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Abstract — A new ore processing is developed based on the mineralogical study of Korean low-grade
uranium ore discussed in part I.
The mean residence time of solid particles in a fluidized bed salt-roaster could ve increased about 30
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minutes as a result of granule formation by agglomeration and growth of fines ( d, <0.097 cm) with molten
salt of 10% as binding liquid. In this case the carbon removal efficiency from uranium ore was about 95%
and then the temperature of the roaster could be sustained at 850°C, which is optimum to separate valuable
materials such as uranium, vanadivm, and molybdenum from the roasted ore, with low grade uranium bearing
graphitic coal ore. The heating value was found about 1,900 Kcal/Kg of ore.

When compared with conventional processes, the new fluidized salt roasting process is proven as one of
the most efficient ore processing technique in aspects of improved leaching and solid-liquid separation effi-
ciency as well as simultaneous recovery of uranium with valuable by-products such as vanadium and moly-

bdenum in low-grade ores.
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Table 1. Differential analysis.

mesh wt. %
24 /50 32.10
50 / 100 31.51
100 / 140 9,02
140/ 170 34
-170 29.93
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Wl Frletast daslol WA she AbA wbd b
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Table 2. Physical properties of the ore.

1,000-1, 100C | Heating Microscope
1, 100-1, 150C

sintering range

softening temp. (Leitz, Germany)

hemisphere temp. 1,300C
heating value 1, 800- 2,000 PARR 1241 Automatic
Kcal/kg Adiabatic Calorimeter
ignition temp. 710C Automatic Derivative
ignition loss 24.12% Differential Thermo-
balance
(TRDA3-H, Chyo
Balance Co.)

isoelectric point pH 6
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Table 3. Chemical analysis.

component wt %
U0, 0.038
V.0, 0. 450
MoO, 0.072
Si0, 47. 200
Al O, 9. 140
FeO 3.620
Ca0 5. 020
BaO 1. 270
S 2.020
organic carbon 24. 000
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1. Compressor 2. Flow meter

3. Secondary air 4. Vibration discharger
5. Pressure tap 6. Thermocouple

7. Roaster 8. Vibration feeder

9. Hopper (feed) 10. Hopper (inert)

11. Cyclone 12. Condensor

13. Gas scrubber 14. Storage tank

15. Circulating pump
Fig.1. Flow sheet: Fluidized salt roaster ope-—
ration.

Vanadate 3£ o —wiaAlol of (NaCh 3 33
o vhtE o kg dbSete dgke] folo] &
4 o] =L sodium uranyl vanadate7} & A = o},
ol 7t ub-goll o3lod NavVO, ot £84 ¢ febw
2.3} 4] (insoluble uranium complex) & =t} (7). e}
A o) E A 37] Ak wALEE Fstdol §)
v sevelelr  #E - Eeld FetEFE (0
meta-uranocircite (BaQ-2UQ; - P,0; -8H,0), tober-
nite (CuQ-2UQ, -P,0,-8H,0) % autonite (Ca0-2UQ,
-P.0,-8H,0) ¢} #+& 4313 phosphate F&2 vj4
29 dAe TAE op7l=R B%

$etE FEWY sivEol A 3’3‘%7‘5}
ofzl A als Fg=iAle wkAlat YubA
Alstatel 2 ke & Qloh ol Ab4L EAStol A
& -4 kgl ¢ 5hed

2,0+ (2-
X

> %) 0, +2NaCl+H,0—2NaVO0,

+2HCI (1)

HWAHAK KONGHAK Vol. 24, No. 1, February 1986



66 A4 9

o o] ok

FehE A febwel AsdgEe 2 44
1)z S ol i 7oA E7) %9
AbLoh A4 FEslo] A Selwe 67t
Ab3}slo] sodium uranate® A How Azs

$ 51

2 udlF2 s Abstslo] iz} v}

MoO; +2NaCl+H,0— Na,MoQ, + 2HCI (2)

o zto] H} ole} L i8S sl g
2 A AYAF} ol Y F A-ujs
=& 424 @5C) 3087 2 e vhtF
el udl ol F3 50%° M} %

