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A procedure for holding production of molten metal in a direct smelting process is disclosed. In situations where it is necessary to
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(57) Abrégé(suite)/Abstract(continued):

hold procedure includes the steps of stopping supply of metalliferous feed material, continuing to inject oxygen-containing gas and
solid carbonaceous material into the vessel and generating heat within the vessel to maintain the temperature of the molten bath
above a temperature at which the bath freezes. In situations where it is necessary to hold production and there is a continuing
supply of oxygen-containing gas but no available solid carbonaceous material, the hold procedure includes the steps of stopping
supply of metalliferous feed material and injecting oxygen-containing gas and gaseous or liquid combustible material into the vessel
and generating heat within the vessel to maintain the bath temperature.
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ABSTRACT

A procedure for holding production of molten
metal in a direct smelting process is disclosed. In
situations where it is necessary to hold metal production
and there is a continuing available supply of oxygen-
containing gas and solid carbonaceous material, the hold
procedure includes the steps of stopping supply of
metalliferous feed material, continuing to inject oxygen-
containing gas and solid carbonaceous material into the
vessel and generating heat within the vessel to maintain
the temperature of the molten bath above a temperature at
which the bath freezes. In situations where it is
necessary to hold production and there is a continuing
supply of oxygen-containing gas but no available solid
carbonaceous material, the hold procedure includes the

steps of stopping supply of metalliferous feed material and

injecting oxygen-containing gas and gaseous or liquid
combustible material into the vessel and generating heat

within the vessel to maintain the bath temperature.
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STABLE IDLE PROCEDURE

The present invention relates to a process for
producing molten iron from a metalliferous feed material,
such as ores, partly reduced ores, and metal-containing
waste streams, in a metallurgical vessel containing a
molten bath.

The present invention relates particularly to a molten
bath-based direct smelting process for producing molten

iron from a metalliferous feed material.

The term “direct smelting process” is understood to
mean a process that produces a molten metal, in this case

iron, from a metalliferous feed material.

The present invention relates more particularly to a
molten bath-based direct smelting process that is generally
referred to as the HIsmelt process.

In general terms, the HIsmelt process includes the

steps of:

(a) forming a molten bath having a metal layer and a
slag layer on the metal layer in a direct
smelting vessel;

(b) injecting metalliferous feed material and solid
carbonaceous material, and optionally fluxes,
into the metal layer via a plurality of

lances/tuyeres;

(c) smelting metalliferous feed material to metal in
the metal layer;

(d) causing molten material to be projected as
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splashes, droplets, and streams into a space
above a nominal quiescent surface of the molten

bath to form a transition zone; and

(e) injecting an oxygen-containing gas into the
vessel via one or more than one lance/tuyere to
post-combust reaction gases released from the
molten bath, whereby the ascending and thereafter
descending splashes, droplets and streams of
molten material in the transition zone facilitate
heat transfer to the molten bath, and whereby the
transition zone minimises heat loss from the
vessel via the side walls in contact with the

transition zone.

A preferred form of the HIsmelt process is
characterized by forming the transition zone by injecting
carrier gas, metalliferous feed material, solid
carbonaceous material, and optionally fluxes into the bath
through lances that extend downwardly and inwardly through
side walls of the vessel so that the carrier gas and the
solid material penetrate the metal layer and cause molten
material to be projected from the bath.

This form of the HIsmelt process is an improvement
over earlier forms of the process which form the transition
zone by bottom injection of carrier gas and golid
carbonaceous material through tuyeres into the bath which
caugses droplets and splashes and streams of molten material
to be projected from the bath.

The applicant has carried out extensive pilot plant
work on operating the HIsmelt process with continuous
discharge of molten iron and periodic tapping of molten
slag from the direct smelting vessel and has made a series

of significant findings in relation to the process.
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One of the findings, which is the subject of a first
aspect of the present invention, is that in situations
where there is a continuing supply of oxygen-containing gas
and solid carbonaceous material it is possible to hold the
process indefinitely, ie stop producing metal, and maintain
a pool of molten metal in the vessel, and then continue

operating the process and resume metal production.

