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1
THE TREATING OR REFINING OF METAL

This invention is concerned with improvements in and relat-
ing to the treating or refining of carbon-containing metal by
oxidizing impurity therein. .

In our United Kingdom Pat. Nos. 890,282, 949,610 and
1,006,082, there is described a process for reducing impurity
in ferrous metal by oxidizing such impurity, the process com-
prising establishing a stream of molten metal and shattering
the stream into droplets by a jet of oxidizing gas. This process
is referred to as spray refining. .

1t is an object of this invention to provide an improved spray
treating or refining process and apparatus for carrying out that
process. :

According to the present invention there is provided a
process for refining molten carbon-containing metal compris-
ing feeding the metal to a reaction vessel as a freely falling
flow therein, shattering the freely falling flow in space within
the vessel by streams of oxidizing gas, collecting the refined
molten particulate metal in the vessel and extracting gas from
the vessel to thereby induce air into the vessel to burn the car-
bon monoxide produced by the primary oxidation.

20

Preferably slag forming material is fed to the vessel asa flow -

adjacent the metal, the two flows being together shattered and
intimately mixed by the gas flow. In the particular case of
refining crude iron to reduce the carbon content, the oxidizing
gas is preferably oxygen or oxygen enriched air. The high tem-
perature produced by the oxidation of the carbon as the gas
breaks up the flows renders the slag forming material molten
and immediate intimate contact is obtained of the refined
metal droplets and molten slag forming material.

According to the present invention there is further provided
apparatus for carrying out the process according to the inven-
tion, the apparatus comprising a container having an outlet
from which molten metal may be fed as a freely falling flow, a
reaction vessel comprising an upper cover portion through
which the flow may pass and a lower receiving portion, gas
discharge means to produce gas streams convergent upon the
path of the metal flow whereby that flow may be shattered in
the vessel, extractor means coupled to the vessel to remove

gas therefrom and passage means communicating between the

interior of the vessel and atmosphere through which in opera-
tion air will be drawn by the action of the extractor means.

In a preferred form of the apparatus a discharge device for
slag forming material is provided to form a curtain of that
material which will fall adjacent the metal flow to be shattered
therewith by the gas flow from the gas discharge means.

In order that the present invention may be well understood
there will now be described some embodiments thereof, given
by way of example only, reference being made to the accom-
panying drawing, in which:

FIG. 1 is a diagrammatic cross section of treating or refining
apparatus; -

FIG. 2 is a plan view of a gas discharge device;

FIG. 3 is a section on the line II-1II of FIG. 2; and

FIG. 4 is an elevation of the gas discharge device.

The apparatus for refining metal shown in the drawing is
particularly intended for treating or refining crude iron and
comprises a transfer ladle 1 having a flow control stopper 2 to
control molten metal flow to a tundish 3 having a refractory
outlet nozzle 4.

Beneath the tundish is a reaction vessel 5 which comprises a
cover or hood portion 6, having a central aperture 7 and a gas
takeoff 8, and a receptacle portion 9 beneath the hood. An ex-
tractor fan 10 is located in the gas takeoff, which may have a
plurality of inlets symmetrically placed about the hood por-
tion, only one being shown. '

Located on the hood portion 6 is a gas discharge device
comprising a header 12 having a gas inlet 13, and gas outlets
15, the outlets being angled to produce jets which converge
downwardly and intersect one another, and the path of a
stream discharged by the tundish nozzle 4, inside the hood
portion.
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The tundish nozzle may be circular in section normal to the
nozzle axis.and the gas discharge outlet may be an annular
manifold having inwardly and downwardly directed outlets.
Such a construction is shown and described. in our United
Kingdom Pat. No. 949,610.

