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Abstract—In order to leach the aqueous uranium from the low-grade uranium ore, the studies on the
identification of the iron-oxidizing bacterium associated with uranium leaching and, subsequently, the leach-
ing of uranium were made. Slime samples were collected from Bosung, Dalsung, and Ilkwang mines to isolate
and identify the iron-oxidizing bacteria. Thiobacillus ferrooxidans oxidizing the ferrous iron, sulfides, and thio-
sulfate was then isolated successfully along with the optimal growth conditions(30T and pH 2.5). In the
presence of this iron-oxidizing bacterium 34% to 38% of the aqueous uranium could be leached out from
the low-grade uranium ore within 10 days.
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Table 1. Composition of various culture media(grams)

ri‘:;si:‘““"“ (NH,);S04 F;gi; KCl CaCl;, KHPO, KH,PO; Ca(NOy), lf’fig:g‘ I‘f;ﬁzg }20524 D.W.

9K A 30 01 05 001 05 700

B 143 300

Leathen A 015 0.05 0.05 001 05 1000

B 10 10

M A 08 04 0.16 800

B 19.46 1%0v) 200

STS. 02 02 30 01 50 1000
g AE9 $2E AeE A% AT E vl o3 2-2. ojHjulient #Fe 22| U §H-

P B Aol Mol 29| ool 8 48E WA 5]

Pt} e ELE A AAEly] §8FE AZ) )3l Membrane filter(Millipore Co., 0.45 ym) 2 o

F2 godsle AdoRE Ferrobacillus, Thiobacillus
49] o) 2em3], °1& & F ferrooxidans, F. sul-
fooxidans 2 T. ferrooxidans 5 3%2] A3t Adol
FE {855 HAE #A% L Bty o ol
39 Ao At AlgEL FA ol BE Foll FE
e 7719 A, 3 =2 £33 IFES AESEEY o)
o A7le g As A J"'}‘% | o] dabrta g
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Atdiade] =i olAluk Aol Ao g ste] YA
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o Blejx]= A3, Al A 2 AES e 2N E
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Table 2. Composition of identificaticn media(grams)

Media I I 11 v \ VI VI

Solution A B A B A B C D T

(NH.),S0, 0.2 0.15 0.1 6.0

MgSO0, 05 0.1 05 05

CaCl,-2H,0 0.25 0.1 0.1 025 0.25

FeSO, T T 0.02 T T

KH:PO4 30 20 20 30 30

Precipitated 10.0 100 100

sulfur

KCl 0.05 0.05

MgSO,* 7H,0 0.5 010 05

K HPO, 0.05 135

Ca(NOy), 0.01 0.01

FeSQ,-7H,0 10.0 10.0

NaNQOs 0.2

MnSOq T 0.02

NaNO, 0.2

Nazszog 10.0

N325203 i 5H20 100

Na,S;0;-meta 15.0

Agar 15.0

Tap water 1000 900 50 1000 1000

D.W. 900 100 1000 250 100 100 100
tronic-20) 2 A 3hdck. FAlFet 459 7] Tho-
maA| AFH Haemacytometer) -2 ©]-8-3ted &) #(Leitz,
DIALUX 22)3lell ] &A3ks] 2, e 42 Arse-
nazo I1I[10, 16] #H & o]&s}o] UV(HITACHI Model

©) 220-20) & 655 nmeol| A ZA s}t

Fig. 1. Schematic diagram of agitated reactor.
1. Water bath 7. Stirrer

2. Temp. controller 8. Thermometer
3. Air compressor 9. Sampling port
4. Air flowmeter 10. Thermocouple
5. Humidifier 11. Reactor vessel
6. Vent

E Ao gleia) pH &2 pH meter(Chemocadet
model 5984-50)-8 Al&-3te] ZHAsiglT, Feirol 54
4 & Feol &3 wlofll g 5 m/¥ A3 ste] Beckuld
(8]l £]3F v} A& o] 8-3}o] spectrophotometer(Spec-