This is an important finding because there are a
number of situations in which it is important to be able to
stop production of molten iron for relatively short periods
of time. One example of such a situation is when
downstream operations can not take molten iron produced by
the process. 1In this situation, whilst the process can
continue to operate and produce molten iron, there is a
cost penalty associated with not being able to use the
molten iron immediately in the downstream processing
operations. Another example is where there is an unforseen
interruption to the supply of metalliferous feed material
to the process and it is not possible to continue operating
the process. In such situations, without a hold procedure,
the only option is to immediately shut-down the process and
empty molten iron and slag from the vessel and then restart
the process when the cause of the shutdown has been
rectified. A process shutdown/start-up is a major exercise
with considerable lost production and cost.

Another of the findings in the pilot plant work, which
ig the subject of a second aspect of the present invention,
is that in situations where there has been an interruption
to the supply of solid carbonaceous material but there is
an available supply of gaseous or liquid combustible
material, such as natural gas, it is possible to hold the
process for a considerable period of time, ie stop
producing metal, and maintain a pool of molten metal in the
vessel, and then continue operating the process and resume

metal production.
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This is an important finding because, in such a
situation, without a hold procedure, the only option is to
immediately shut-down the process and empty molten iron and
gslag from the vessel and then regtart the process when the

cause of the shutdown has been rectified. A process
shutdown/start-up is a major exercise with considerable

lost production and cost.

The above findings are applicable particularly to

direct smelting processes which discharge molten metal

continuously and tap molten slag periodically.

The first aspect of the present invention provides a

direct smelting process for producing molten metal from a

metalliferous feed material in a vessel that contains a

molten bath having a metal layer and a slag layer on the
metal layer, which process includes the following standard

operating procedure of:

(a)

(b)

(c)

injecting carrier gas, metalliferous feed
material, and solid carbonaceous material, and
optionally fluxes, into the molten bath via a
plurality of solid material injection
lances/tuyeres positioned above and extending
towards the surface of the metal layer and
causing molten material to be projected from the
molten bath as splashes, droplets and streams
into a space above a nominal quiescent surface of

the molten bath to form a transition zone;

smelting metalliferous feed material to metal in
the molten bath;

injecting oxygen-containing gas into the vegsel
via one or more than one lance/tuyere and post-

combusting reaction gases released from the
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molten bath, whereby the ascending and thereafter
descending splashes, droplets and streams of
molten material in the transition zone facilitate

heat transfer to the molten bath;

tapping molten metal and molten slag as required

from the vessel;

and which process is characterised by the following hold

procedure for situations in which it is necessary to stop

production of molten metal for a period of time other than

gituations in which there has been an interruption to the

supply of oxygen-containing gas and/or solid carbonaceous

material to the process:

(1)

(ii

)

stopping supply of metalliferous feed material

into the vessel;

continuing to inject carrier gas and solid
carbonaceous material into the molten bath via
the solid material injection lances/tuyeres
and generating combustible material in the
molten bath and causing molten material and
combustible material to be projected into the

transition zone; and

continuing to inject oxygen-containing gas
into the vessel via one or more than one
lance/tuyere and combusting combustible
material projected into the transition zone,
whereby the ascending and thereafter
descending splashes, droplets and streams of
molten material in the transition zone
facilitate heat transfer to the molten bath to
maintain the temperature of the molten bath
above a temperature at which the bath freezes.
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Preferably the amount of solid carbonaceous material
and oxygen containing gas that is injected into the vessel
is reduced during the hold procedure.

Preferably the hold procedure includes periodically
adding fluxes to the molten bath.

Preferably the hold procedure includes periodically
tapping of molten slag during the hold period.

