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(57) Abrégée/Abstract:

A direct smelting process and a fixed, ie non-rotatable, metallurgical vessel for producing metal from a metalliferous feed material is
disclosed. The process Is a molten bath-based process which includes injecting solid feed materials with a carrier gas into the
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(57) Abrege(suite)/Abstract(continued):

molten bath via one or more downwardly extending lance/tuyere (11) and causing gas flow from the molten bath at a flow rate of at
least 0.30 Nm?/s/m? at the interface between the metal layer (15) and the slag layer (16) of the molten bath (under quiescent
conditions).
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A B STRACT

| A direct smelting process and a fixed, ie non-
rotatable, metallurgical vessel for producing metal f£from a
metalliferous feed material is disclosed. The process isg a
molten bath-based process which includes injecting solid
feed materials with a carrier gas into the molten bath via
one or more downwardly extending lance/tuyere (l1ll1l) and
causing gasgs flow from the molten bath at a flow rate of at
leagt 0.30 Nm’/s/m’ at the interface between the metal
layer (15) aqd the slag layer (16) of the molten bath
(under quiescéhi: conditions).




10

15

20

25

30

35

CA 02320654 2000-09-26

A DIRECT SMELTING PROCESS

The present 1lnvention relates to a process for
producing molten metal (which term includesg metal allovs),
in particular although by no means exclusively iron, from
metalliferous feed material, such as ores, partially
raduced orezs and metal-containing waste streams, in a
metallurgical vessel containing a molten bath.

The present invention relates particularly to a
molten metal bath-based direct smelting process for
producing molten metal from a metalliferous feed material.

The most widely used procesgss for producing molten
iron is based on the use of a blast furnace. Solid
material 18 charged into the top of the furnace and molten
iron is tapped from the hearth. The s0lid material
includesg iron ore (in sinter, lump or pellet form), coke,
and fluxeg and forms a bemea.ble burden that moves
downwardly. Preheated air, which may be oxygen enriched,
is injected into the bottom of the furnace and moves
upwardly through the permeable bed and generatesg carbon
monoxide and heat by combustion of coke. The result of
these reactions is to produce molten iron and slag.

A process that produces iron by reduction of iron
ore below the melting point of the irom produced is
generally classified as a “direct reduction process” and

the product is referred to as DRI.

The FIOR (Fluid Iron Ore Reduction) process is an

example of direct reduction process. The process reduces

iron ore fines ag the fines are gravityv-fed through each
reactor in a geries of fluld bed reactorsgs. The fines are

reduced in solid state by compressed reducing gas that
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enters the bottom of the lowest reactor in the series and
flows counter-current to the downward movement of fines.

Other direct reduction processes include moving
shaft furnace-based processes, static shaft furnace-based
processes, rotary hearth-based processes, rotary kiln-based
processes, and retort-based processes.

The COREX process includes a direct reduction
process as one stage. The COREX process produces molten
iron directly from coal without the blagt furnace
requirement of coke. The COREX process includes 2-gtage
operation in which:

(a) DRI is produced in a shaft furnace from a
permeable bed of iron ore (in lump or pellet
form) and fluxes; and

(b) the DRI is then charged without cooling into
a connected melter gasifier and melted.

Partial combustion of coal in the fluidised bed
of the melter gasifier produces reducing gas for the shaft
furnace.

Another known group of processes for producing

iron is based on cyclone converters in which iron ore is

melted by combustion ¢of oxygen and reducing gas in an upper
melting cyclone and is smelted in a lower amelter
containing a bath of molten iron. The lower smelter
generates the reducing gas for the upper melting cyclone.

A process that produces molten metal directly

from ores (and pPartially reduced ores) is generally
referred to as a “direct smelting process”.

One known group of direct smelting procegsgses is
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based on the use of electric furnaces as the major source
of energy for the smelting reactions.

