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Countercurrent Reduction of Powder Ore in a Drum-type

Rotary Fluidized Bed

Masayoshi AMATATSU, Yasushi TARKAMOTO, and Tanckazu SOMA

Synopsis :

In order to increase the gas utilization coefficient and to prohibit the sintering phenomena in fluidized
bed, the experiments of the countercurrent reduction of powder ore with CO gas in a drum-type rotary
fluidized bed at the temperature of 900°C and 750°Ci were carried out.

In a modelling vessel (diameter : 30 cm), the rotary fluidized state could be obtained on the conditions
that the filling ratio of powder ore was in the range of 30 to 50%, and the dimensionless rotary speed (F)

was 1.0 to 1.2.

The motion of powder ore in the drum-type rotary fluidized bed was seemed to be a completely mixing
state. The gas utilization coefficient was maximum under the condition that F was 1.0, and it could be
increased up to the stoichiometric equilibrium concentration for the reduction of ore. The results of a
mathematical calculation on dimensionless numbers (G¢ and Ot) for countercurrent reduction based on
the three-interface model were in good agreement with observed data.
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Table 1. Chemical composition of iron ore (wt?%).

T.Fe | FeO SiO, } MgO CaO ‘ ALO;, S C.W. | Moist. O
62.3 | 0.07 5.54 l 0.05 0.03 ‘ 2.90 0.001 2.0 \ 3.9 2.8

O* : Combined oxygen with iron, ~Mt. Newman (Dp; 0.71-1.00 mm)
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Fig. 1. Experimental apparatus for countercurrent
reduction in a drum-type rotary fluidized
bed.
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Fig. 2. Balance between centrifugal force and
gravity.
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Photo. 1. Motion of alumina particles (Dy=2mm) in a cold model of the drum-type

rotary fluidized bed.
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Fig. 3. Relation between filling ratio and
dimensionless revolution.
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Fig. 4. Relation between residual fraction C of
tracer in reactor and time.
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Fig. 5. Dependency of utilization coefficient at the

steady state on dimensionless revolution.
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Table 2. Rate constants K;, F; and equilibrium concentration C; for countercurrent reduction
in a drum-type royary fluidized bed (CO gas).

Rate constants Equilibrium conc.
Temp. (°C)
» Ky Km(=Kh) Fw(sz=Fh) Cy Cn Ch
900 0.030 0.012 0.15 0.318 0.787 1.0
750 0.015 0.005 0.15 0.377 ! 0.673 1.0
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Fig. 6. Simulation of flow in a drum type
reactor.
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E Table 3. Results of experimental data.
4 W, 0} M U, R Ge Ot Bo Temp. 0
Exp. No. 3 . S s o 4
: P J0 ) (g/min) | (NYmin) | (g) | (=) | (=) | (=) | (=) | (=) | O | O
- 1 11.4 2.13 126.7 | 0.472 | 0.235 1.73 0.288 | 2.00
2 5.53 2.14 105.2 | 0.309 | 0.319 1.43 0.492 | 0.968
3 5.93 1.01 114.6 | 0.491 0.223 | 3.31 0.500 | 2.21
4 2.77 1.07 1 101.0| 0.331 0.341 2.75 0.944 | 0.971 2.9
5 5.51 4.29 110.9 | 0.240 | 0.498 | 0.753 | 0.510 | 0.492
6 2.64 2.16 109.3 | 0.289 | 0.630 1.47 1.07 0.458 900
: 7 6.41 3.28 115.5| 0.288 | 0.393 1.03 0.466 | 0.737
%‘ 8* 5.48 2.36 212.4 | 0.305| 0.349 | 2.62 1.00 0.873
9 1.01 4.58 127.6 | 0.075 | 0.908 | 0.812 | 3.27 0.083 1.1
2 10%** 2.48 2.23 67.4 | 0.225 | 0.601 0.881 0.704 | 0.417 :
i 11%%* 1.00 4.44 ' 67.4 | 0.075{ 0.893 | 0.442 1.74 0.085
F 12 5.29 2.09 137.4 | 0.321 0.355 | 0.768 | 0.269 | 0.952
] 13 5.56 3.96 145.3 | 0.229 | 0.436 | 0.428 | 0.271 | 0.526 750 1.1
' 14 2.88 6.00 128.4 1 0.120 | 0.665 | 0.245| 0.460 | 0.178 '
4 15 1.33 3.07 106.5| 0.143 | 0.882 | 0.404 | 0.828 | 0.163
&
*) Reactor length is 100 mm,  **) Reactor length is 25mm, the other’s length is 50 mm
1.0 1.0
l : \
\ Hematite . Hemathe
F 900°C - 4\ 750°C
CO \ CcO
Fluidized bed Fluidized bed
( 1stage) (1stage)
'“E © Observed :':2 ° Observed
dé 4 Calcutated § a Calculated
5 s
§ ;g LTSI
= == = 5 T N — 9
E e g > e
e SN L0 o
N < \5‘\\ A O\
<\% - A‘fe \\
,,_—-'4\\ \ = "‘/1_\‘ f\“<_
0.6 08 1.0 ) . 06 08 10

