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IK FEFREE G TR, L24s WIAERS AN T 2 g/ L FAJS AR 1Y
Waksman ;3% 5 P55 9%, 9K AR KE 25 3 004l
(NH,),80, 3 g/L.KCl 0. 1 g/L.K,HPO, 0.5 g/L.
MgSO, » 7TH,0 0.5 g/L.Ca(NO,), 0.01 g/L, i
R 5 pH = 2. 05 Waksman W B 3% 3 W 47
(NH,),S0, 0. 2 g/L.K,HPO, 3 g/L..MgS0O, « 7H,0O
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Table 1 Main chemical components of sandstone-type
uranium ore sample %
BaO CaO K;O MgO MnO  Na:O [OK3
0.06 0.16 2.71 0.16  <C0.01 0.13 206. 5
SiO, S TiO; Fe P,0; ALO; LOI?
85.47 0.32 0.14 0. 46 0.01 6.76 3.03
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Fig. 1 XRD pattern of sandstone-type uranium ore
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TR R AT ) 2 R A R s 25 6 B AL A B2 D 55 G
P OK FE Ak 8% 77 3 L R IE 4% 4 R R B IR B — EL,
A E 3T, BT HERY IR E
Xof K5 F 30 1 T R R T 24 $E AR T OOK WK B 3R
R L 7E 30 °CL 150 r/min &F F IR 9% 24 h;
1L.24s FEM T Waksman WAKE; 2 39, 76 30 C,
150 r/min & fF FIR & 7% 3 d. & Bkt £k
W, MHmEBRMEERESSE —HE
1.0X 107 cells/mL; R 57, B % ZE 8 000 r/min
AT B0 5 min, 7 LW H pH=2.0 LK
BT RE WK 2 ), KBRIR AR5 p
1 Fe' " VBT AR S A 4 HE S 5 Lk
TR B B R R T IR I LA T
9K FLAli £ S A, UM B MR W % pH &= 2. 0, T
121 CF m FEZ8 VR K 20 mins S A FF il 3 2%
JE MR E , T 121 °CF @M R ZE VKK 20 min,
KW e G TR E TR EEREH. BH
JEHEL s 10O B ARB O A K H 5  9K JE Atk
e R G ¥ AT R 1 AR & v iR sk 58 KR 1
FeSO, « TH, O BRI, K R h Fe' " fie 2 ot i ¥
FESR 5 g/ L U I I TR Y SR 5T 4 8 1 4 3R v 5T
TR A TRE W T N 2.0 g/Ls H# b R 4 51 45 Fh
XTI L9 g TE B 9K B R L/ T R L #h 2 IR R AR
FUZE 200 mL. ¥ A #E T2 R 1A 3% <3 H R
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2.1 B—/REEMNETRHESENEIE
2.1.1 K% pH W4T
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FfRUTVEAT A B AR W A R AR A O B R T
AT B R 28 pHL Bt A ) (4 25 £k il <R an 1 2 B
K. ATUUFH BT 24 h N, &4 5 pH &
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AR R A I T A RERR B R 24 h
JR.EW A HA A0 pH F T HETH R
2. 04)F Fa TR . AR R i R L AN A
PEEL Y R FF L RERR . T 5 24 pH R
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AO>AI>A3>A4>A5>A2, KR pH Bah &
AT R L24f 5 L24s (9 Fe/S 8 4 (1
BLEREL. L24f Bk Fe? ' (i ad B M #E IR I i (5K
(1)), 2 FHAEFR pH THm 1 L24s 38 i A4k
JE R =R (2R (2)) AT HETH Fe® ™ Ak i AR IR 5400
ERR pH BRI L. —F R R
HE TR R Fe/S QM 3% B2, 08 1 52w & R
pH. HWE5E 3R BT, WA W6 BB 8 2k L A S 1
pH L FI7E 2. 0~5.0 Z 8] 4 pH<1. 5 i}, 5
BIER B AR B 23 Bl i e i g 45 R R L
— L24f Zi A Al ARS8 AL i = TR il 72 L Fe®
AALAERR B KT Fe' ' KM my = iR &, i & pH
FHZ 2,00, 15 &40 T 5 B ER WL A B pH 8

RN L2ds B9 20 51, Bl L24s He R A BT K, 14
R pH Bk, KRR 1: 1 RE4
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KA R iEH pH JEFE 1.8~2.0 2
)20, 1, 78 iz Tk A R AR el B pHL 9
Fir , HIFARAL T 508 AL R i A2 iy pH X )
(2.0~5.0) A RN T ¥y 2 1h BO% B AL 2 1Y
TR N 4R R RS AT B T A &4
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Fig.2 Variation curves over time for system pH of different