Another known direct smelting process, which is
generally referred to as the Romelt process, is based on
the use of a large volume, highly agitated slag bath as the
medium for smelting top-charged metal oxides to metal and
for post-combusting gaseous reaction products and
transferring the heat as required to continue Smelting
metal oxides. The Romelt process includes injection of
oxygen enriched air or oxvgen into the slag via a lower row
of tuyeres to provide slag agitation and injection of
oxygen into the slag via an upper row of tuveres to promote
post-combustion. In the Romelt process the metal layer is
not an important reaction medium.

Another known group of direct smelting processes
that are slag-based 18 generally described as "deep Blag”
processes. These processes, such as DIOS and AIST
processes, are based on forming a deep layer of sglag. As
with the Romelt process, the metal laver below the slag
layer 1s not an important reaction medium.

Another known direct smelting process which
relies on a molten metal layer as a reaction medium, and is
generally referred to as the HIsmelt process, is desgscribed
in International application PCT/AU96/00197 (WO 96/31627)
in the name of the applicant.

The HIsmelt process as described -in the
International application comprises:

(a) forming a molten bath having a metal laver

and a slag layer on the metal laver in a
vegssel;

(b) injecting into the bath:

shV b s ahre il b rwdplie o Wb | o AL M
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(1) a metalliferous feed material,
typically metal oxides; and

(11) a so0lid carbonaceocus material,
typically coal, which acts as a
reductant of the metal oxides and a

source of energy; and

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

The HIsmelt process also comprises post-
combusting reaction gases, such ag CO and H,, released from
the bath in the gpace above the bath with oxygen-containing
gas az;d transferring the heat generated by the post-
combustion to the bath to contribute to the thermal enerqgy
required to smelt the metalliferous feed materials.

The HIsmelt process alsco comprises forming a
transition zone above the nominal quiescent surface of the
bath in which there are ascending and thereafter descending
droplets or splashes or streams of molten metal and slag
which provide an effective medium to transfer to the bath
the thermal energy generated by post-combusting reaction
gases above the bath.

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

This form of the HIsmelt process ig an
improvement over earlier forms of the process which form
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the transition zone by bottom injection of carrier gas and
gsolid carbbnaceous material through tuyeres into the bath

which causes droplets, splashes and streams of molten
material to be projected from the bath.

>
The applicant has carried out extensive pilot
Plant work on the above-described preferxred form of the
Hismelt process and has made a gseries of significant
findings in rélation to the process.
10

One of the findings made by the appl icant, which
forms the basis of the present invention, is that the

15 bath should be at least 0.30 Nm’/s8/m* at the location of
the interface of the metal layer and the slag layer (under
quiescent conditions) to establish the transition zone so

that there is heat transfer to the molten bath at an
effective rate.

20

Heat transfer efficiency is a measure of the
amount of the available energy generated by post combustion
that 1s transferred to the molten bath. It is also a
measure of the amount of the available energy generated by

25 post combustion that is lost from the vessel (via discharge

of off-gas above bath temperature and heat transfer via the
side walls and roof of the vessal).

The minimum bath-derived gas flow rate of
30 0.30 Nm’/s/m* at the interface of the metal layer and the
slag layer (under gquiescent conditions) ensureg that there
is sufficient buoyancy uplift of splashes, droplets and

streamg of molten material from the molten bath into the
transition zone to maximise:
35

(a) heat transfer to the molten bath via
subsequently descending splashes, droplets




10

15

20

25

30

CA 02320654 2009-06-11

and streams of molten material; and

(b) contact of molten material with the side
walls of the vessel which forms a protective
layer of slag that reduces heat 1loss from the

vessel.

Ttem (b) above 18 a particularly important
consideration 1in the context of the preferred vessel
construction of the present invention which includes water
cooled panels that form the side walls 1n the upper barrel
section and optionally the roof and water-cooled refractory
bricks that form the side walls 1in the lower barrel section

of the wvessel.