The second aspect of the present invention provides
a process for producing molten metal from a metalliferous
feed material in a vessel that contains a molten bath
having a metal layer and a slag layer on the metal layer,
which process includes the following standard operating

procedure of:

(a) injecting carrier gas, metalliferous feed
material, and solid carbonaceous material,
and optionally fluxes, into the molten bath
via a plurality of solid material injection
lances/tuyeres positioned above and
extending towards the surface of the metal
layer and causing molten material to be
projected from the molten bath as splashes,
droplets and streams into a space above a
nominal quiescent surface of the molten bath

to form a transition zone;

(b) smelting metalliferous feed material to
metal in the molten bath;

(c) injecting oxygen-containing gas into the
vessel via one or more than one lance/tuyere
and post-combusting reaction gases released
from the molten bath, whereby the ascending
and thereafter descending splashes, droplets
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and streams of molten material in the
transition zone facilitate heat transfer to

the molten bath;

(d) tapping molten metal and molten slag as

required from the vessel;

and which process is characterised by the following hold
procedure for situations in which it is necessary to stop
production of molten metal for a period of time and there
has been an interruption to the supply of solid

carbonaceous material to the process:

(i) stopping supply of metalliferous feed

material into the vessel; and

(ii) injecting oxygen-containing gas and gaseous
or liquid combustible material into the
vessel and combusting the combustible

material to maintain the temperature.

The term “combustible material” in regard to the first
aspect of the invention is understood to include, by way of
example, carbon monoxide, gsolid char, and hydrogen and
other volatiles that may be generated from a solid

carbonaceous material.

The term “quiescent surface” in the context of the
molten bath is understood to mean the surface of the molten
bath under process conditions in which there is no
gas/solids injection and therefore no bath agitation.

Typically, the hold period of time is up to 5 hours.

Preferably, step (d) of the process includes

continuously tapping molten metal from the vessel.
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Where the process includes continuously tapping molten
metal via a forehearth, preferably the hold procedure
includes varying the pressure in the vessel and thereby
varying the level of molten metal in the vessel and forcing
molten metal from the vessel into the forehearth and from
the forehearth into the vessel. Varying the pressure
causes circulation of molten metal between the vessel and
the forehearth and assists in maintaining a relatively
uniform temperature of the molten metal in the vesgel and

the forehearth.

Preferably the solid carbonaceous material is coal.

Preferably the gaseous combustible material includes

natural gas.

Preferably the oxygen-containing gas is air or oxygen-

enriched air.

More preferably the oxygen-enriched air contains less
than 50% by volume oxygen.

Preferably the process operates at high post-
combustion levels.

Preferably the post-combustion levels are greater than
60%.

Preferably, the metalliferous feed material is an
iron-containing feed material. The preferred feed material
is iron ore.

The iron ore may be pre-heated.

The iron ore may be partially reduced.

Preferably metalliferous feed material is smelted to
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metal predominantly in the metal layer.

These and other features, aspects and
advantages of the present invention will become
better understood with regard to the £following
description and accompanying drawings, wherein:

FIG. 1 1is a vertical cross-section of a
direct smelting vessel according to an embodiment
of the present invention.

The vessel shown in Fig. 1 has a hearth that
includes a base 3 and sides 55 formed from
refractory bricks; side walls 5 which form a
generally cylindrical barrel extending upwardly
from the sides 55 of the hearth and which include
an upper barrel section 51 and a lower barrel

section 53; a roof 7; an outlet 9 for off-gases; a

~ forehearth 81 which can discharge molten iron

continuously; a forehearth connection 71 that
interconnects the hearth and the forehearth 81;

and a tap-hole 61 for discharging molten slag.

In use, under standard operating (i.e.
steady-state) conditions, the vessel contains a
molten bath of iron and slag which includes a
layer 15 of molten iron and a layer 16 of molten
slag on the metal layer 15. The arrow marked by
the numeral 17 indicates the position of the
nominal quiescent surface of the metal layer 15
and the arrow marked by the numeral 198 indicates
the position of a nominal quiescent surface of the
slag layer 16. The term “quiescent surface” is
understood to mean the surface when there is no
injection of gas and solids into the vessel.

