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Circulation and Reduction Behavior of Iron Ore in Circulating
Fluidized Bed
Masahiko SATO, Hiroshi ITAYA and Seiji TAGUCHI
Synopsis : v

The circulation and reduction behavior of iron ores in a circulating fluidized bed prereduction furnace
were studied under hot and cold experimental conditions as a part of fundamental study for the development

of a smelting reduction process.
as the circulation materials.
the cold experiments.

Three kinds of ore with different particle size and silica sand were used
The circulation rate of ore was controlled to keep a constant solid hold up in
On the other hand, for the case of hot experiments the circulation rate of ore was

not controlled and the solid hold-up was kept constant by supplying a small amount of ore to compensate the

dust loss. The results obtained are as follows :

1) The circulation rate of iron ore increased as the particle size decreased and the average solid hold-up
in the riser increased. The circulation rate also increased as the gas velocity in the riser increased.
2) The gas velocity and solid hold-up were considered to affect the carrying over of particles as the

driving force and the probability, respectively.

The ore circulation rate, Gs, was proportional to the pro-

duct of Fr number and the average solid hold-up (1-¢) in the riser.
3) The rate controlling step in the reduction of very fine ore was considered to be chemical reaction. On
the other hand, the reduction of larger ore was affected by both chemical reaction and diffusion in the

particles.

Key words : circulating fluidized bed; iron ore; prereduction; circulation rate of ore; smelting reduction;

reduction.

1. # B

BIFE, BYIRELA & Ak O E R AV BE 7 SRR T 7
0 2 DFFERRE IS EE THIBCED LR T
5. BEBITT O 2BV TRBERETHFEY X £ B
W 72 B R BTG O T i R TT 2SR HLAL O R R R A - A
NE—OHDFAOBE L, SRR LEREMTH 5.
BIRSA ORIATENE (BFB) c XA FHEITICELT
BEERD HE L OBWEV I0H B4, ThoH xR0
R DR F IR AT LB <, BB O F R HE b
HEgmA S L L, BRREELEFSE T 5EH
BILT 0t 2 TRBEERO L) B s SEICEA,
WEGEEOL WAL v P74 — FO L) B O

HCHER S B 3G H S BN D B,
TEBRENE (CFB) (3l ic X 2 AW EH, D Tk
&, BRATAMER TV FHER, RRRENEFA 7 —7%
ETEREYERTB Y 20I0ASTRIBIL Y. T,
HRAEE ISR FOROW L L #i, BREERE
L7 78t X TR T O %Ll E o 7 A FiE T
ES B 7= BATHIFE Y 72 ) OMBEET 258 W REE D
5. L L, Thi COMRBRTHEONERT AL
EOBWKRTTHOBIAD L) CEVKRTFIEA LA
BID" DA% <, BRILA ORTRR B K UEREITEEIZ D
WTARBHO S S SV, TEREEIR AR SR T DR
BREx BT H I L OB 4B IIEUHRIA OETIC
LEATEALEEILR, HEROTBBID bEH R

TRy 3411 B 6 St TR 44E 4 5 10 HEZH (Received on Nov. 6, 1991 ; Accepted on Apr. 10, 1992)
* |5 ESE (k) 2RSATFZEH (Iron & Steel Research Laboratories, Kawasaki Steel Corp., 1 Kawasaki-cho Chuo-ku Chiba 260)
*2 i[5 808k (M) SRSEMFZ2 T8 (Iron & Steel Research Laboratories, Kawasaki Steel Corp.)

—312—



TERAEE 2B 5T OWRE L EITLEE) 1267

METHRIECTE D OEERR EOTRM S 5 5.
AETIEMETL 70 AFMEO—RE L TERZE
BUROERABRE 1< & 0 A0 DR FHRREB S X UE
TEBZ OV TRE LR IC2WTHRET 5.

2. WFREIREDICET 5i%5

2'1 EBREBHIUERSE

TEER LB S 5 R A E BRI B OBENE % Fig. 1 (R,
S 1 EDIE U R TR 140 mmg, 7 5600 mm O
BRAREK (F4¥—), ¥F9 13 —BIFIFLHF—1C
WP *RTHTEREBLZS YA 70y, 707 —,
HAEAES SR END. T7-, TEERITENS M FEER
EEBEOME % Fig. 2 12773, NKIEE X 81 mmé & 105
mm¢ O 2HEHT, WFNRLEHEH L 1100 mm DR T~
LABITH B, NFOMELEREIERF MR O 3 B
DYRARYy T arTLe—F—TFhbtsh. T/, EH
AP EIICR TRy = 74—~ LKLV ER
fiAg L, RURETHOBEHE X D 30~60 FHRHiFE Rk
B E T HEL LTH 5.

