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A DIRECT SMELTING PROCESS

The present invention relates to a process for
producing molten metal (which term includes metal alloys),
in particular although by no means exclusively iron, from
metalliferous feed material, such as ores, partly reduced
ores and metal-containing waste streams, in a metallurgical

vesgel 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 process for producing molten
metal is based on the use of a blast furnace. Solid
material is charged into the top of the furnace and molten
iron is tapped from the hearth. The s80l1lid material
includes iron ore (in sinter, lump or pellet form), coke,
and fluxes and forms a permeable burden that moves
downwardly. Preheated air, which may be oxygen enriched,
ig injected into the bottom of the furnace and moves
upwardly through the permeable bed and generates 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 iron 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 as the fines are gravity-fed through each
reactor in a series of fluid bed reactors. The fines are
reduced by compressed reducing gas that enters the bottom
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of the lowest reactor in the series and flows counter-

current to the downward movement of fines.

Other direct reduction processes include moving

5 gshaft furnace-based processesg, static shaft furnace-based

processes, rotary hearth-based processes, rotary kiln-based
processes, and retort-based processes.

The COREX process produces molten iron directly
10 from coal without the blast furnace requirement of coke.

The process includes 2-stage operation in which:

(a) DRI 1is produced in a shaft furnace from a

permeable bed of iron ore (in lump or pellet
15 | form), coal and fluxes; and

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

20 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

25 molten iron is based on cyclone converters in which iron
ore is melted by combustion of oxyvgen and reducing gas in

an upper melting cyclone and is smelted in a lower smelter

containing a bath of molten iron. The lower smelter

generates the reducing gas for the upper melting cyclone.

30
A process that produces molten metal directly
from ores is generally referred to as a “direct smelting
process’” .
35 One known group of direct smelting processes is

based on the use o0f electric furnaces as the major source
of energy for the smelting reactions.
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Another known direct smelting process, which is
generally referred to as the Romelt procesgs, 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 oxygen into the glag 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 laver is

not an important reaction medium.

Another known group of direct smelting processes
that are slag-based is generally described as “deep slag”
processes. These processes, such as DIOS and AISI
procesgsses, are based on forming a deep laver of slag with 3
regions, namely: an upper region for post-combusting
reaction gases with injected oxygen; a lower region for
smelting metal oxides to metal; and an intermediate region
which separates the upper and lower regionsg. As with the

Romelt process, the metal layer below the slag laver is not
an important reaction medium.

Another known direct smelting process which
relies on a molten metal lavyer as a reaction medium, and is
generally referred to as the HlIsmelt process, is described

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 bath of molten iron and slag in a
vesgsel;
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(b) 1injecting into the bath:

(i) metalliferous feed material, typically
metal oxides; and

(ii) a solid carbonaceous material,
tvypically coal, which acts asgs a
reductant of the metal oxides and a

source of energy; and

(c) smelting the metalliferous feed material to

metal in the metal layvyer.

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

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

The HIsmelt process as described in the
International application is characterised by forming the
transition zone by injecting a carrier gas and
metalliferous feed material and/or solid carbonaceous
material and/or other solid material into the bath through
a section of the side of the vessel that is in contact with
the bath and/or from above the bath so that the carrier gas
and the so0lid material penetrate the bath and cause molten

metal and/or slag to be projected into the space above the
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surface of the bath.

The HIsmelt process as described in the
International application is an improvement over earlier

5 forms of the HIsmelt process which form the transition zone
by bottom injection of gas and/or carbonaceous material
into the bath which causes droplets and splashes and
streams of molten metal and slag to be projected from the

bath.

10
The applicant has carried out extensive pilot

plant work on the HIsmelt process and has made a series of

significant findings in relation to the process.