Alternatively the tundish nozzle has a cross section normal
to the direction of flow of which the dimension of each of two
opposite sides is several times greater than the mean dimen-
sion between those sides. For example, the stream may have
larger sides of 3 inches and a mean distance between those
sides of half an inch. Thus, a stream will be formed which has a
very high surface area-to-volume ratio per unit length of the
stream. S

For shattering such a stream the gas discharge device com-
prises a header 12a (FIGS. 2 to 4) having takeoff chambers 14,
each having an outlet 13a which spans the major side of the
metal stream which will be poured and each has a conver-
gent/divergent form in the direction of flow to accelerate the
gas during discharge. The outlets may have at the exit a
smaller dimension of 0.1 inches.

A flux. discharge device 16 is mounted above the gas
discharge device and in the case of FIG. 1 comprises an annu-
lar manifold 17 having an inlet 18 and outlets 19 to discharge
a curtain surrounding the metal stream. The inlet 18 is cou-
pled to a source of gas entrained flux. In the case of FIGS. 2 to
4 the flux discharge device comprises two manifolds 17a each
having an outlet 19a which will form a curtain along the ad-
jacent face of the metal stream. )

To carry out refining, molten crude iron is withdrawn from
a suitable source into the transfer ladle 1 and poured ata con-
trolled rate into the tundish to maintain a constant head in the
tundish. The metal in the tundish will fall from the outlet noz-
zle 4 as a freely falling stream and the rate of flow with anoz-
zle passage of % by 3.inches with'a head of 14 inches will be 1
ton per minute. The passage may be as large as % by 24 inches
to give a flow for the same head of 8 tons per- minute.

The freely falling stream together with curtain streams of
gas-entrained flux on each side discharged from the outlets 19
will be shattered and the streams of metal and gas-entrained
flux will be intimately mixed by the oxygen discharged from
the gas outlets 15. The small particles of molten iron present a
large surface area to the action of the oxygen and the flux is
rapidly melted by the heat generated and surrounds- these
droplets. S _

By adoption of the wide thin form of the metal stream the
oxygen requirement for high rates of flow is of the same order
per ton of metal treated as for small flow rates, additional ox-
ygen merely for effecting adequate shattering of the stream
being unnecessary.

Carbon, silicon, manganese, phosphorus and other impuri-
ties in the crude iron react with the oxygen to form carbon
monoxide, silica, manganese oxide, phosphorus pentoxide and
the like. Sulfur is removed as sulfur dioxide and sulfide in the
slag which to retain such oxides as silica, manganese oxide,
phosphorus pentoxide and the sulfide should be basic. To

" retain phosphorus pentoxide the slag should be oxidizing and
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the flux therefore may be powdered lime or limestone ad-
mixed with iron oxide. o

During the run of metal into the vessel, the extractor fan 10
operates to withdraw gas and fume from the vessel and is
operated at a rate to cause air to be drawn into the vessel
through a passage 20 defined by the hood portion and recepta-
cle portion. This indrawn air will provide oxygen for the com-
bustion of carbon monoxide and thereby the quantity of ox-
ygen fed to the vessel through the gas discharge outlets is less
than that which is required to fully oxidize the impurities to
bring the metal impurities down to the desired limits.

Large quantities of heat are generated by the reaction and
may be used to melt scrap. This scrap can be placed in the
reaction vessel before a run is started. Alternatively or addi-
tionally scrap and/or prereduced or partially reduced iron ore
may be fed into the reaction vessel by chute 21 during a run
either ‘continuously or intermittently. The addition of such



3,554,521

3

.material during a run is particularly advantageous as a tem-
perature control arrangement and prereduced ore is particu-
larly suitable since not only is it in suitable form for metering
into the vessel, but it is of known composition so that the
- refined metal can be made to a precisely predetermined

<o specification.