Off gas

—
I Ore hopper

E Fluidized
8 bed
?} (Riser)
ks comer
Circulating
1409 | apparatus

Fluidizing gas

FFERERB L ORITERICHER L 2208k#ia & 3
WoILER Sy, FHRFEE Table 1 12, FKESh %
Fig. 3 IR ¥. WTHERERICIIAYY 4 FREA A,
CBIXUSZ A5 4 b-~v¥ 14 NRHF B, %A
DOHEOBEWEMYFRH L. GHBLURBERET
DR FIEBREERD M % Table 2 12787, B HEERT
B n v — R R TRIE, T A — I EROZER
EEEEALIAY—NOGAVFEIEOHERL 25
LR THEREBEORB VA B+ HE LA TBRLYE

Hopper

Feeder

Off gas

Cyclone

Pre—
heater

Reactor tube

(81 ,1054)

Electric 5

furnace =] Thermocouple
Gas Y

o

dlstrlbu'ter Discharge

Reduction —- pipe

gas
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Fig. 1. Cold model of circulating fluidized bed. Fig. 3. Particle size distribution of raw ore.
Table 1. Properties of raw ore.
Chemical composition (%) Mean size™® Density

T-Fe FeO Si0, Aly03 Ca0 C.W. dp (¢m) da (#m) £, (kg/m®)
Ore A 67.90 0.10 0.74 0.75 0.027 0.51 30 45 5180
Ore B 66.00 7.86 4.90 0.18 0.42 0.09 141 229 4970
Ore C 61.76 0.03 6.25 3.08 0.07 1.88 162 586 4610
Ore D 67.95 0.20 1.11 0.76 0.07 0.60 101 518 5250
Silica sand — — 94.3 2.56 0.20 — 85 101 2680

*dp : Harmonic mean diameter da : Arithmetic mean diameter
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Fig. 4. Influence of gas velocity on circulation
rate of ore (cold ore A).
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Fig. 8. Vertical distribution of voidage in riser.
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Table 3. Experimental conditions of batch reduction.

Ore A B C
Mean particle diameter (dp)(xm) 30 141 162
Reduction temperature (°C) 700,750,800 700,800 700,800
Gas composition 20:40: 40 20 : 40 : 40 20 :40: 40
(H2:CO:N3) (%) 0:75:25
Gas flow rate ( V)(Nl/min) 60~133 90~300 90~300
Ore hold up ( W)(kg) 6.0 3.5,6.0 3.5
Reduction gas flow rate/ore 6.0~13.3 13.3~51.4 42.9
weight (V/ W) NI/ (min-kg)
Riser diameter Dt (mm) 105 81 81
Table 4. Experimental conditions of continuous reduction.
Ore A B C D
Mean particle diameter (dp)(xm) 30 141 162 101
Reduction temperature (°C) 700,750 700,750,800 800 800
Gas composition 20:40:40:0 20:40:40:0 20:40:40:0 20:40:40:0
(Hz: CO:Ny:COz) (%) 20:34:40:6 20:34:40:6 0:50:44:6
20:28:40:12 20:28:40:12 0:30:40:30
Gas flow rate ( V)(NI/min) 90 150~300 250 250
Ore hold up ( W) (kg) 6.0 0.88~7.0 0.88~7.0 1.75~7.0
Ore feed rate (F) X 1073 (kg/min) 58~117 36—71 36~71 36~71
Ore discharge rate X 1_0_3 (kg/min) 50~ 100 28~58 29~58 29~58
Mean residence time (§)(h) 1~2 0.5~2.0 0.5~2.0 0.5~2.0
Reduction gas consumption 0.46~0.93 2.11~5.0 2.11~4.16 2.11~4.16
(V/F)x10° (NV/kg) :
100 H,:CO:N,=20:40:40
Ore A ]
gol MzOON.=20:40:40 100p V/W=42.9 Nif(min - kg)
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Fig. 9. Influence of temperature on reduction Reduction time (min)
degree. Fig. 10. Influence of kind of ore on reduction
degree.
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Fig. 12. Influence of reducing gas consumption on

reduction degree.
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Fig. 16. Temperature dependence of reaction rate
constant.
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