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Countercurrent Reduction of Iron Ore Particles by Fluidized
Rotary Bed with Drum Type Reactors
Kazuhiko KOBAYASHI and Tanckazu SOMA
Synopsis :

Fine iron ore particles were countercurrently reduced with hydrogen gas at 750°C by fluidized rotary
bed in order to pursue the potentiality of the fluidized bed process in direct reduction processes.

As the fluidized rotary bed is established only by balancing centrifugal force applied to the ore particles
with gravity, it is independent of gas flow rate. Therefore, countercurrent operation of ore and gas can
be easily obtained.

In this experiment, three kinds of reactor (i.e. drum type reactor, conical type reactor, L/D reactor)
were used for the purpose of obtainning basic data. Gas utilization coefficient attained with these reactors
increases with the increase of stage number or L[D value and exceeds equilibrium value (F ¢/FeQ) even
if in high fractional reduction, which means countercurrent reduction should be established.

Thus, for the purpose of evaluation of this effect, mixing behavior of ore particles was studied by impulse
response method in the cold state. Obtained internal age distribution curve has a tendency of shifting
from complete mixing flow to plug flow with the increase of the stage number or L/D value, which results

coincide with the estimation inferred from the countercurrent reduction test.
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Table 1. Chemical compositions of MBR ore.

(Xo: Combined oxygen with Fe)

Component T. Fe FeO SiO, Al,O; CaO MgO S P Mn Moist. C.W Xo
‘fv'l (%) 67.97 0.32 0. 60 0.79 0.05 0.03 0. 003 0. 042 0.19 5.5 0.78 29.17
520 V:‘?V\‘\< , g&ﬁmﬁ@%ﬁ%ﬁﬂﬁﬂ% ba=h /l/’;ﬁtivc
50 Tt 1 Ba=n W RIEBERLTWA. 2= A0

- DA ¥

449 15,23 15 449

S 0 )

a) Drum type reactor
b) Conical type reactor
c) L/D type reactor

Fig. 1. Three kinds of reactors used for
experimentation.
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Table 2. Critical revolution speed for L/D

reactors.
L/D 0.4 0.8 .7 2.9
C.R.S (rpm) 149 166 189 206
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1. Ore hopper 2. Ore measuring tube 3. Housing 4. Reactor
5. Heater 6. Reduced ore reservoir 7. Motor 8. H;O vapor
condenser 9. Silica gel 10. Gas flow meter 11. Force con-
ducting chain 12, Jack 13. Thermocouple 14. Controller
Fig. 2. Experimental apparatus for counterccurrent
reduction.
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Fig. 3. Behavior of gas utilization coefficient
observed.
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Fig. 4. Dependence of the number of stage on
gas utilization coefficient.
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Fig. 5. Dependence of the number of stage on
fractional reduction and hold up of ore.
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Fig. 7. Dependence of the number of stage on
gas utilization coefficient.

7y 7H100g 2k 200g BEFCTCERELTWSC L
HEZAbEDLE, A=A FT7 .y ORI 5 Fi
BRHED LR €, SBRILCHES KSRy,
HAFARLRR E LD EHE IR S, o2, SIRE
Rt & A OIS ERRARR LD Ta = H LI
BEx e AFIRBCRETHEOR BT E o
oo LU OFBRIIE & 7 ADBEMSHREL ZD 5 1o
DITITETH B EE LT 5.

C. L/D Rt

FIRE RO 2 = » VRGO IR DI R 1% 65 mm
¢ x50mm % AL LT R LA, ZoORRAEKER
BILCRER S ONE»ORBEIZREH CH oD T,
REREE L THERTORE D T 5RE L o
e L/D % 4 BEE 2T, ARELCRETEELYRS
L.

Fig. 8 |2l 750°C, K#EFE 2 Nl/min, {g5EE
2, 4, 6g/min ‘© L/D % 0.4, 0.8, 1.7, 2.9 O
BEERAL, AMETHICRIE LEE»y AFIARYE
LTWw5. #EEE, 2, 4, 6g/min WTFhoBAR
%, L/D 7% 0.4, 0.8, 1.7, 2.9 L3 picbbLy, S
A AR R RS TR L ELE D, 1ZISES
B #inL T 5.

C, FEFLEEN 4g/min ROY 6g/min TiX, &G
it 40~55% DOEHEICH DD TH AFIHEN: Fe/FeO
EDOFEEERB L THAARBE TRV, LrL, BEHE
B2 2g/min Tk, BIGEIR 70~85% oOHHEHI DD
DT, SEEFRMKIGRTECL oK, FROEAD
BhARLRENDTF V7 e —fleTh b &2
Ry, FAFERN Fe/FeO DPEEERXB2Z5

— 55 —



764 CE

72 4£ (1986) 75

1.0

0.8 MBR

0-6 |

‘[ o ~ 2g/min
0.2 FEquilibrium value

Gas utilization coefficient (-)

O-fp 0}8‘ 1-;/ 2-‘?

