. Journal of Liaoning Technical University ( Natural
Science) ,2024,43(3) :304-309.

(6]

L7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

EARKL W S S B W A5 S 2T AR A B R e
R I 5E [J/OL]. 2 AR 5 FREE TR 2 4 (R 3E30)
1-11[2025-03-017. https: //link. cnki. net/urlid/50.1218. TU.
20240417.0851.002.
WANG Baoquan, XIE Jiaheng, GUO

Liang, et al.
Experimental study on erosion resistance of soil slope
reinforced by microbial fiber[ J/OL]. Journal of Civil and
Environmental Engineering: 1-11 [ 2025-03-01 ]. https://
link.cnki.net/urlid/50.1218.TU.20240417.0851.002.
GHODALO A O, TARIQ O, FIKRI H B, et al. Heavy

metal immobilisation with microbial-induced carbonate
precipitation: a review[ ] ]. Geotechnical Research, 2024, 11
(4):188-212.

BIAN Z F, MIAO X X, LEI S G, et al. The challenges of
reusing mining and mineral-processing wastes[ J ]. Science,
2012,337(6095) :702-703.

IMRAN M A, GOWTHAMAN S, NAKASHIMA K, et al.
The influence of the addition of plant-based natural fibers
(Jute) on biocemented sand using MICP method [ ] .
Materials,2020,13(18) :4198.

XIONG Y, DENG H F, L1 ] L, et al. Experimental study
of MICP-treated sand enhanced by pozzolan[J]. Rock and
Soil Mechanics,2022,43(12) :3403-3415.
LT Y, ZHANG M L, WANG X B, et al. Synergistic
enhancement of cadmium immobilization and soil fertility
through biochar and artificial humic acid-assisted microbial-
induced calcium carbonate precipitation [ J ]. Journal of
Hazardous Materials,2024,476:135140.

EATHE S, S AL - A S MAEYE S
B Rk U0 E (5L R T 0 AR AR S W g [ ). Tolk 2 4%,
2022,52(11):79-83.

WANG Bukang, JIA Cangqin, WANG Guihe, et al. Study
on cementation effect of tailing sand by magnesium oxide
combined with microorganism or by MICP[]]. Industrial
Construction,2022,52(11) : 79-83.

SR AR BN, LSS, A5 TR R R A R S O TR AT
DUREBAR 4 A 508 52 () ], o B R 08 3, 2021, 16
(10):1035-1053.

ZHANG Jianwei, HUANG Xiaoshan, BIAN Hanliang, et

al. Restoration and reinforcement of ancient buildings based

on the combined induced calcium carbonate precipitation

technology of skimmed milk powder [ ] ]. China
Sciencepaper,2021,16(10):1035-1053.
AL PRV A uks B R B R E ST S LA #E MICP

HARH B BB LB R 22 5 1R . 2019,42(8) . 7-12.

LIANG Shihua, CHEN Juntao, NIU Jiuge, et al. Study on
utilization of eggshell and scallop shellin microbial induced
calcium carbonate precipitation[ J]. Environmental Science

&. Technology,2019,42(8) :7-12.



j‘]kﬂ}lﬁ

B AN P Bl B K S AT W A B A R BV 8 X BE AT (.5 e AT R 5 JF £ ,2026,46(2). 259

[15]

[16]

[17]

[18]

[19]

YUE ] W, ZHAO L M, ZHANG B X, et al. Effect of
glutinous rice slurry on the reinforcement of silt in the
Yellow River Basin by Micro ially Induced Carbonate
Precipitation (MICP) : mechanical property and microcosmic
structure [ J ].  Advances in Materials Science and
Engineering,2021,2021(1) :5539854
ZHANG Z J, TONG K W, HU L, et al. Experimental
study on solidification of tailings by MICP under the
regulation of organic matrix[J]. Construction and building
materials,2020,265:120303.

AR ARTEAT XK S S5 R R P K 3 T OB R I B
5 RTS8 7 5,2017,37(10) :1296-1302.
LI Xia, XU Junzhe, LIU Rentai, et al. Study and
application of a new acid water glass grouting material[ ] ].
Tunnel Construction,2017,37(10):1296-1302.
)RR X SR A AT A R P K B R — Rk R A T K
MBI MF R[] ].58 + J1%%,2010,31(9) : 2829-2834.

XIAO Zunqun, LIU Baochen, QIAO Shifan, et al.
Experimental research on new grouting materials of acidic
water glass-calcium carbonate[ J]. Rock and Soil Mechanics,
2010,31(9):2829-2834.

R AL WA, A5 OCT WA A 4 i IR n [ R D
Ly 1k Aot 2T R 1 K e B 5T (0.8 b BF 5 5 0T & L 2022,
42(9):138-145.

L20]

[21]

[22]

LI Lanyue, WU Lingling, HU Lin, et al. Experimental study

on synergistic reinforcement of uranium tailings by two
microorganisms and prevention of uranium migration[ J ]. Mining
Research and Development,2022,42(9) :138-145.

S BRSSO i S R R S OB B - i
O T 3R 5 1 0 030 R 2 241 CH AR B 2 RO . 2019, 47 (3)
259-264.

PENG Jie, HUANG Mufan, XIE Gaogiang, et al. Grouting
method of MICP-treated soil [ J ]. of Hohai
University (Natural Sciences) ,2019,47(3) :259-264.
2205 05 SR W SRR AT U BE R B R B s R ]9 U
3R . 2023,35(4) 1 140-145.

L1 Fangfang. Research progress on influencing factors of

Journal

calcium carbonate precipitation induced by microorganisms
[J]. Qinghai Transportation Science and Technology.2023,
35(4) :140-145.

S AR X B AR A i S R TR T DO UE R L0 D
e HEARETE A R B R SR B R IR RS [T ). M R R IR
2023,37(1):40-46.

PENG Cheng. LI Jiabao, LIU Xiaoling. et al. Experimental
study on improving unconfined compressive strength of red
sandstone rockfill by microorganism induced calcium
carbonate precipitation[ J]. Journal of University of South

China,2023,37(1) : 40-46.



