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Rapid Reduction of Fine Iron Ore Transported with CH, Gas
Yohei NOMURA, Hiroshi NAKAGAWA, Takayuki MAEDA, Koki NISHIOKA and Masakata SHIMIZU

Synopsis : Acceleration of reduction rate and decrease of reaction temperature in ironmaking process are key issues to reduce the CO, emission and the
energy consumption. To solve the problem, effective use of H, gas or CH, gas including both reducing agent of carbon and hydrogen is pro-
posed. Therefore, a laboratory scale fine iron ore particles-gas conveyed system was utilized to measure the reduction rates of fine ore by
using H, and CH, gas at high temperature. H,-N, and CH,~N, mixture having various flow rates and compositions were flowed downward
with fine iron ore through a cylindrical reactor maintained at a constant temperature of 1373 to 1723K.

The reduction process was found to proceed in such manner that the iron ore particles were reduced topochemically under the condition of
1573K. The reduction rate in CH, gas became larger than that in H, gas with increase in the temperature, because of the contribution of car-
bon deposited on the surface of iron ore particle. Fractional reduction of ore in CH, gas reached over 0.8 at 1573K in 1 s. In the reaction rate
analysis, it was concluded that the major fraction of overall reaction resistance was attributable to chemical reaction between the iron oxide
and the carbon dissolved in metallic iron. The activation energy in CH, reduction was evaluated to be 192.5 kJ/mol and it was almost same as

that in decomposition of CH,.

Key words : ironmaking; fine iron ore; CH, gas; H, gas; in-flight reduction; reduction rate; overall reaction resistance; activation energy.
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Table 1. Chemical composition of iron ore (mass%).

TFe FeO CaO SiO, ALO, MgO
6860 028 005 058 060 0.03
Sample
CH,
:_@_HLNZ
Gas flow
Feeder meter
Electric
/ furnace
Fine Ore
Al,O; Tube
(1.D.50mm)
Gas
analyzer

filter
Cooler

Fig. 1. Schematic view of apparatus.
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Fig. 3. Cross section of samples after reduction at 1573K.
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Fig. 4. The relationship between resident time of iron ore particles and fractional reduction.
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CO AERBEEREIZEHT BREDEE (mol-m)
Ci I RICREIZE T BREDEE (mol - m™)
Cio  RICRMEIZH T B CODEE (mol-m™3)
Ch 12NLU A AMPITE G B H, OBRE (mol-m™)
Ci.  RIGRIEIZ BT 5 H, DEE (mol-m?)
Cho 1702 7 ZMHZ I 1T B H,0 DI (mol-m™)
Cho - RIDREIZE T 5 H,0DIRE (mol-m™)

Cy - ERBPOREDEARE (mol-m™?)

dy D R ITTRE R R (mol-oxygen-m ™)
D. I RFEOPLHRURE (m*-s7")

f EILE ()

fi 1 CH,O5B# (-)

Joe ! CH, DD 7R3 (—)

g D EHIIIEE (m-s™?)

ky  C HETCORERISEE ER (m-s™")

D H, B ICOAL IR0 H B E B (mol-oxygen-m™2-s71)

ke CEBHHIIRK L REIZ K ZE IO FRIGEE E K

(m-s™"

ke D EBBRHUCREK UK FIC K B EITOAL IO E E E B
(mol-oxygen-m~2-s™")

K DPEER (-, Pa)

k, D CH, DB ROREER (s7")

L DB RE (m)

Me  IRFEDSFE (kg-mol )
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R

ex,
np
Pu,
Pcn,

QCH,
Ociy

\e]
Zz

O\ ~

TS, NTE 9w

PR
& Cg’

2

2)
3)
4)
6)
7)
9)

10)

CH, 7 Z IR & 7= 0B O i 8k E T

CERESPIIRIKLERBICLSE LD ERICEE
(mol-s™ 1
D HETEDALE RSEE (mol-s™!)
L IRFRDILHGESE (mol-s71)
P H, D57 (atm)
: CH, D57 E( atm)
RE T AR (m?s7)
. CWFICABRIOCH, # ADFHE (m's7)
TIPAEER L KA CH, F ADWHE (s
N, DR (mPsTh
DR HL A & OFEEE (m)
DR ¥E (m)
D RBOBHEAEE (m)
CERER (- molTK™Y
D RIGE WA (m?)
DA AR (s)
DRI FHFERER (s)
DR (K)
A AR (m-sT!)
DRFEE (mesTh)
DR AR (mesTh)
. CH, DAL BT 2 L% — (J-mol ')
DA ADKMERE kgem s
I FeDEE (kg-m™)
DRAH ADOEE (kg-m)
CBREADER (kg-m™?)
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