experimental groups
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P B e 2 S Wi IR R AR e T B 0 4R
BN TR 2000 0 Eh Bl s 1) 04 728 4k il 22 an & 3
Fis. PTRAEH LW A4 A0 5 L2ds B—
0 A2 ) Eh U2 F % E T #8454 Eh 1
fIKF 450 mV, JEHZX 2 MER T E I Fe'' 1Y
RETE A REFRLL A ) Fe' ' ik R E AL fE 55,
Te B UCIND) 8k 51 A3~ A5 A A
SR Fet H AL N Feb ™ 1Y L24f ThfETE , RESL
P Fe* (46 BF F A= (L24f % Fe*™ A1k K Fe'',
Fe' " YRRk A AL FF 07 A A 9 UCV) Ak
RATE R UGV, B B985 Fe' , IR
L24f Sk , OB RR LI B %0 3l 1 B I
X3 AMAR A RE T B RESE I UCIV) R
k. 5 A4 AS A HE . A3 438 5 7 BRBR 1Y
DrRIE T e A R pH RRE 78 L24f WG AE K
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Fig.3 Variation curves over time for Eh values of

different experimental groups
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Fe'™ i f ik FE 35 2 B0 T Bt 34, X f& h F L24f i
H Fert E AL Fe' " s, M 4 FH BT
A L24f AR R R 1B Fe I ok R & (k&
TREREE X FERENER D Fe' H5EW T
BH 7 B IR AR &5 A 25 B8 B0 R LT e (2R (4))
SR P AT E Fe' T R W AR L AL Fe
R HARHEBR B g R RO R 1
W BFFE0 A W B AR 3R G W (EPS) 5 Feb™ 1y 45
AL Fer I TG E T IR AR B SR I R
S E— 25 IR T 3 WP B Fe B30 % 5 1050
L L241 B B B Fe KB HEF N A1>
A4>A3>A5, X 5K R &2 pH KFAH XN, B
Al 21 pH i, & Fe Bt R i M b & L24s
o7 L3R TR R R pH BEAR, B Fe 51K BEE W8 20,

Fe' " ULTE Az A o 0 2R A 0 2o 2 s 1 i 1 4
R EE RN — 5 . Fe’ ' A9 AT 33 3578 B
PR T 4 EARTE Y Fet AR B0 L 1 RS 0 Tk
R s 55— 5 T A i 8 P Ak i & e 4 R i
T8 U 1 Ak s AN (S BEL T 240 51 5 0 ) 3% T 1 L
B RS HY (Fe'" 5 UOFT RE . R
RO TV 5 22 [ ) P AR A R0 Xl g AL
HIE R BERT A3~ A5 40 JR A,
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Fig. 4 Variation curves over time for mass concentrations of Fe** (a) and total Fe (b)
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N 1) L 300l Jo e e R i s i) %) A A i 2k ]
5 R iIm A mi A AR th R R 2, K2
B 2SHE A0S L2ds B —TH 4 A2 B4R I
ROR 5 2% 1l 28 mi il Hh 2840 R 30.1 26 FT50. 8%,
PRS0 P AT A e il ot 07 3804 5 B0 XRD 43 A R A
A YRR, 25 5 0 RV IR AR S R

GEAIF 5% AR I A R il 32 DR SRS UAV)
e A, 7% O W0 9 ok & R4l 7 Curaninite,
UO,) Fl 4l £ (coffinite, USIO, » nH,O)%, = 3%
B Ry R MR MEVE 0 W L A TG AN IR AR S5 E R L AR
5 HT R VAR I ME DL SEBUA S0R i, a2
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EGIRAH Ad A SR RN 83. 2% IR AU
A5 AN 65. 7%, 3 4L4HIZ H Ay 22 A AR R
AR EEME T Fe/S U5 51k 2 Fa e
PERY RN Ad 40 L2415 it & . Fe A AL AR
o B KT S ST 5R B L IR R RE R R K
FrEm R, i 2 pH i & . 28 2R &= A
Fe' " 1If ¥8 22 B, 7 4 2% 1 Bl Ak ™ =, LA T 8l 1
FREEW M AS 4 L24s i tad & 04 T L24f 1
e Fer AL SRR, Fe' A RR AL L Hh
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FaE MR RIREL, oAb, 45 Rk L0, 1240 2 F 2
EHIAN TR L I L24s B R O VR T PR R R T A R
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AP — T RS S TR AR R A, X2 B AR
PR 3 5 B AR5 g ie— 2L,

[
S

r—a—A0 —a—Al
—v—A2 —¢—A3
—>— A4 —e—AS

14 |

oo
T

UD)REEWKE/(mg « L)

1 1 1 l

48 96 144 192 240
i [8)/h

[\S}

(=]

B 5 FEER R E R B R A B 2 L i 2%
Fig. 5 Variation curves over time for uranium mass

concentrations of different groups

*2 RHLSAESHpH SHIRHE
Table 2 pH and uranium leaching rate of different groups

at end of leaching

451 %5 pH iR R/ 9
A0 2.04 30.1
Al 2.00 79.0
A2 1.66 50.8
A3 1.78 86.5
A4 1.92 83.2
A5 1.72 65.7