The vessel also includes 2 solids injection
lances/tuyeres 11 extending downwardly and
inwardly at an angle of 30-60% to the vertical
through the side walls 5 and into the slag layer
l6. The position of the lances/tuyeres 11 is
selected so that the lower ends are above the
quiescent surface 17 of the metal layer 15 under

DOCSOTT: 618989\1
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steady-state process conditions.

In use, under standard operating conditions iron ore,
s0lid carbonaceous material (typically coal), and fluxes
(typically lime and magnesia) entrained in a carrier gas
(typically N;) are injected into the molten bath via the
lances/tuyeres 11. The momentum of the solid
material/carrier gas causes the solid material and gas to
penetrate the metal layer 15. The coal is devolatilised
and thereby produces gas in the metal layer 15. Carbon
partially dissolves into the metal and partially remains as
solid carbon. The iron ore is smelted to metal and the
smelting reaction generates carbon monoxide gas. The gases
transported into the metal layer 15 and generated via
devolatilisation and smelting produce significant buoyancy
uplift of molten metal, solid carbon, and slag (drawn into
the metal layer 15 as a consequence of solid/gas/injection)
from the metal layer 15 which generates an upward movement
of splashes, droplets and streams of molten material, and
these splashes, and droplets, and streams entrain glag as

they move through the slag layer 16.

The buoyancy uplift of molten metal, solid carbon and
slag causes substantial agitation in the metal layer 15 and
the slag layer 16, with the result that the slag layer 16
expands in volume and has a surface indicated by the arrow
30. The extent of agitation is such that there is
reasonably uniform temperature in the metal and the slag
regions - typically, 1450 - 1550°C with a temperature

variation of the order of 30°.

In addition, the upward movement of splashes, droplets
and streams of molten metal and slag caused by the buoyancy
uplift of molten metal, solid carbon, and slag extends into
the top space 31 above the molten material in the vessel

and:
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(a) forms a transition zone 23; and

(b) projects some molten material (predominantly
slag) beyond the transition zone and onto the
part of the upper barrel section 51 of the side
walls 5 that is above the transition zone 23 and

onto the roof 7.

In general terms, the slag layer 16 is a liquid
continuoug volume, with gas bubbles therein, and the
trangsition zone 23 is a gas continuous volume with

splashes, droplets, and streams of molten metal and slag.

The vessgsel further includes a lance 13 for injecting
an oxygen-containing gas (typically pre-heated oxygen
enriched air) which is centrally located and extends
vertically downwardly into the vessel. The position of the
lance 13 and the gas flow rate through the lance 13 are
selected so that under standard operating conditions the
oxygen-containing gas penetrates the central region of the
transition zone 23 and maintains an essentially metal/slag
free space 25 around the end of the lance 13.

In use, under s;andard operating conditions, the
injection of the oxygen-containing gas via the lance 13
post-combusts reaction gases CO and H; in the transition
zone 23 and in the free space 25 around the end of the
lance 13 and generates high temperatures of the order of
2000°C or higher in the gas space. The heat is transferred
to the ascending and descending splashes, droplets, and
streams, of molten material in the region of gas injection
and the heat is then partially transferred to the metal
layer 15 when the metal/slag returns to the metal/slag
layers 15/16.

The free space 25 is important to achieving high
levels of post combustion because it enables entrainment of
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gases in the space above the transition zone 23 into the
end region of the lance 13 and thereby increases exposure
of available reaction gases to post combustion.

The combined effect of the position of the lance 13,
gas flow rate through the lance 13, and upward movement of
splashes, droplets and streams of molten material is to
shape the transition zone 23 around the lower region of the
lance 13 - generally identified by the numerals 27. This
shaped region provides a partial barrier to heat transfer
by radiation to the side walls 5.

Moreover, under standard operating conditions, the
ascending and descending droplets, splashes and streams of
molten material are an effective means of transferring heat
from the transition zone 23 to the molten bath with the
result that the temperature of the transition zone 23 in
the region of the side walls 5 is of the order of 1450°C-
1550°C.