900°C o] oA H
£8e o)fv FEW Ca T2 silicatedt uH-g-3}
Av F2H4 £l sle] Lol e 24
2 2 3Er) wFq Aoz &gt}

4-2. HLRES S5 Y TDH

A8 Aol G HEFES} 2k AY
Az e

Un,—=1.667X107* (d,)"** (”—“‘;i")—g (3)
o 2 #AE Q3deh 293 Fig. 2ol vhebd o}

9} o] TDH (transport disengaging height) &= %
ol g WA 6. 7cm) o ef15uo] Antalu e X

ATolM e o] Mt o7k £& 135emE w42 9
xolz stk
C]
g
£
o (25cm/sec)
5
(21cm/sec)
10 15 20 25

Freeboard height (H/Dt)
Fig. 2. Effect of freeboard on entrainment.

SIEBS M24 T M1S 198641 2

A y

1.0 2.0 3.0
Dimensionless time (8)
Fig. 3. Comparison of theoretical C-curve with

experimental data.
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Fig. 4. Granule size distribution by agglomera~
tion.
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Fig.5. Choking-up phenomena after the rapid
growth of fines(bottom view).
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Table 4. Characteristics of particle size distribution after salt roasting.

Air velocity at 20C (cm / sec) 24. 938 23. 892 21. 450

Statistical mean size (dmean, mm) 0. 156 0.179 0.219

Median size (d=, mm) 0. 1275 0. 1452 0. 1720

Predominant size (dpr, mm) 0.1037 0. 1104 0. 1077

Uniformity factor (y) 1.8171 1.7513 1. 5169

Coefficient Variation(C. V.) 58.547 59. 783 64. 815
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Fig. 6. Elutriation velocity constant.
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£ o|§% phosphate?} &5 HEEho] Mo/U t (N-1)1 1 e
Table 5. Mean residence time and carbon removal efficiency of a size mixture in a fluidized
salt roaster.
Diameter of particles (mm) 0. 446 0.223 0.127 0.097 d,<0.097 Total Average
Total product {gr / min) 2.93 4.28 1.72 0. 56 4,72 14.21
Underflow (gr / min) 2.82 2.47 0.04 0.01 0.01 5.35
Residence time of size, dpi (min) 69. 52 40. 20 10. 17 6. 12 - = 30
carbon removal erficiency 0.99 0. 98 0.93 0.90 0.88 0.95

HWAHAK KONGHAK Vol. 24, No. 1, February 1986



70

Table 6. Leaching rate data.

L3
o)
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-r
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e
o

U0, V.0, M,0,
Leaching Time (t, min) 35 45 58 25 35 45 58 35 58
Conversion 0.81 0.83 0.8 | 0.78 0.83 0.8 0.88 80 87
t/zm 0.21 0.28 0.36 ] 0.19 0.25 0.33 0.42
7 w (min) 166 160 161 132 140 136 138
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Table 7. Chemical analysis of acid leach liquer.

Component ppm
U0, 352
V.0, 4,603
M,0, 540
Al 4,977
SiO, 14,213
PO, 1, 480
Cl 25, 880

e.m. f. (at pH 1.5) 780 - 800mV
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NOMENCLATURE
dp : Diameter of Solid particle, mm

Dt : Diameter of fluidized bed, mm
dpn @ Diameter of largest particle, mm
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der Predominant size, mm

E Elutriation velocity constant, min!

Ez Extraction coefficient

H Height of fluidized bed

k Boltzman’s constant, erg/°K

ke Reaction rate constant, cm/min

k, Mass transfer coefficient, cm/min

M, Outflow rate of solids, g/min

M. Carryover rate of solids by entrainment,
g/min

M, Feed rate of solids, g/min

p Cummulative weight percentage oversize,
%

R Radius of initial particle, mm

T, Radius of unreacted core, mm

S¢ . Stripping coefficient

T, : Characteristic temperature, °K

Uxs : Minimum fluidization velocity, cm/sec

Vo : Characteristic molar volume, em3 /mol

w Weight of solids in the bed, g

Y(dpi): Cummulative weight fraction

Greek Letters

Y Uniformity factor,

o Surface tension, dyne/cm

1 Complete conversion time, min
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