In general terms, the present invention 1s a direct
smelting process for producing metal from a metalliferous
feed material i1in a fixed metallurgical vessel having side

walls, which process includes the steps of:

(a) forming a molten bath of molten material, the
molten bath having a metal layer and a slag layer

on the metal layer 1n the vessel;

(b) injecting at least one among the
metalliferous feed material and a solid
carbonaceous material with a carrier gas 1nto the
molten bath wvia one or more than one downwardly
extending first 1lance/tuyere and smelting the
metalliferous material in the molten bath,

whereby solids and gas 1njection causes a gJgas

aunde.

flow from the molten bath at a flow rate of at
least 0.50 Nm’/s/m° at a location of an interface
between the metal layer and the slag layer, which
gas flow entrains some of the molten material in
the molten bath and carries the entrained molten

material upwardly as splashes, droplets and
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streams and forms a transition zone 1n a gas
continuous space 1n the vessel above the slag
layer, whereby the splashes, the droplets and the
streams of the molten material contact the side

walls of the vessel and form a protective layer

of slag; and

(c) injecting an oxygen-contalning gas into the
vessel via one or mwore than one second
lance/tuyere and post-combusting reaction gases
released from the molten bath, whereby the
splashes, the droplets and the streams ascend and
thereafter descend to facilitate heat transfer to
the molten bath, and whereby the transition zone
minimises radiation heat loss from the vessel via

the side walls in contact with the transition

ZOIlEC.

The above-described gas flow rate of at 1least
0.30 Nm’/s/m?* at the location of the interface of the metal
layer and the slag layer (under quiescent conditions) 1s a
substantially higher bath-derived gas flow rate than the
Romelt process and the deep-slag process such as the DIOS
and AISI processes described above and 1s a significant
difference between the process of the present invention and

these known direct smelting processes.

By way of particular comparison, US patent 5,078,785
of Ibaraki et al (assigned to Nippon Steel Corporation)
discloses a particular form of a deep-slag process u.sing a
rotatable vessel and discloses bottom injection of gas into
a metal layer for the purpose of metal bath agitation. The
paragraph commencing at line 17 of column 14 discloses that
1t 1s preferred that the ™"metal bath agitation force"
generated by the bottom gas injection be no more than 6kW/t.

The US patent discloses that at
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higher levels of agitation there may be undos:l.ra.bly high
levels 6£ ‘iron dust generation. On the basis of the
information provided in the paragraph commencing at line 21
of column 14, a maximum metal bath agitation force of 6kW/t
corresponds to a maximum bath-derived gas flow rate of 0.12
Nm’/s/m? at the interface between the metal layer and the
slag layer. This maximum gas flow rate is copsidei:ably
below the minimum flow rate of 0.30 Nm’/s/m* of the present

invention.

Preferably the process includes smelting
metalliferous material to metal mainly in the metal layer.

Preferably the solids and gas injection in step
(b) causes gas flow from the molten bath substantially
across the interface between the metal laver and the metal

slag layer (under quiescent conditions).

Preferably the gas flow rate is at least 0.35
Nm’/s/m’, more preferably at least 0.50 Nm’/s/m?, at the
location of the interface between the metal layer and the

slag layer (under gquiescent conditions).

Preferably the gas flow rate isg less than 0.90
Nm'/s/m? at the location of the interface between the metal

layer and the slag layer (under quiescent conditions).

Typically, the splashes, droplets and streams of
molten material entrain further molten material

(particularly slag) as they move upwardly. -

Typically, slag is a major part and molten metal

is the remaining part of the molten material in the
splashes, droplets and streams of molten material.

The term “smelting” is understood herein to mean
thermal processing wherein chemical reactions that reduce
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metal oxides take place to produce ligquid metal.

The term “metal layer” is understood herein to
mean that region of the bath that is predominantly metal.

5 Specifically, the term covers a region or zone that

includeg a dispersion of molten slag i1n a metal continuous
volume.

The term “slag layer” is understood herein to
10 mean that region of the bath that is predominantly slag.
Speciflically, the term covers a region or zone that

15 | Preferably the transition zone extends above the
ala§ layer.

It 18 preferred that the level of dissolved
carbon in metal be greater than 4 wt%.

20

It is preferred that the concentration of FeO in
the slag layer be below 5 wt%.