315128 M30H H2E 199214 4%

3. @4 R HE

3-1. A5t 2laMo| Mot

AHR BAwE U] pHE 48692 iwv)
oo ¥ Fe'u} Fed'o] tekx I3 wlgke
yebgon, g4 Sk JuS9] pHE 4.2-45%%0]
I Fegx vlzke s el A% F34e] 745
pHE 282 7HiHAL HojFe] Fel 9} Fe' of atn
o} Aprh ofokAd AArE Aol B4 sbsAL By
o). 2k B4k WG zpAIEE A ARS Table 33+ 7
th. A shae) 348 43 A3= Table 4049}
o] $-2lgel HF Freke] 350 ppmAEo]H Fe: 4.6
%, SO} 8+-2 747} 44%, 0.18% A = T = o} gJr}[16,
171.

3-2. oflujuf et AE
Table 3ol vtebd 713 o] BA} &34 Al 25H
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Table 3. Chemical analysis and preliminary culture of mine waters

Chemical analysis(mg/m/)

» Preliminary culture

Mine pH Fe?* Fe** 9K Leathen M STS.
Bosung 1 6.93 1.54X10°3 2.14X10°° - - - -
2 5.15 1.03X1072 4.28X1075 - - - —
3 4.80 1.07X1073 3.64X10°° - - - +
Ilkwang 1 2.84 8501072 9.00x 1072 + + + +
2 2.83 840X1072 780X 1072 + + + +
Dalsung 1 4.22 200X10°* 200X10°¢ + + + +
2 4.53 9.00x107* 500X1074 + + + +
Table 4. Composition of uranium ore(g/g) 3 -
Components Content g 1010 E
U0, 350 ppm g 8
Molybdenium 0.09 % 5 s &
Vanadium 0.7 % § =
SiO, 480 % ] g
P205 07 % § 108 43.0
Fe 46 % o
SO, 44 % E 107 aus
Sulfur 018 % & N
COs 02 % 2 &
Composition H,0 16 % 2 106 2.0
Carbon about 400 % ’E
& 0 L 1 1 | 105 dr.s
0 2 4 6 8 10
ﬁ—%a" 7}‘]%‘4} 34_04 3‘]——‘1 1}7} o3 OJ:/H }"“‘{7_'9*‘ —;‘L—-XH% Incubation time, day
A 5 gldornz G 2 s} i A Fig. 2. Changes in total Fe(C), Fe'* (2), cell number((1)
AHste] AUso] HAlsle AF = 4832 zlzg-o)] and pH(M) in 9 K medium during incubation.
Fgake AT ETAARE FHe7) A Aul
Ag-E AlA skt Aol 7t v ko) g on) Table 5. Comparison of the maximum specific growth rate

ok Ay A2 e 9K, Leathen ¥ M v okel ol o &
A8 AL AT F UKL, Fig 204 25
W} 2-3ell FA3 F7lste] 4-6UA FA g7 Ho
10%-10 cells/m/el] =23l UL &
5dutel] 79| ArztEe o = k. wikd el wpE
s o] pH W3l v ol ulebx pH7} FH4s)
= ole bt 2e Wk AAEQl sibke] o3

02 ¥ 4

alek.

u) Fe?*7} 4-

. iz‘ﬂ] %’5} 4FCSO4 + 2H2804 + 02 - 2FQ”,(SO4)3

+2H,0

* 7]'_/?‘%3“ 2Fez ( SO4)3 + 12H20_“> 4Fe(()H) 3
+6H,S0,

aj ool

e ol

213 ol we} F Hol2x
o] Jarosite[H{Fe(S0,),-Fe(OH);} ]

=7} gasts 4

Z Z2AEE Fetre] AAAA 18] 7]esl= Ao

ek 23U HE HLOE 3

A7 27e gal

g 4 9l

and the maximum cell numbers for 9 K, M, and
Leathen media

Media Maximum specific Maximum cell
growth rate(hr™?) number( X 10%)

9K 0.03796 102.0

M 0.01724 35.2

Leathen 0.00838 10.1

otk pH Wszt: ZAS SH2E 4 AT 5
giglom, Fe* o 81523 2 52) 2402 749
34 9% % Q2lch Table st A wopey

