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Reduction and Dephosphorization of Molten Iron-oxide with
Hydrogen-Argon Plasma
Y asushi .NAKAMURA, Michihisa ITo, and Hidetake IsHIRAWA

Synopsis:

Iron oxide (Whyalla ore) of 300~700 g charged in a water-cooled iron vessel was melted down by
argon plasma, and then reduced by plasma of 10~509; H,-Ar mixtures. The flow rate of mixture
was 10 1/min and the electric power was 15 kW. The result showed that the reduction degree of
iron oxide was determined as a linear function of the ratio of hydrogen amount used to the weight of
iron oxide charged. The utilization efficiency of hydrogen for the reduction reaction was found to be
50~709%, which was higher than the equilibrium values for Hy-H,O-Fe-Fe O system below 3000°K.
Such a high efficiency would result from strong reactivity of hydrogen atom which was formed by the
thermal dissociation of hydrogen molecule in the plasma.

Phosphorus behaviour during the reduction of molten iron oxide containing P,0Oj, ‘CaO, SiO,, and
Al,O; was examined. The calculation of material balance for phosphorus indicated that phosphorus
was transferred out of the reactor. The amount of phosphorus transfer was found to increase expo-
nentially with respect to the reaction time. The transferred amount decreased with increasing value

of CaO/(SiO,+ Al;Oy) ratio.
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Fig. 1. Experimental apparatus.
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Table 1. Composition of Whyalla ore. (after
heat-treating at 1300°C for 3h)
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Fig. 2. Change in the content of Fe++ and Fe*++
with the reaction time. (weight of ore
charge : 500 g, gas composition : 309, H,-
Ar, and no addition of Caz(POy),).
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Fig. 3. Relation between the weight of metal
formed and the hydrogen amount
used.

# 10min i Ar 75 X< TOERNC X v, BEIERL
$hizds X % Fer+ 30%, Fer++ 359 Offlicics. Ar
75 X< WEOLTD Fer+, Fer++ FROHBIL,
120 min % Cf72o72A% 10 min DU IRISIEHRZ L x <
R+ 5. 10min BCHENEEBMT S L020, 80
OB RIS OB LR TR T L, BEliREO
BA(LETA CIRETF LTW Wb D L2 5.
KEDBA LI X LICETHET L, BRIRLHS
D Fer++ PEITABCEA LT, RILTHEE 20min
© 10% ETETT5H. —JF Fer+ BEOHIML 20
min ¢ 55% w35, 20min [ Fet+, Fet++
el P LI b T5. —HRBRERECK
THERSBHOEREZLIE Fig. 3 WRLTHS. £
Badetfir LR L A—Th 5. HEhOKREARITERY
AA—ZICLBERAERETHS. HEOERSREED
BRI, WRGBH LLENTTTRDIA T S HORE
gL OFITRELT5. BHRTIRA S 7Rk OFE
1D bR, DI TRD IR T I BEREIIAR

EROEHEATIIVThDd 5% T ThHs. HRBESS
b b AT ZhEBEHOEARRLAMC IR & W
2, BILE 50% LA ETiiA 5 o BBl AERS
B 10% DITFThD. L2 TRTEOE L
TR DOEBEHILH PBERCER L T-D v L
5. KREMFEHER 300 FCRBSUIARE T, DK
EH R E OO TEBNCSBEHIERT 5.
4.1.2 KEDR

HBINTEHE X v ROTBREBBRERED HEILE L RD
7z,

T (%) =
B I 0 S DIRE S h IR oo

YA SBRE OMER

75 X = H AhOKERE 30% kT 5EMEAE
Biob OKEFRE L, BILEOEN Fig. 4 WRL
ThH5. A—AKZRECK T, KRMEHEOHEIMCH
STRLRIEFRHCHEKAT S, RITHFA IO
L 2 EBERITN 18% OBELELCHYETS.
BEMBERE» HIHE LBLRFH S NCKER L,
SR U KEFEREOBEN Fig. 5 WRLTHS. K

100

Charge weight(g)

Reduction degree.{%)
o
o)

A 300
- o 500
I e 700
0 A L i A L
o) 100 200 300

Hydrogen amount used ( I/500g-ore)

Fig. 4. Plot of the reduction degree against the
hydrogen amount used with 309, H,-Ar
plasma.
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Fig. 5. Comparison of the hydrogen amount consum-
ed by reaction with that used as the plasma
gas. Iron oxide of 500 g was used.
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Fig. 6. Relation between the distribution of Fe
and the reduction degree with 302, H,-
Ar plasma.
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Table 2. Chemical composition of metal formed.
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Table 3. Chemical composition of slag in CaO addition experiment.
The reaction time was 60 min.

CaO Composition

addition T.Fe Fet+ M.Fe CaO Si0, ALO, MgO
0 62.52 52.02  2.91 0.009 1.45 7.74 5.12 0.56
2.5 47.38 35.43  0.55 0.045  12.72 12.50 7.36 0.86
5 47-91 34.07  1.23 0.13 15.65 9.84 3.25 0.63
10 52.70 39.10  1.67 0.14 23.45 5.24 3.36 0.20
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Fig. 10. Effect of gas composition on the depho-
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