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Gasification and Reduction of Iron Ore Coated with Carbon by
Use of a Batch Type Fluidized Bed Reactor

Ryo WATANABE, Yoshifumi SHINOHARA, Takehiko ASHIE,

Mamoru ONODA and Kenji MORI

Synopsis :

A new combined process of residual oil thermal cracking and iron ore reduction is under development.
Fine iron ore is used as fluidized medium and is coated with petroleum coke in the thermal cracking

process.

The iron ore coated with the coke is fed to a fluidized—bed reactor where the coke is gasified

with steam and oxygen to produce reducing gas, and then the iron ore is reduced with the reducing gas

in another fluidized—bed reactor.

This paper summarizes experimental results of gasification and reduction by use of a batch type fluid-

ized-bed reactor.

Reducing gas with high hydrogen content was generated and sulfur in the petroleum coke was effec-

tively removed during gasification.

The iron ore coated with 4wt%, coke was rapidly reduced with hy-

drogen gas without occurence of sticking at a temperature of 900°C. The degree of reduction reached
95%, in 10 min at 850°C and a pressure of 5 kg/cm?.
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Fig. 2. Experimental apparatus for fluidized bed
gasification and reduction.
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Fig. 1. Flowsheet of KKI

process.
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Table 1. Physical and chemical properties of iron
ore coated with carbon.
C-14 C-16
Chemical composition (%)
T. Fe 59. 26 54, 65
FeO 22.13 22. 86
M. Fe 0.19 1.03
C 13. 98 16. 15
S 0. 87 1. 64
True density (g/cm?) 3.63 3.34
Bulk density (g/cm?) 1. 68 1.63
Size dlstnbuuon (%)
—149 pem 93.2
—74 pym 54.6
—44 pm 10. 4
Mean size (#m) 71 92
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Photo. 1. Microscopic cross-section of iron
ore coated with carbon.

100

Sample : C—16
Temp. : 900°C
H0/N, = 28.5/71.5

e 8ok
8 Pressure (Kg/em?G)
5 —o— 0
a 6o ~o— 1
E ~5— 3
- A
e 8 .~
(] -
8 -8
QS °¢%
O 20} ’0/0’
A 8
28
1 1

801

Degree of desulfurization (%)

Time {min)

Fig. 3. Effect of pressure on carbon consumption
and desulfurization at gasification.

BAXZHAVCCTEHLIRBENBIF CHE L D CRERE
B 16% wxtlL, 1.6% D@ WHESERLRL TS,
C-14 3PHBEAMBEREY BB {ey + 75V
PRI DOTAELTEORICADTHS. Photo. 1 1%
C-14 0BEYFERET, BEX 0 BEOHHH=—27 A
B X oCHERRNTAEEIRTEY, B¥iico=
— 7 ABPIBEREIhTW5.

HEREDH AL AT — A L BROBEF A LD

TV, RIGECOZE N AEE S 0cm/s & L.
O, BEOAERIGET X 5ER COBELE
R0 DREIEcREMEIREEDY 12 cm/s~25 cm/s DOEIPHIC
BOTZ N LEEINI:S © ThB. Fig. 3 iy
LB D RISED R RREEERE (7 2LEE) 3 X OB
MEECRIETEEL R LD THS. BRENEBR
FIOPRBERILTO X 5 CEHEL 1.

AA=<1—%¢~— . ,%;;> % 100

44 : REBEERS L BHHEE (%)

Ay ERABKRFDOCHL L XS DEFEK (%)

Ap + AP FIARDO CH LS DEER(%)

By, By : iR R X ORI O 28 (%)

CORNBbNS LA R, HAREE—~EDOLEME T T
ERNDERCHEST, BAIhDAF— 2B HML T
WHR I LT, FALEBIENOEERIZEA
EZiov. BEEEE T LA CETET, SBEM
TET LTS, 7AMLEBTEEZEROCT IR v+
ATRMITETOENZ2—BILHLERZD D, HBiRo
IO ETERT Skel/em?G BPEFETE Rl B T
ENBUTOF AEEBIL O EN T oo,

Fig. 4 o A LEE, BRHEEC s JETREQCHE

100 /";_a—-
Sample : C—14 0 o
Pressure : 5 Kg/cm?G
£ sol Gas ¢ H0/N,=50/50,
=~ (=}
c /
=
=
Q. 60}
E
3
w
c
8 4ol
§
§ Temperature {°C)
20 -0~ 850
~—— 900
0~ 950
A G
0 d/’é—"‘" I/A/a
R gl
e
9
s
N 60 o
-
2
]
8
T 40
—
1)
g
g 208 A o
o
c 1 1 1 L 1 1
[1] 10 20 30 40 50 60

Time {(min)

Fig. 4. Effect of temperature on carbon con-~
sumption and desulfurization at gasification.
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Table 2. Gas composition at gasification with 509 steam and 509 nitrogen.

. (?35 c%mpoiitilt;\> Gas cIiI)mfpv:)sitioxll7
Sample  Temp.(C) S il B co’ T éo, | cH, N, w, AN e,
C-14 850 30 5. 19 0.38 2.91 0.27 91. 08 58. 20 4. 26 32.63 3.03
& 40 5.35 0. 46 3.16 0.30 90. 64 57.14 - 4. 91 33.75 3.20
cu 2| dE rg osEoew o opn EM e UE iR
Co14 950 20 14.67  2.57 853  0.65 73.25 | 54.85 9. 61 380 2.43
30 10. 77 2.07 6. 77 0.44 79.81 53.35 10. 25 33.54 2.18
P. C. 850 20 3.75 1.44 1 12 0.39 93. 60 58. 56 17. 80 17. 49 6.09
30 5. 81 1. 99 2.10 0. 46 89. 64 56.07 19. 21 20. 27 4. 44
P.C. 900 50 10. 88 3.15 5.08 0. 59 80 30 56. 22 15, 99 25.78 2 99
60 9,04 2.49 4. 11 0. 55 83. 81 55. 83 15, 83 25, 38 3.40
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Fig. 5. Effect of oxygen addition on carbon
consumption and desulfurization at gasification.
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Fig. 7. Relationship between carbon content and
sulfur content of iron ore coated with carbon at
gasification.
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Fig. 6. Effect of oxygen addition on gas
composition at gasification.

Table 3. Physical and chemical properties of
iron ore coated with carbon.

C4 C5
Chemical composition (%)

T. Fe 64. 34 66.01
FeO 24, 37 26. 83
M. Fe 0. 05 . 0.18
C 4. 05 5. 82
S 0. 40 0.34

Mean size (gm) 70 49
True density (g/cm?) 4.20 4. 35
Bulk density (g/cm?) 1. 75 1. 82
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Fig. 8. Effect of pressure on the rates of
reduction and desulfurization.
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Fig. 10. Comparison of reduction curves between
iron ore coated with carbon (C-5) and ordinary
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Rio Doe ore

Photo. 2. SEM image of particles after reduction comparing iron ore coated with

carbon and ordinary iron ore.

Photo. 3. Sulfur distribution after gasification at pressures of 0kgf/cm?G
and 5 kgf/cm?G observed by EPMA.
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