It 1s preferred that the process further
25 comprises selecting the amount of the solid carbonaceous
material injected into the molten bath to be greater than
that required for smelting the metalliferous feed and for
generating heat to maintain reaction rates such that dust

entrained in off-gas leaving the vessel contains at least
30 some excess carbon. -

It is preferred that the concentration of solid
carbon in dQust in off-gas from the vessel be in the range

Oof 5 to 90 wt%s (more preferably 20 to 50 wt%) of the welght

35 Oof dust in the off-gas at a rate of dust generation of 10-
50g/Nm’ in the off-gas.
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~ The injection of metalliferous material and
carbonacecius material may be through the same lance/tuyere
Oor separate lanceg/tuyeres.

The trangition zone is quite different to the
slag layer. By way of explanation, under stable operating
conditions of the process the slag layer comprisés gas
bubbles in a liqui.'d continuous volume whereas the
trangition zone comprises splashes, droplets, and streams
of molten material, predominantly slag, in a gas continuous
volume. |

Preferably step (c) of the process post-combusts
reaction gases , such as carbon monoxide and hydrogen,
generated in the molten bath, in a top space (including the
transition zone) above the surface of the molten bath and
transfers the heat generated by the post-combustion to the
molten bath to maintain the temperature of the molten bath
- as 1is essential in view of endothermic reactions in the.
molten bath. |

Preferably the one or more than one oxvgen-
containing gas injection lance/tuyere ig positioned to
inject the oxygen-containing gas into a central region of

the vessel.

The oxygen-containing gas may be oxygen, air or
oxygen enriched air containing up to 40% oxyvgen by volume.

Preferably the oxygen-containing gas is air.
More preferably the air is pre-heated.
Typically, the air is preheated to 1200°C.

The air may be oxygen enriched.

Tamee v ek bl ow s Eders 54 BV EL-Cn,
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Preferably step (¢) of the process operates at
h:l.gh levels, ie at least 40%, of post-combustion, where
post-combugtion is defined as:

[CO;] + [H:IOJ
[CO:] + [H;0] + ([CO] + [H:]

where:

[CO:] = volume % of CO; in off-gag;

[H;0] = volume % of H,O0 in off-gas;
[CO] = volume % of CO in off-gas; and
[H;] = volume % of H, in off-gas.

| In some instanceg a supplementary source of solid
or gaseous carbonaceous material (such as coal or natural
gas) may be injected into the off-gas from the vessgel in
order to capture thermal energy in the form of chemical

energy.

An example of such supplementary injection of
carbonaceous material ig injection of natural gas which
cracks and reforms, and thus cools, the off-gas whilst

enriching its fuel value.

The supplementary carbonaceous material may be
added in the upper reaches of the veggel or in the off-gas
duct after the off-gas has left the vessel.

Preferably the process operategs at a post-
combustion greater than 50%, more preferably greater than

60%.

Preferably, the one or more than one lance/tuyere
extend through the side walls of the vessel and are angled
downwardly and inwardly towards the metal laver.

'
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.- Preferably the location and operating parameters
of the oneé’ Oor more than one lance/tuyere that injects the
oxygen-containing gas and the operating parameters that
control the transition zone are selected so that:

(a) the oxygen-containing gas 18 injected
towards and penetrates the transition zone;

(b) the transition zone extends upwardly around
the lower section of the or each
lance/tuyere and thereby ghields to some
degree the side walls of the vessel from the

~combustion zone generated at the end of the
Or each lance/tuvere; and

(c) there is gas continuous space described ag a
“free space” which contains practically no
metal and slag around the end of the or each

lance/tuyere.

Item (¢) above 1s an important feature becauge it
makes it possible for reaction gases in the top space of
the vessel to be drawn into the region at the end of the or
each lance/tuyere and be post-combusted in the region.

Preferably the process maintains a relatively
high (but not too high) slag inventory and uses the amount
of slag as a means of controlling the process.

The term “relatively high slag inventorxry” may be
understood in the context of the amount of s8lag compared to
the amount of metal in the vesasel.