Reduction degree (-) Reduction degree (-)

Fig. 7. Utilization diagram for countercurrent Fig. 8. Utilization diagram for countercurrent

reduction in a drum-type rotary flu—
idized bed.
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HL T2, BEIERNMENHHE CIRFHEERHE X
BNEEZR LTS, ZHEKISCES T 5 8AERE
SOTETER BURE) o 14.8% XvB vz L hbHh
ETRIAR T OEFCIIEERE S5 /7 v — DR
DEELTWB LEL DA, AT, BRAEE
MERBC R\ CRIGRIGCE S35 ER oA RS L O
H AR DO CTEENCIIRD D 2 E23C & fo D
7o, BHRZNEERR B X % B LA O A RR TG CURBERS
B oRAER P ¥l AFIAEO R b EH O
PHHER E CTHRETH B & LB bR,

4. 5

FOSE O REMMCEER (25mm) X h KX VHR
BoR)EH (P88 : 65mm, KX :50mm) *FORIG
e 1~3° A L CERER X85 5k, Wb hEE
MEEEFEBB I W THERD CO  # AR L5 e
TEBRE L ORIGEAON TEENCEIT 5K B % 17 2
7z,

(1) SR mEmE) g N oBRiia, FTEEHS 30
~50%, JERTCEEEED 1.0~1.2 0 & X RIFAxEE
MEPRREZ R L, EEFREBIIEEEERBARETHY
FRLERPARERX B L N TE 1.

(2) RIS DEH 7 A FI A48k T R
1.0 (EAMEE) CHRAEEZR L.

(3) —B—Z oI EEEREE OR TR E—
REBORIG, TiebbliiafFiiiEEaBaiee
ChHBLTENIZIFHE—THH EHE L.

(4) BHRBEEREBCRTLBEED CO »A
BIRIG CEBEEBRSORER Vi LB LU HFAF
FAR oA L MbFEROTHHEKR E CRgich b o ot
Behte. ARG OFHE CRRIERIGICE 5%
FBPEIHNOBBERCE L& LT, FRELKIG
DI|RITCH E RD Tz, 2 BOFHEEIXIZIEHAME & —
B+ HIEREEL.

il

G 5

A BYE O REERE (cm?)
Bo : FRFE L (=)
C,Co: ML XITHMtICHT S P -y —RE

(=)
Cst: £RTEEO T CO, REE (=)
Cy:BAano CO, i (=)
D; : RIETCERFE D & APRHE LK (g/cm- min)
D, : 47 O FHIREE (cm)

Dy : HAB RIS S OEE (cm)
Ei: £RTERBOAERISICHN T 5 R FAILE
DFELEE ' (=)
F, f : g 50 5% (rpm, rps)
g '\ hHomsE (980 cm /s2)
Ge = IR IT 7 A B fil e (=)
K (b2 FGEEE K (g/cm?- min)
K;: @ TEBOERISHEEH (g/cm?- min)
M: IS5 T 5 FOBER (g)
m B E DR
Ot < 4R ToAb 85 75 1 oE 5 1] (=)
Q:BEHARE (cm3/ min)
v EERRENE RS B0 R E (cm)
ot MR O {cm)
R : BoYigETx (=)
Ry HEBTEBOETE (=)
R : EBETEBOEKETE (=)
Ry: AMBTICK T 5 EHETLE ()
VR R T AEERR ( min)
Ly : SHITH T 5 %0 OB ('min)
Us D MFETICER T 5 EH A AR AR (-)
Vot EIL S S O AT HE (cm/ min)
W: RIE®OMEAKER (g)
Wt ¥ 8kE o % A BE (g/ min)
X MUE R OKEMERE (=)
X @A A (CO) BiE (-)
po DL D EE (3.8g /cm?)
T L RERE DR (min)
o HEE (rad/s)
VAV SV

i(=h, m, w): ~=&A4}, =/ XEL P RIOY
ARA b DOEITLEE
X [
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