The vessel is constructed with reference to the levels
of the metal layer 15, the slag layer 16, and the
transition zone 23 in the vessel when the process is
operating under standard operating conditions and with
reference to splashes, droplets and streams of molten
material that are projected into the top space 31 above the
transition zone 23 when the process is operating under
steady-state operating conditions, so that:

(a) the hearth and the lower barrel section 53 of the
side walls 5 that contact the metal/slag layers
15/16 are formed from bricks of refractory
material (indicated by the cross-hatching in the
figure);

(b) at least part of the lower barrel section 53 of

the gide walls 5 is backed by water cooled panels
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8; and

(c) the upper barrel section 51 of the side walls 5
and the roof 7 that contact the transition zone
23 and the top space 31 are formed from water

cooled panels 57, 59.

Each water cooled panel 57, 59 (not shown) in the
upper barrel section 51 of the side walls 5 has parallel
upper and lower edges and parallel side edges and is curved
s0 as to define a section of the cylindrical barrel. Each
panel includes an inner water cooling pipe and an outer
water cooling pipe. The pipes are formed into a serpentine
configuration with horizontal sections interconnected by
curved sections. Each pipe further includes a water inlet
and a water outlet. The pipes are displaced vertically so
that the horizontal sections of the outer pipe are not
immediately behind the horizontal sections of the inner
pipe when viewed from an exposed face of the panel, ie the
face that is exposed to the interior of the vessel. Each
panel further includes a rammed refractory material which
fills the spaces between the adjacent straight sections of
each pipe and between the pipes. Each panel further
includes a support plate which forms an outer surface of

the panel.

The water inlets and the water outlets of the pipes
are connected to a water supply circuit (not shown) which
circulates water at high flow rate through the pipes.

The vessel also includes 2 natural gas burners 12
extending downwardly and inwardly at an angle of 30-60° to
the vertical through the side walls 5. As is described
hereinafter, the natural gas burners 12 can be used in a

hold procedure.

The pilot plant work referred to above was carried out
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as a seriesgs of extended campaigns by the applicant at its
pilot plant at Kwinana, Western Australia.

The pilot plant work was carried out with the vessel
shown in the figure and described above and in accordance
with the steady-state process conditions described above.
In particular, the process operated with continuous
discharge of molten iron via the forehearth 81 and periodic
tapping of molten slag via the tap-hole 61.

The pilot plant work evaluated the vessel and
investigated the process under a wide range of different:

(a) feed materials;

(b) solids and gas injection rates;

(c¢) slag inventories - measured in terms of the depth
of the slag layer and the slag:metal ratios;

(d) operating temperatures; and

(e) apparatus set-ups.

In the context of the present invention it was found
in the pilot plant work that is was possible to hold the
process for up to 5 hours with a pool of molten metal in
the vessel and to re-start the process at the end of the
hold period. This finding is significant in terms of
providing a process that is flexible and can minimise shut-

downs of the process.

The applicant found that the following hold procedures

worked successgfully.

1. Situationg in which there is an interruption to the

supply of the oxygen-containing gas.
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The hold procedure includes the following steps.

(a) Stop supply of all feed materials to the vessel,
other than maintaining a low positive flow of
carrier gas to lances/tuyeres 11.

(b) Drain slag from the vesgsel to a point at which
there is a relatively small layer of slag on the

metal layer 15.
(c) Allow the slag to freeze on the metal layer 15.

(d) Add charcocal to the forehearth 81 and stop spray
cooling of the external surface of the forehearth

connection 71.

The applicant found that this procedure maintains the
metal in the vessel in a molten state for greater than
6 hours. In this context, the forehearth 81 is a more
exposed area than the vessel and it is necessary to
monitor the state of the molten metal and take steps
(such as adding extra charcoal to the forehearth
surface) to insulate the metal to reduce heat loss.

Once the supply of oxygen-containing gas has been
restored, the direct smelting process can be re-

started.

Situations in which there is a continuing supply of
oxygen-containing gas and solid carbonaceous material
and it is otherwise necessary to hold metal

production.

(a) In the specific situation where there is
continuing supply of feed materials to the vessel

but it is necessary to stop production of molten
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the hold procedure includes the following

steps:

(1)

(iii)

(v)

(vi)

(vii)

Stop supplying iron ore to the vessel.