Preferably, when the process is operating under
stable conditiong, the weight ratio of metal:glag is
between 4:1 and 1:2.
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-~ - More preferably the weight ratio of metal:slag is
between 3:1 and 1:1.

It is preferred particularly that the metal:slag
weight ratio be between 2:1 and 1:1.

The term relatively high slag inventory may also
be understood in the context of the depth of slag in the
vessel.

Preferably the process includes maintaining the

high slag inventory by controlling the slag layer to be 0.5

to 4 metres ci_ggp under stable operating conditions.

More preferably the process includes maintaining
the 'high slag inventory by controlling the slag laver to be
1.5 to 2.5 metres deep under stable operating conditions.

It i8 preferred particularly that the process
includes maintaining the high slag inventory by controlling
the slag layer to be at leagt 1.5 metres deep under stable
operating conditions.

The amount of slag in the slag laver of the
molten bath has a direct impact on the amount of slag that
ig8 in the glag-rich transition =zone.

The slag is important in the context of
minimising heat lossg via radiation from the transition =zone
to the side walls of the vesgsel. -

If the slag inventory is too low there will be
increased exposure of metal in the slag-rich transition
zone and therefore increased oxidation of metal and the

potential for reduced post-combustion.

If the slag inventory is too high then the one or
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more than one oxygen-containing gas injection lance/tuyere
become i:;uried in the transition zone and this minimises

movement of top space reaction gases to the end of the or
each lance/tuyere and, as a consequence, reduces potential

for post-combustion.

According to the present invention there is
provided a fixed, ie non-rotatable, vessel which produces
metal from a metalliferous feed material by a direct
smelting process, which vessel contains a molten bath
having a metal layer and a slag layer on the metal laver
and has a gas continuous space above the slag layer, which

vesgsel inclqus:
(a) a shell;

(b) a bearth formed of refractory material
‘having a base and sides 1n contact with the

molten bath;

(¢) side walls which extend upwardly from the
sides of the hearth and are in contact with

the slag layer and the gas continuous sgpace.

whereln the side walls that contact the gas

continuous space include water cooled panels

and a layer of slag on the panels;

(d) one or more than one lance/tuyvyere extending
dowvnwardly into the vessel and injecting an

oxygen-containing gas into the vessel above
the maetal laver:;

(e) one or more than one downwardly and inwardly

extending lance/tuyere injecting at leasgt
part of the metalliferous feed material
and/ox a:. carbonaceous material with a
carrier gas into the molten bath s0 as to

it 1 %Wﬂwm Mot e Tmem ke s sheh ey 2 s e el A | Mhirl WA e AP L A . L A S S Ao vieraiadimin syt
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genarate bath-derived gas flow at a rate of
at least 0.30 Nm’/s/m®’ at the location of
the interface between the metal laver and
the slag layer (under quiescent conditions)
and resgultant buoyancy uplift of molten
material from the metal layer and the slag
layer;

(£) a transition zone formed by ascending and
thereafter descending splashes, dropletg and
streams of molten material in the gas
continuous space above the slag layer with
some of these splashes, droplets and streams
';:ontacting the side walls of the vessel and

forming a laver of molten material on the
side wali'a; and

(g) a means for tapping molten metal and slag

from the vessgel.

Preferably the so0lids and gas injection via the
lance/tuyere or lances/tuyeresgs generates gas flow from the
molten bath substantially across the interface between the
metal layer and the slag layer (under quiescent
conditions). |

Preferably the vessel includes a cvlindrical
hearth and side walls which form a cylindrical barrel
extending from the hearth.

The metalliferous feed material may be any
suitable material and in any suitable form. A preferred
metalliferous feed material is an iron containing material.
The iron-containing material may be in the form of ores,
partially reduced ores, DRI (direct reduced iron), iron
carbide, millscale, blast furnace dust, sinter fines, BOF
dust or a mixture of such materialg.
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‘In the case of partially reduced ores, the degree
of pre-reduction may range from relatively low levelsg (eg
to FeO) to relatively high levels (eg 70 to 95%
metallisgsation).

In this connection, the process further includes
partially reducing metalliferocus ores and thereafter
injecting the partially reduced ores into the molten bath.