0 1 2 3
L/D ()
Fig. 8. Dependence of L/D value on gas
utilization coefficient.

0

200 ‘E\\
- g\

Hold up of ore (g)

(0408 17| 29
o 1z 3
LID ()

Fig. 9. Dependence of L/D value
on hold up of ore.

LRBHTE . BIb, L/D g 1 BRIG 8% C
BAELbLT LB EOMELZEL TS0 L
Erxbhs.

Fig. 9 13, Fig. 8 CEHEHEENLFELHDOHR—LFT »
FERLTCWS. L/D OB EaDO R -1 F 7

y TRBHTHEACDHD. B L/D x5 L8A

OFEEERERIIBA T3 00 ¥ AFIERIERF LT
ERELTROBHE T 2 b PEELBL 2EALRL, |
HHENBEbh TV AD LHEEEIND. &R L/D O
K EHRRIGBTREBETH AL rbLTRELEIGY

1 B EC#fTSeE 5 2 LR S hi.
3. NTFHHENEDHRAERR

ER TR T, BRSO LB F itk Rmow
REMEL L2 D L TLEY EOBRBTRIEH H#ITL T
WHLO EEUMI T AFIHRL Y HEIh D, H
BRI . F2T, COEEBELMARTE LD,
PRI CEH Ui & BRSO\ CER Ch TR
i A & JIE Uiz,

31 EREE

RIGBADEANFORARA LTS 70, a2—1
FEFATA VAN ARBEYIC X b B REED % 3
ELl. TZTRAVIRFRELEEND P v—y K
FONNEEBSE LB LD LD, ~LZ7RFELTC< S
3 7%, bUr—p—RTFELTI=7% 21+ &FEH
Lic. BBRAFRBRTER CER Licgia ok (0.71
~1.00mm) R L. =7% %4 FORNIBE
3% 2.5g/em® T, = AT O BHTEERMS 1.8
g/cmd Chotz. = 7R x4 P EFHARTTABTIRR
LT, = 7Rk T RFRCIZITE AR L T,

BERIARRLTCEA L D LBERLTHS.
RYLEDORBIICE = Lk — AFT D T CTEDE
A DHEH XM AR F A ER - — B L
T, Bl & h - FEELY —ERMECHETES X )
AR .

3.2 RRAE

RS w R EERCHRE, ~ /2 v THTE—8
B —E BT O Ui, RERBIIAEE < EIRET
CEHS S TR ERIh L0 T, =72 v TR
Tkt Shin W EZROETI VB 5 BERIREA
CEERIhD L, —D~ 7% v 7RTFIEIREH Dk
HBIR5I5CKD, DWW~ 737 ORIEE &
HHEEN R IT—R LERCLS. T0BRIFR~< 7%
v 7 OB ERT CEBRBIMRESh TWb o &+
DR LItk ~ 72 v T7RFORbYR V- —&
LCEARE= 75 24 PRTE—ERFEALL. £D
Biz~< 72 v 7 RFET R —EREEC—ERETORA
L. FPLr—v—RFO=r%221 b 2BALLEEN,
SEEH Lok % Smin B ceagyr v L, v
A= 7324 PN EA LB IR b T,
REEABET fo. EREERNI b L —y —RTFEA, b
~3h ThHot.

ZHVIAREENR 224 VRTFRT 2 BB
L, FOEEBREWE) %RD, RIRLE(4)RXD
W oESo B E@) 2iELE.

— 56 —

9



&

SIRAREREEBC L IBSEROET 765

W (o) L
ZW(t) T [ —in 2 BELIRLEELY) (4)
T C dt=5min TH 5.
Fe(5)RL v, ARESIMBEEAHE L.

I(t)=1—ﬁt E(x)dx [—] eeeereereeeereeannen(5)

3-3 RRER

Fig. 10 3#RBONERE LT, Ex Aht 1
~4 BYSCRREL R IS AC 3 b R N S A B R R
RT. BT 0<6<1 T I(0)=1, 6=1.0 ¢ I
(D=0 #RLI—HBERI, EROWhNLTS YV 7 »
—DBADOHHBAREEL T h, EHEIZ OB
OB, 7777 e —flcBHEIR TS L%
BRLTWS., BRIEEAROHINELESDEFEDON

E(t)=

~ 10 .

O \. -— Plug flow

9

g 0-8 \\

s -o-1stage

= 06 . =°- 2stages

-2 l -o- 3 stages

S -

3 o 4stages

o

) 0-4f Complete

g mixing flow

g

g 02 l AR~

£ Drum : \\;o\\.'"K
0 l AN

0 1.0 2-0

Time ()
Fig. 10. Internal age distribution function
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