Continue supplying solid carbonaceous
material at a reduced amount and carrier gas
via the lances/tuyeres 11 and thereby
generate upward movement of splashes,
droplets and streams of molten material and
solid carbon into the transition zone. The
molten material is projected onto the water
cooled panels, and forms solid layers
predominantly formed from slag that minimise

heat loss via the panels.

Continue to inject oxygen-containing gas at
a reduced amount via the lance 13 and
combust material in the transition zone.
The descending splashes, droplets and
streams of molten material transfer heat to
the molten bath.

Add extra charcoal to the forehearth 81 and
stop spray cooling of the external surface

of the forehearth connection.

Increase pressure in the vessel to a pre-set
upper limit in a series of steps over a time

interval.

Decrease pressure in the vessel to a pre-set
lower limit in a series of steps over a time

interval.

Repeat steps (v) and (vi) and sample the

forehearth temperature and carbon
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periodically.

(viii)Periodically tap slag.

The purpose of varying the pressure is to pulse

molten metal from the vessel into the forehearth 81

and from the forehearth 81 into the wvessel to

circulate molten metal through both regions. The

circulation of molten metal ensures that there is

relatively uniform temperature of the molten metal and

avoids local freezing of the metal.

(b)

In the specific situation where there is a loss

of coal feed but continuing supply of other feed

material, the hold procedure includes the

following steps:

(1)

Stop supplying iron ore to the vessel and
maintain a positive flow of carrier gas into
the vessel via the solids injection

lances/tuyeres 11;

Decrease the flow rate of the oxygen-
containing gas via the lance 13 to a lower
flow rate and inject natural gas into the
vesgel via the burners 12. The natural gas
combustsg in the vessel and generates heat
that maintains the temperature within the

vessel.

(iii)add extra charcoal to the forehearth 81 and

(iv)

stop spray cooling of the forehearth outlet.

Increase pressure in the vessel to a pre-set
upper limit in a series of steps over a time

interval.
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(v) Decrease pressure in the vessel to a pre-set
lower limit in a series of steps over a time

interval.

(vi) Repeat steps (iv) and (v) and sample the
forehearth temperature and carbon

periodically.

Depending on the estimated time before coal feed can
be re-established, it may be appropriate to reduce the
amounts of molten metal and slag in the vessel to minimum

levels.

Once coal supply has been re-established the
preferred start-up procedure is to heat and carburise the
molten metal to approximately 1450°C and saturated carbon

and then ramp up feed material supply.

Many modifications may be made to the preferred
embodiments of the process of the present invention as
described above without departing from the spirit and scope

of the present invention.
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CLAIMS:

1. A process for producing molten metal from a
metalliferous feed material 1in a vessel that

contains a molten bath having a metal layer and a

slag layer on the metal layer, the ©process
comprising:

{a) 1injecting carrier gas,

metalliferous feed material, and

solid carbonaceous material, into

the molten bath via a plurality of
solid material injection
lances/tuyeres positioned above and
extending towards the surface of
the metal layer and causing molten
material to be projected from the
molten bath as splashes, droplets
and streams intoc a space above a
nominal quiescent surface of the
molten bath to form a transition

zone;

(b) smelting the metalliferous feed
material to a metal in the molten
bath;

(c) 1injecting oxygen-containing gas
into the wvessel via one or more
than one lance/tuyere and post-
combusting reaction gases released
from the molten bath, whereby the
ascending and thereafter descending
splashes, droplets and streams of
the molten material in the
transition zone facilitate Theat

transfer to the molten bath;

(d) tapping the molten metal and molten

slag as required from the vessel;
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holding the process for situations
in which it 1s necessary to stop
production of the molten metal for
a period of time other than
situations in which there has been
an interruption to a supply of the
oxygen-containing gasg, the solid
carbonaceous material or a
combination of both to the process,

the holding step comprising:

(i) stopping supply of the
metalliferous feed material

into the vessel;