2.2 RHEBEHRIE
2.2.1 SEM WM

BHETUSHRER) SEM JE S 5 EDS BB 4
Mres e 6 frs . AR & 6 (a)) 3 m 6
FaE L T R ALBR S s R A, ) UKL AN
Wi, EDS E 1% /8 Fe JCE & @ 2 LU N
0.19%, 5IFH fbEz s R —3., 14
AOCEL 6 (b)) B A1 F THATH PR A7 AH X ~F- 2 A Jeg 8 i
PR/ F B AR R L TG S A TRCRRAE , UE S FR 4l b
AR I A B B VR AR 55 . 5 sl i R g 2R
SEA MR L24f B —THH AL(E 6D 4
T BT, HRMM A KES Fe.SITLRM
ZURVLTE  EDS fE1E W78 Fe S L E Bt [ 70 4y
BiE4. A5 %6 17,52 %0 JIESEW W R 8 T K&
PRERBLSE IR AR UUE , DOVE B 2 7E 0 Wy 3R 1, PHLAS 1
Y TE 5 8 LR, X e A1 R AR AZ IR
B FEFER AN, L24s B—THA A2 6d)H 1
F T AUBURL 1 2% 4 B0 S 2 o, T B O TAURRAE
WESE HY BRI R S s 445, 1 Fe' " AL E R A
SRR YA R TR 4 1 R RA
WA A3CE 6Ce)) W 7 F T 43 A1 K B Bl 5T, T X
JEAN S 2 5 Fe' S AL P R 1E F i 45 5100,
S P 308 Aok R BT T ) 3R 3 D A s i )
T Y g T8 AR R IR b &5 44

454 EDS gt g 5 a2 45 R T . A1 4
WM 5 KR Fe.S ST RMUITE. L T2
FREif)ZE e E S T W AR BVAE R R A
B A& —EmEALRE T, 5 2 B sOny 32 B, 5 3
B SOV I SE s A3 HHANAEAE D 1 B & R T0VE . i
SLEEACIRTE B ) 2% R SV T OR B T 40 R 5
YRR HY 5 Fe' I N BN UOS T 1 14
Hhs SR B S Al IR R R T A4 LAS HIAFTEA
[ P2 B B DO VE 78 15 B R AT A3 4.
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Fig. 6 SEM and EDS spectra of ore samples before and after leaching

2.2.2 XRD ¥4
AS[R) 4 98 s ) XRD g an 18 7 fr s,
B E B AN A B K AT, S 4 A0 R

R K MR £ KO B 2R s
2. 7100, e ZWAF T AR A TR YE R 25 1
TR A s R KL KRk
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4 A1 & W b BT BT R A B E B AL
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FAZAR TR A T K BRI TOUE s L24s B — T
41 A2 B H I R AR A I B B R BURRAE 0 5 3 TR
A TR A AU T b ARG T 38 A Ak LR AR 0 (R
WEnE B E AN T AL 4L, A L24s 2R BEC b iy
Bl BB AR AIF 0 98 B A WSS . 5 R R pH
ALK EDS TR AN R e v & . EHAE

ME7 Bl MRS 1 IRAEA

A3 R A R E 0 iR BE e A B o W WL R )
A B P 7 Tl R B B R, X 5 e R 2
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1. 60~3. 448 5 A= pl . B pH<2. 0 B 253 8 41
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Synergistic Effect of Acidithiobacillus ferrooxidans and Acidithiobacillus thiooxidans in
Bioleaching of Sandstone-type Uranium Ore
LIU Chenyang'?,LIU Yajie"**,WANG Xuegang'?*,ZHOU Zhongkui'**, WANG Jian'?"*

(1. State Key Laboratory of Nuclear Resources and Environment ,East China University of
Technology,Nanchang 330013,China;
2. School o f Water Resources and Environment Engineering ,East China University of Technology »
Nanchang 330013,China;
3. Jiangxi Provincial Key Laboratory of Genesis and Remediation of Groundwater Pollution ,

Nanchang 330013,China)

Abstract: In-situ uranium leaching was investigated using native acidophilic ferrous sulfate oxidizing
bacillus ( Acidithiobacillus ferrooxidans, 1.24f) and acidophilic sulfur oxidizing bacillus
(Acidithiobacillus thiooxidans, 1.24s) from sandstone-type uranium ore. In combination with
physicochemical parameter monitoring and characterization techniques such as SEM-EDS and XRD, the
synergistic leaching mechanism was elucidated to determine the effectiveness of synergistic leaching
and the optimal inoculation ratio. The results show that L24f and L24s strains have a significant
synergistic uranium leaching effect, and the inoculation volume ratio of 1 : 1 is the optimal ratio.
Under this condition.,the final uranium leaching rate of sandstone-type uranium ore is 86. 5% , which is
7.5 percentage points higher than that of a single 1.24f pure bacteria system. The mixed bacterial
consortium system can maintain the low pH environment of the system through complementary
metabolic functions, effectively inhibit the formation of jarosite passivation layer, and significantly
improve the leaching rate of uranium.

Key words: uranium; sandstone-type uranium ore; synergistic leaching; bioleaching; mixed bacteria;

Acidithiobacillus ferrooxidans ;Acidithiobacillus thiooxidans