The'metalliferous feed material may be pre-
heated.

-

The carrier gas may be any suitable carrier gas.

It is preferred that the carrier gas be an
oxygen-deficient gas.

It is preferred that the carrier gas comprise

nitrogen.

The present invention is described further by way
of example with reference to the accompanying drawings of

which:

Figure 1 is a vertical section through a
metallurgical vegsel illustrating in schematic form a
preferred embodiment of the process of the present

invention;

Figure 2 1s a graph of heat transfer efficiency
vs flow rate of bath derived gases fox campaign.8.1 of the
pilot plant work carried out by the applicant; and

Figure 3 is a graph of heat transfer efficiency
ve flow rate of bath derived gases for campaign 8.2 of the
pilot plant.
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The following description is in the context of
smelting 1iron ore to produce molten iron and it 1is
understood that the present invention 1s not limited to this
application and 1is applicable to any suitable metallic ores
and/or concentrates - including partially reduced metallic

ores and waste revert materials.

The wvessel 10 shown in Figure 1 1is a fixed, 1s non-
rotatable, +vessel that has a c¢ylindrical 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, the vessel 10 contains a molten bath of iron
and slag which 1includes a 1layer 15 of molten iron and a
layer 16 of molten slag on the metal layer 15. The arrow
marked by the numeral 17 1indicates the position of the
nominal gquiescent surface of the metal layer 15 and the
arrow marked by the numeral 19 indicates the position of
nominal gquiescent surface of the slag layer 16. The term
"quiescent surface" 1is understood to mean the surface when

there 1s no injection of gas and solids into the vessel 10.

The wvessel 10 also 1includes 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 16. The position of the lances/tuyeres
11 1s selected so that the lower ends are above the
quiescent surface 17 of the iron layer 15 under steady-state

process condlitions.
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'In use, iron ore, solid carbonaceocus material
(typically coal), and fluxes (typically lime and magnesia)
entrained in a carrier gas (typically N;) are injected into
the metal layer 15 via the lances/tuyeres 11. The momentum
of the s0lid material/carrier gas causes the s0lid material
and gas to penetrate the metal layver 15. The coal is
devolatilised and theredby produces gas in the metal laver
15. Carbon partially dissclves into the metal and
partially remains as solid carbon. The iron ore is smelted
to metal and the smelting reaction generatesg carbon
monoxide gas. The gases transported into the metal laver
15 and generated via devolatilisation and smelting produce
significant bu;irancy uplift of molten metal, solid carbon,
ai:-.d élag (drawn into the metal laver 15 as a consequence of
soli'd/.gas/ injection) from the metal layer 15 which
generates an upward movement of splashes, droplets and
streamg of molten material, and these splashes, and
droplets, and streams entrain slag as they move through the

slag layer 16.

The applicant has found in the pllot plant work
that generating gas flow from the molten bath at a rate of
at least 0.30 Nm’/s/m*® of the area of the metal layer 15 at
the gquiescent metal level 17 (le at the interface of the
metal layer 15 and the slag layer 16 under gQuiescent
conditions), preferably substantially across the area,
causes substantial agitation in the metal layer 15 and the
slag layer 16, with the result that:

(a) the slag laver 16 expands in volume and has
a surface indicated by the arrow 30; and

(b) the metal layer 15 and the slag layer 16 are
each substantially homogenous in that there
are reasonably uniform temperatures
throughout each layer, typically, 1450-
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1550°C and reasonably uniform composgitions
throughout each layer.

In addition, the applicant has found in the pilot
plant work that the above-described gag flow rate and
regultant buoyancy uplift of molten material and solid

carbon produces:
(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 wallgs 5 that ig above the
transition zone 23 and onto the roof 7.

In general terms, the slag laver 16 isg a ligquid
continuous volume, with gas bubbles therein, and the

transition zone 23 is a gas continuous volume with
splashes, droplets, and streams of molten metal and slag.