& 9181 9K M 3 Leathenw po)of 432] o} ]
A & Mt AAZA APRS) Y Fe-
FEIbEe GRS FA ) FH o) 2o vhehe
el Fm slom, e o9 BE YL 9KND
Ae ol gaisich

HWAHAK KONGHAK Vol 30, No. 2, April, 1992



186 ol &F-oldd -4 A

Table 6. Physiological characteristics of isolated bacteria

~_Media Identification media
Specific and
mine water 1 I III v

\
F. ferrooxidans - + - +
F. sulfooxidans + + + + +
T. ferrooxidans - + + + +
T. thiooxidans — - + + -
Ilkwang 1 - + + + +
2 - + + + o+
Dalsung 1-A - + + + +
1-B + - + + —
4100
- 0.04 F —
- » -
¢ 0,035t Jo 7 ]t
2 t 3
= 4 3
$ 0.03 | . 8
3 Hso0 © -
) -
g o0.025f 8 4h0° ¥
i 5| 8
v 440 « <
8 0.02 T i
- o -
5 % S
5 0.015 | 420 ~ 4408
; 'l A 1 A 'l
1.5 2.0 2.5 3.0 3.5
pH

Fig. 3. Effect of pH on the maximum specific growth rate,
cell number(®), and the oxidation of ferrous iron.

3-3. AEMFS 2el-SHn Mot

A7 ¥ ¥ 4L Y3t 9K ko] oy,
Ao}t % Fe agar?} S.T.S. agar wix]o] HEZ
A7 93 AHs A5 Fe agarol 32He sl
21} STS. agar wWixlol| A= Ae FAe) & ==
ko A AUSE vl E Fe agar®ch= STS.
agargl®] A% &to2 F F5H9] colonyE & & 3l
gk £582 %9 colonyE-3 Bergey's manual®} ¥y
ol wd2} Corrick - v oFl (9]¢l 33] A< v k3t A3t
06-1.0X1.0-1.5u A= 7AH 22 Table 604 2=
ule} o] A} F3 Aol A el FF= Corrick
A el 1L 1L IV " Vel A ZA18led 5, Tl A=
PAEHA] o= 71 o2 Hol Fe?~ ¢} 3318 & thiosul-
fate®] Aksl5-o) 9l Thicbacillus ferrooxidans = F3 3%
F A9z, 24 Auge 4= 43 TF Ao
2|3l #FFal Thiobacillus ferrooxidans(24 1-A) =+
EA ek [ Iz IVelldul ZA8ka 119} Vel A=
A Ara}A] 923 3 9 thiosulfateh-S Aks}slh= Thiobaci-
llus thiooxidans(2A 1-B)& TR 5 dgich

31528 30 H25 199244 48

12 1ottt

1010

o
o

Cell number, cells/ml

Q0 250 ml/min
A 100

O s0
@ shake flask

Ferric iron concentration, g/1
o
o

1 1

Incubation time, day

Fig. 4. Effect of air flow rate on the cell growth(——) and
the oxidation of ferrous iron(---) in agitated reac-
tor.
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Fig. 5. Changes in Fe’*(2), cell number(C]) and uranium
leached(C) for UO, reagent in shake flask leach-
ing, Fe'*(a) and UOy(®) in blank.
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Fig. 6. Changes in total Fe(®), Fe’*(»), cell number((7)
and uranium leached(O) for uranium ore in shake
flask leaching.
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Fig. 7. Changes in total Fe(®), Fe’**(2), cell number((1),
and uranium leached(Q) for uranium ore in agita-
ted reactor leaching.
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Uranium leached from uranium ore, pg/ml
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4 ,d/ 4 A shake flask leaching
P ,’ ©® O agitated reactor
0.2 O X 1.0
. v
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-
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Fig. 8. Comparison of the leaching rate of uranium be-
tween shake flask and agitated reactor leaching.

3-4-2, ¥+ % (agitated reactor leaching)
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