15 In summary, there is a direct smelting process for

producing metals from a metalliferious feed material according to

one aspect of the present invention, which comprises steps of:

(a) forming a molten bath having a metal layer and a
20 slag layer on the metal layer in a metallurgical

vessel ;

(b) injecting metalliferous feed material and solid
carbonaceous material into the metal layer via a
25 plurality of solids injection lances/tuyeres
located above and extending downwardly towards
the metal layer and causing molten material to
be projected as splashes, droplets, and streams
1nto a top space above a nominal quiescent
30 surface of the molten bath to form a transition

ZOne;

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

35
(d) 1njecting an oxygen-containing gas into the

vessel via one or more than one oxygen-
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containing gas injection lance/tuyere to post-
combust reaction gases released from the molten

bath, whereby the ascending and thereafter
descending splashes, droplets and streams of

d 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 1n contact
with the transition zone; and which process

10 includes the step of controlling the process by
maintaining the slag layer to be at least 1.5

metres deep.

In accordance with another aspect of the present invention
15 a direct smelting process for producing metals from a
metalliferous feed material includes the steps of:

(a) forming a molten bath having a metal layer
and a slag layer on the metal layer 1in a

20 | metallurgical vessel;

(b) 1njecting metalliferous feed material and
solid carbonaceous material into the metal
layer via a plurality of solids injection

25 lances/tuyeres located above and extending
downwardly towards the metal layer and
causing molten material to be projected as
splashes, droplets, and streams into a top
space above a nominal quiescent surxrface of

30 the molten bath to form a transition zone;

(c) smelting the metalliferous feed material to

metal i1n the metal layer; and

35 (d) 1injecting an oxygen-containing gas into the
vessel via one or more than one oxygen-
containing gas injection lance/tuyere to
post-combust reaction gases released from
the molten bath, whereby the ascending and
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thereafter descending splashes, droplets and
streams of molten material in the transition
zone facilitate heat transfer to the molten
bath, and whereby the transition 2zone
minimises heat loss from the vessel via the
side walls in contact with the transition
zone; and which process includes the step of
controlling the process by maintaining the
slag layer to be 0.5 to 4 metres deep.

The term "smelting" is understood herein to mean
thermal processing wherein chemical reactions that reduce
the metalliferous feed material take place to produce

liguid metal.

The term "quiescent surface" in the context of
the molten bath i1s 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.

The space above the nominal quiescent surface of
the molten bath is hereinafter referred to as the "top

space".

A significant outcome of the pilot plant work 1is
that 1t 1s i1mportant to maintain high levels of sgslag in the
vessel and, more particularly, in the transition zone 1in
order to control heat losses from the vessel and heat
transfer to the metal layer. The importance of slag to the
Hismelt process 1s a significant departure from previous
work on the HIsmelt process. In the previous work the
amount of slag was not considered to be as important to the

process.

The concept of a “high slag inventory" may be
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understood in the context of the depth of the slag laver in
the vessel.

Preferably the process includes maintaining the
5 high slag inventory by controlling the slag layer to be 0.5

to 4 metres deep under stable operating conditions.

More preferably the process includes maintaining
the high s8lag inventory by controlling the slag laver to be

10 1.5 to 2.5 metres deep under stable operating conditions.

It is preferred particularly that the process
includes maintaining the high slag inventory by controlling
the slag layer to be at least 1.5 metres deep under stable

15 operating conditions.

The concept of a “high slag inventory” may also
be understood in the context of the amount of slag compared
to the amount of metal in the vessel.

20

Preferably, when the process is operating under
stable conditions, the process includes maintaining the
high slag inventory by controlling the weight ratio of
metal:slag to be between 4:1 and 1:2.

25

More preferably the procegs includes maintaining
the high slag inventory by controlling the weight ratio of
metal:s8lag to be between 3:1 and 1:1.

30 It i8 preferred particularly that the process
includes maintaining the high slag inventory by controlling
the metal:slag weight ratio to be between 3:1 and 2:1.