The vessel further includes a lance 13 for
injecting an oxygen-containing gas (typlcally pre-heated
oxygen enriched alr) which is centrally located and extendsg
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 steady-state process conditions the
oxygen-containing gas penetrates the central region of the
transition zone 23 and maintains an essentially metal/slag
frea .space 25 around the end of the lance 13.

In use, 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
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droplets, and streams, of molten material in the region of

gas injection and the heat is then partially transferred to
the iron laver 15 when the metal/slag returns to the iron

layexr 15.

The free space 25 is important to achieving high
levels of post combustion, ie more than 40%, because it

enables entrainment of 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 pogition of the lance
13, gas flow r;{:e through the lance 13, and upward movement
of sﬁ;ashes, droplets and streams of molten material is to
sha;;e 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, the ascending and descending droplets,
splashes and streams of molten material i1s an effective
meang 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 18 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 steady-state process 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 isg operating under
steady-state operating conditions, so that:

. (a) the hearth and the lower barrel section 53




10

15

20

25

30

35

CA 02320654 2000-09-26

- 21 -

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 side walls 5 is backed by water
cooled panels 8; and

(c) the upper barrel section 51 of the side
walls S5 and the roof 7 that contact the
transition zone 23 and the top space 31 are

, formed from water cooled panels S7, 59.

) Each of the water coocled panels 8, 57, 59 has
paréllel upper and lower edges and parallel side edges and
is curved s0 as to define a gection 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 gections |
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, le the face that is exposed to the interior
Oof the vessel. Each panel further includes a rammed
refractory material which £ills the spaces between the
adjacent straight sections of each pipe and between the

pipes.

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 pilot plant work referred to above wasg
carried out as a series of extended campaigns by the
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applicant at its plilot plant at Kwinana, Western Australia.

The pilot plant work was carried out with the
vessel shown in Figure 1 and described above and in

5 accordance with the 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. In the context of the

present invention it is relevant to note that the hearth
10 diameter was 2.74 m.

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

15 | :. (a) feed materials;
(b) s8o0lids and gas injection rates;

(c) slag inventories - nmeasured in terms of the

20 depth of the slag layer and the slag:metal
ratios;
(d) operating temperatures; and
25 (e) appafatus set-ups.

Figures 2 and 3 are graphs which plot the
relationship between heat transfer efficiency (HTE-TS) and

the flow rate of bath derived gases (expressed as kNm’/h)
30 for two of the pilot plant campaigns.

The heat transfer efficiency is the amount of energy
generated by post combustion that is transferred to the
molten bath divided by the total amount of energy generated

35 Dby post combusgtion, expressed as a percentage. If the off-
gas 1s substantially at bath temperature, it is fair to say
that high heat transfer efficiencies are an indication of
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jow heat loss from the vessel (which occurs principally via

the side walls).

It is evident from Figures 2 and 3 that there were

S sharp increases in heat transfer efficiency at bath-derived
gas flow rates of approximately 7.5 kNm’/h. This amount
corresponds to 0.32 Nm'/s/m’ at the interface between the
metal layver 15 and the slag layer 16 of the vessel under

quiescent conditions.

10
Many modifications may be made to the preferred
embodiment of the present invention described without
departing f£rom the spirit and scope theory.
15 | ' Wwhilst the preferred embodiment of the present

invenﬁion generates bath-derived gas flow from the metal
laver due to solid materlal/carrier gas injection through
the lances/tuvereg 11, the present invention extends to
arrangements in which there is a minor contribution to

20 bath-derived gas flow by bottom/side injectlion of gas.
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CLAIMS:

1. A direct smelting process for producing metal from
a metalliferous feed material 1in a fixed metallurgical

vessel having side walls, which process 1includes the steps

Of :

(a) forming a molten bath of molten material, the
molten bath having a metal layer and a slag layer

on the metal layer 1n the vessel;