(ii) continuing to inject the
carrier gas and the solid
carbonaceous material into the
molten bath wvia the solid
material injection lances/
tuyeres and generating
combustible material in the
metal layer and causing the
molten material and the
combustible material to Dbe
projected into the transition

zone; and

(iii) continuing to inject the
oxygen-containing gas into the
vessel via the one or more
than one lance/tuyere and
combusting the combustible
material projected into the
transition zone, whereby the
ascending and thereafter
descending splashes, droplets
and streams of the molten
material in the transition
zone facilitate heat transfer

to the molten bath to maintain
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the temperature of the molten
bath above a temperature at
which the bath freezes.

2. The process according to claim 1 wherein the

hold period of time is up to 5 hours.

3. The process according to claim 1 or 2 wherein
step (d) includes continuously tapping the molten

metal from the vessel.

4. The process according to claim 3 wherein step
(d) includes continuously tapping the molten metal
from the wvessel via a forehearth and the hold
procedure includes varying the pressure in the
vessel and thereby varying the level of molten
metal in the vessel and forcing molten metal from
the vessel into the forehearth and from the

forehearth into the vessel.

5. The process according to claim 4 wherein the
amount of the solid carbonaceous material and the
oxXygen containing gas that is injected into the
vessel is reduced during the hold procedure.

6. The process according to claim 4 wherein the
hold procedure includes periodically adding fluxes
to the molten bath.

7. The process according to any one of the
claims 1 to 6 wherein the solid carbonaceous

material is coal.

8. The process according to any one of the
claims 1 to 7 wherein the holding step further
comprises periodically tapping the molten slag
during the hold period.

9. A process for producing molten metal from a
metalliferous feed material in a vessel that
contains a molten bath having a metal layer and a
slag layer on the metal layer, the process

comprising:
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injecting carrier gas, metalliferous
feed material, and solid carbonaceous
material, into the molten bath via a
plurality of solid material injection
lances/tuyeres positioned above and
extending towards the surface of the
metal layer and causing molten material
to be projected from the molten bath as
splashes, droplets and streams into a
space above a nominal quiescent surface
of the molten bath to form a transition

zone;

smelting the metalliferous feed material

to a metal in the molten bath;

injecting oxygen-containing gas into the
vessel via one or more than one
lance/tuyere and post-combusting
reaction gases released from the molten
bath, whereby the ascending and
thereafter descending splashes, droplets
and streams of the molten material in
the transition zone facilitate heat

transfer to the molten bath;

tapping the molten metal and molten slag

as required from the vessel;

holding the process for situations in
which it is necessary to stop production
of the molten metal for a period of time
and there has been an interruption to a
supply of the solid carbonaceous
material to the process, the holding
step comprising:

(1) stopping supply of the
metalliferous feed material into

the vessel;
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(ii) maintaining a positive pressure of
carrier gas injection via the
solids injection lances/tuyeres;

and

(iii)injecting the oxygen-containing gas
and gaseous or liquid combustible
material into the vessel and
combusting the combustible material

to maintain the temperature.

10. The process according to claim 9 further
comprising the step of decreasing the flow rate of
the oxygen-containing gas from the flow rate for
the standard operating procedure to a lower rate
that is consistent with the hold procedure.

11. The process according to claim ¢ or 10
wherein the combustible material supplied to the

vessel in step (i) includes natural gas.

12. The process according to any one of the
claims 9 to 11 wherein the hold period of time 1is
up to 5 hours.

13. The process according to any one of claims 9
to 12 wherein step (d) further comprises
continuously tapping the molten metal from the

vessel.

14. The process according to claim 13 wherein
step (d) further comprises continuously tapping
the molten metal from the vessel via a forehearth
and the hold procedure includes varying the
pressure in the vessel and thereby varying the
level of molten metal in the vessel and forcing
molten metal from the vessel into the forehearth
and from the forehearth into the vessel.

15. The process according to any one of claims 1
to 14 wherein fluxes are injected into the molten
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bath along with the carrier gas, the metalliferous

feed material and the solid carbonaceous material.
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