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Smelting Reduction of Composite Pellet of Iron Ore with Coke

by Arc Plasma

Synopsis:

Shin—ichi NISHIOKA and Nobuo SANO

The possibility of direct steelmaking utilizing smelting reduction of iron ore by coke was investigated

by using argon plasma jet as a heat source.

Coke powder was included in an iron ore pellet for the

promotion of reduction and the weight of pellets charged ranged from 1.2 to 3.8kg. The typical
composition of metals obtained with the slag containing 2~3%Fe and 0.002~0.005%,P is 0.5%,C, 0.29%S
and 0.0182,P, the process being accompanied by the significant gaseous desulfurization and dephosphori-
zation. This may be attributed to the carrying effect of gaseous species of S and P by CO which
vigorously evolves on the very rapid reduction of iron ore at high temperatures due to plasma heating,

and to good contact between ore and coke in pellets.

The addition of flux such as CaO and CaF,

improved the final composition of metals to yield 0.159C, 0.0039%P and 0.05%S.
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Table 1. Composition of materials used for the
reduction of iron ore. (wt9%)
T.Fe | FeO | Si0, | Al,05|CaO| P S
Ore-1 0.044 | 0.003
—— 68 |03| 06 | 08 {[0.05
Ore-2 0.036 | 0.010
Cement-1 0.13 0.45
_—{ 1.4 22 5 65
Cement-2 0.033 | 0.78
Coke-1 Ash 11.6 0.046 | 0.73
Coke-3 Ash 13.3 0.056 | 0.76
Table 2. The pellet composition. (wt%,)
T.Fe Si0; Al,0, Ca0 P S C
48 2.4 1.5 2.4 0. 040 0.18 17
§ s § § § $ s
52 2.9 1.7 2.7 0. 047 0.24 23
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Fig. 1. Schematic demonstration of the plasma
jet furnace.
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Fig. 2. Changes in carbon content in metal and
iron content in slag with time,. '
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Fig. 3. Changes in phosphorus contents in
metal and slag with time.
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Fig. 4. Carbon content in metal and iron content
in slag with the amount of carbon as reductant.
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Fig. 5. Phosphorus contents in metal and slag
with varying amount of carbon in pellets as re-
ductant. '
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Fig. 6. Sulfur contents in metal and slag with
varying amount of carbon in pellets as reduc-
tant.
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Table 3. The final composition of metal and
slag. (wt%) [pellet only]

c si Mn p S
Metal 0. 47 <0.01 0.08 0.018 0.24
FeO Fe;0; CaO SiO; Al,O3; MgO MnO P S

Slag 2.7 0.1 341 352 153 82 55 <0.002 0.09

00
&
2
o
T
& UNIDENTIFIED )
e
a
& 50 e
Z e DUST
5
m
E .//.
o METAL
a

O A 1

1.2 1.4

Fig. 7. The material balance of phosphorus among
metal, slag and dust with varying amount of carbon
in pellets as reductant.
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Fig. 8. The material balance of sulfur among
metal, slag and dust with varying amount of car-
bon in pellets as reducsant.
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Fig. 10, Fig. 11 25EBREiEOHE, v A LthLho
WEIE % CaO HEe LR LD TH S, Hi
it CaO 70g/kg-ore L LN X b BEE~DOBT
RIIKRELPA L, F2OHRAF 7FROBREBIHEx, &
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ClCeq =115

O 1
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AMOUNT OF LIME ADDED(g-CaOrkg-ore)

Fig. 9. The phosphorus and sulfur contents in
metal and slag against the amount of lime added.
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Fig. 10. The material balance of sulfur among
metal, slag and dust against the amount of lime
added.
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Fig. 11. The material balance of phosphorus
among metal, slag and dust against the amount
of lime added.

Table 4. The final composition of metal and
slag. (wt%) [pellet+ CaO]

C Si Mn P S
Metal 0.57 <0.01 0. 06 0.0033 0.10
FeO Fe,0; CaO SiO; Al,03 MgO MnO P S

Slag 2.9 0.5 6l.4 21.2 8.5 3.7 05 0.16 0.56

5. b AL CaO ofEmEMINCE > TR~ OBITE
BRATHN, AF 7~OBTRAKREIMML, A

FDOBITHR - REHOEFHE 80% b 65% F T
HFhH. L UIRR E LT h DSAERE D AR B
h5.

b BibE - B b AR B D7 CaO 90 g/kg-ore ¥
MOBEOHKERY: - A5 7% Table 4 R L
7o. P=0.0033% X\ 5 HR(K D A E Dhicz Eavb
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LIk, CaO ZFHmT5z ek, P, (T. Fe) g
BCBEPELRIT T LB, bl ATHE
ENTEI, LALSEENILERBVDOT, RCE b
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Wn LB a8 onWT, RIEH CaF, # 2 5 7/ hiEmn
4~5% L7t H X ORHEBELTA vy FENE L.

Table 5 B KAERS: - A5 7K %, ¥/ Fig. 12

Table 5. The final composition of metal and
slag. (wt9%) [CaF,-containing pellet]

C Si Mn P S

0. 0044 0.05

Metal 0.15 <0.01 0.08

FeO Fe;03 CaO SiO; Al;O3 MgO MnO CaF; P S
4.6 0.18 0.79

Slag 2.9 0.2 59.9 18.2 46 7.0 17

C,Ce _= 1.1 5 :
CaF, -containing pellet
Ca0 addition (90g/kg-ore)
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Fig. 12. The material balance of sulfur and
phosphorus among metal, slag and dust when
CaF, was added to pellets.

CERNTBOME LD AD WENZRZ/R L. CaF, ©

wmimc kv (S) BES EA USEEX 0.06% ¥TCF
Aot AR LT (P) BEXERL, £o4%

DEALEE D ABIMET Liz. CIEREIT CaF, VRN Lic
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5) CaO RO CaF, #MT5z il h SBER
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ThhH. C @EE CaFy, 2N LAWEE I D HEL
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