(b) injecting at least one among the
metalliferous feed material and a solid
carbonaceous material with a carrier gas 1into the
molten bath wvia one or more than one downwardly
extending first lance/tuyere and smelting the
metalliferous material in the molten bath,
whereby solids and gas 1njection causes a gas
flow from the molten bath at a flow rate of at
least 0.50 Nm’/s/m° at a location of an interface
between the metal layer and the slag layer, which
gas flow entrains some of the molten material 1n
the molten bath and carries the entrained molten
material upwardly as splashes, droplets and
streams and forms a transition =zone 1n a gas
continuous space 1n the vessel above the slag
layer, whereby the splashes, the droplets and the

streams of the molten material contact the side

walls of the wvessel and form a protective layer

of slag; and

(c) 1njecting an oxygen-containing gas 1nto the
vessel via one Or more than one second
lance/tuyere and post-combusting reaction gases

released from the molten Dbath, whereby the
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splashes, the droplets and the streams ascend and
thereafter descend to facilitate heat transfer to
the molten bath, and whereby the transition zone
minimises radiation heat loss from the vessel via
the side walls in contact with the transition

ZOIle .

2. The process defined 1in c¢laim 1 wherein the
metalliferous material 1s smelted to metal mainly 1in the

metal layer.

3. The process defined in c¢laim 1 or 2 wherein the

solids and gas 1njection 1n step (b) causes the gas flow

from the molten bath substantially across the 1interface

between the metal layer sad the metal slag layer.

4, The process defined 1in any one of claims 1 to 3

wherein the transition zone extends above the slag layer.

5. The process defined 1n any one of claims 1 to 4
wherein metal dissolved carbon 1s at a level that 1s greater

than 4 wt%.

6. The process defined 1n any one of claims 1 to 5
wherein a concentration of FeO in the slag layer is below 5

wt%.

7. The process defined 1n any one of claims 1 to 6
wherein the process further includes selecting an amount of
the solid carbonaceous material 1injected 1into the molten
bath to Dbe greater than that required for smelting the
metalliferous feed material and for generating heat to
malntaln reaction rates such that dust entrained in off-gas

leaving the vessel contains at least some excess solid

carbon.
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8 . The process defined in c¢laim 7 wherein a

concentration of the solid carbon in the dust 1n the off-gas

from the vessel is in a range of 5 to 90 wt% of the weight

ph—

of the dust in the off-gas at a rate of generation of the

dust of 10-50 g/Nm’ in the off-gas.

9. The process defined 1n c¢laim 8 wherein the
concentration of the solid carbon 1n the dust i1n the off-gas

from the vessel i1is between 20 and 50 wt%.

10. The process defined 1in any one of claims 1 to 9

wherein the injection of the metalliferous material and the

carbonaceous material in step (b) 1s through the same first
lance/tuyere or through separate ones of the first

lances/tuyeres.

11. The process defined 1n any one of claims 1 to 10
wherein the oxygen-containing gas 1s oxygen, air or oxygen

enriched alr containing up to 40% oxygen by volume.

12. The process defined in any one of claims 7 to 9

wherein step (¢) operates at at least 40% of post-

combustion, where the post-combustion is defined as:

CO, |+[H,0]
CO, [+[H,0]+[COl+|H, ]

where:

[CO;] = volume % of CO, in the off-gas;
[H, O] = volume % of H,O 1in the off-gas;
[CO] = volume % of CO i1n the off-gas; and
[H;] = volume % of H, in the off-gas.

13. The process defined in any one of claims 1 to 12
wherein step (b) includes injecting the solids and gas into

the molten Dbath via said one or more than one first
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lance/tuyere that is extending through the side walls of the

vessel and angled downwardly and inwardly towards the metal

layer.

14. The process defined 1n any one of claims 1 to 13
wherein step (¢) 1includes 1injecting the oxygen containing

gas 1nto the vessel via sald one or more than one second

lance/tuyere so that:

(a) the oxygen-contalining gas 1s 1njected towards

and penetrates the transition zone;

(b) the transition zone extends upwardly around a

ph—

lower section of the or each second lance/tuyere

and thereby shields to some degree the side walls
of the vessel from a combustion zone generated at

an end of the or each second lance/tuyere; and

(c) the gas continuous space described contains
practically no metal and slag around the end of

the or each second lance/tuyere.
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