s A small surplus of air over that required to burn the carbon
~ monoxide is provided to ensure that no carbon monexide en-
ters the extractor inlet where it would present a potential
.danger of explosion in the extraction system.
. By burning the carbon monoxide present in the vessel, the
quantity of scrap which can be included is substantially in-
‘creased.
Refining a melt comprising 4.1 percent C, 2.3 percent Si,
'1.0 percent Mn, 0.05 percent P, 0.05 percent S remainder iron
at a rate of 24 tons per hour to a steel of 0.1 percent C, 0.01
-percent Si, 0.02 percent Mn, 0.02 percent P, 0.02 percent S,
‘the rest iron, the quantity of steel scrap melted to provide an
end temperature of 1,650° C. was between 990 and 1,080
"p.ounds for each 2,000 pounds of molten iron. The theoretical
maximum of scrap was 1,120 pounds for each 2,000 pounds of
molten pig iron. In carrying out this refining the quantity of
oxygen fed to the gas discharge nozzles was 2,500 cu.ft. per
ton of metal and all the carbon monoxide was burnt to leave 1-
—2 percent oxygen at the extractor inlet, the quantity of in-
drawn air being 7,100 cu.ft./ton of metal.
" The refining process may be a single-stage process or it may
be effected in more than one stage. Thus a first stage spray
‘refining may be effected to desiliconize and partly decarburize
the iron. This pretreated iron may be further spray refined to
remove further impurities in a second stage or may be fed as
raw material for steel production in another vessel, e.g., an
"L.D. converter. In the case of further refining in an L.D. con-

- verter, the lower portion of the spray refining vessel of the first
stage may be the L.D. converter vessel itself located below the
hood portion, into which a lance can be lowered to effect the
'second stage.

As a further feature of a single stage process, the receiving
vessel, after a run, may be agltated as by rotation to bring the
reaction further toward equilibrium.

Instead of a rectangular outlet to form the metal stream a
nozzle defining a passage of othet cross section may be used to
give a high surface-to-volume ratio. per unit length of flow,
such for example as an elliptical cross section.

I claim:

1. Apparatus for treating molten carbon-containing metal
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comprising a container having an outlet from which molten
metal may be fed as a freely falling flow, a reaction vessel
comprising an upper compartment through which the metal
may pass and a lower receiving compartment, gas discharge
means to direct an oxidizing gas jet into the upper compart-
ment which intersects and shatters the metal flow, passage
means providing communication between the upper compart-
ment and the ambient atmosphere when said vessel is in use
and so located as to be always above the metal surface in said
vessel, and extractor means for forcibly removing gas from
said upper compartment and thereby drawing air into saxd
upper compartment through said passage means.

2. Apparatus for treating molten carbon-containing metal
comprising a container having an outlet from which molten
metal may be fed as a freely falling flow, a reaction vessel posi-
tioned below said container and comprising an upper hood’
through which the metal may pass and a lower receptacle, the
hood having a downwardly facing rim which defines with an
opposed upwardly facing rim of the receptacle a passage
which places the interior of the vessel directly in communica-
tion with the ambient atmosphere, gas discharge means posi-
tioned within the vessel to emit a gas flow to shatter the metal
flow, offtake means in communication with the interior of the

vessel, and-extractor means coupled to said offtake means for

forcibly removing gas from said vessel into said offtake means

and thereby drawing air into said vessel via said passage.
3. Apparatus accordmg to claim 1 in which the gas

discharge means comprises at least one gas discharge outlet
which faces inwardly and downwardly to direct a stream of gas
towards the metal flow path. :

4. Apparatus according to claim 1 including a discharge
device for introducing slag producing material into the vessel.

5. Apparatus according to claim 4 in which the discharge
device is positioned to discharge slag producing material along
a path passing between the path of the metal flow and the gas
discharge means.

6. Apparatus accordmg to claim 1 in whlch the vessel in-
cludes an inlet for feeding additives thereto during a run.

7. Apparatus as claimed in claim 1 in which said upper com-
partment comprises a hood and said hod and receiving com-
partment define said passage means therebetween.

8. Apparatus according to claim 1 .in which the gas
discharge means. comprises at least one gas discharge outlet
which faces‘inwardly and downwardly and which has a con-
vergent/dlvergent character to accelerate the gas flow.