The amount of slag in the vessel , ie the slag

35 inventory, has a direct impact on the amount of slag that
18 in the transition zone.
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The relatively low heat transfer characteristics
of slag compared to metal is important in the context of
minimising heat loss from the transition zone to the side

walls and from the vessel via the side walls of the vessel.

By appropriate process control, slag in the
transition zone can form a laver or lavers on the side
walls that adds resistance to heat loss from the side

walls.

Therefore, by changing the slag inventory it is
possible to increase or decrease the amount of slag in the
transition zone and on the side walls and therefore control

the heat loss via the gide walls of the vessel.

The slag may form a “wet” layer or a “dry” layer
on the side walls. A “wet” layer comprises a frozen laver
that adheres to the side walls, a semi-solid (mush) laver,
and an outer liquid film. A “dry” laver is one in which
substantially all of the slag is frozen.

The amount o0f slag in the vessel also provides a

measure of control over the extent of post combustion.

Specifically, if the slag inventory is too low
there will be increased exposure of metal in the transition
zone and therefore increased oxidation of metal and
dissolved carbon in metal and the potential for reduced
post-combustion and consequential decreased post
combustion, notwithstanding the positive effect that metal

in the transition zone hag on heat transfer to the metal

layer.

In addition, if the slag inventory is too high
the one or more than one oxygen-containing gas injection
lance/tuyere will be buried in the transition zone and this

minimises movement of top space reaction gases to the end
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of the or each lance/tuyere and, as a consequence, reduces
potential for post-combustion.

The amount of glag in the vessel, ie the slag
5 inventory, measured in terms of the depth of the slag lavyer

or the weight ratio of metal:slag, may be controlled by the
tapping rates of metal and slag.

The production of slag in the vessgel may be

10 controlled by varying the feed rates of metalliferous feed
material, carbonaceous material, and fluxes to the vessgel

and operating parameters such as oxygen-containing gas
injection rates.

15 The process of the present invention is
characterised by controlling heat transfer via the
transition zone to the metal laver and controlling heat

logss from the vessel via the transition zone.

20 As noted above, in particular the present

invention is characterised by controlling the process by
maintaining a high slag inventory.

In addition, the present invention is preferably
25 characterised by controlling the process by means of the

following process features, separately or in combination;

(a) locating the one or more than one oxygen-
containing gas injection lance/tuvere and

30 injecting the oxygen-containing gas at a
flow rate so that:

(1) the oxygen-containing gas is injected

towards the slag layer and penetrates
35 the transition zone; and

(ii) the stream of oxygen-containing gas

" a2 YA MATIRALIN EEY oAl mrc, AN 1Y ety Tand Lt vl IR, L L RYRE A 1A Y S B P L A .4 A
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deflects the splashes, droplets and
streams of molten material around a

lower section of the or each

lance/tuyere and a gas continuous space

5 described as a “free space” forms
around the end of the or each
lance/tuyere;

(b) controlling heat loss from the vessgel by
10 splashing predominantly slag onto the side
walls of the vessel in contact with the
transition zone by adjusting one or more of:
(1) the amount of slag in the molten
15 bath;

(ii) the injection flow rate of the
oxygen-containing gas through the
one or more than one oxygen-

20 containing gas injection
lance/tuyere; and

(1ii) the flow rate of metalliferous
feed material and carbonaceous

25

material through the
lances/tuyeres.

In situations where the metalliferous feed
material is an iron-containing material, the present
30 invention 18 also preferably characterised by controlling
the process by controlling the level of dissolved carbon in
molten iron to be at least 3 wt% and maintaining the slag
in a strongly reducing condition leading to FeO levels of

less than 6 wt%, . more preferably less than 5 wt%, in the
35 8lag layer and in the transgition zone.

Preferably, the metallurgical vessel includes:
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(a) the above-described one or more than
one lance/tuyere for injecting oxygen-
containing gas and the lances/tuyeres
for injecting solid materials, such as
metalliferous material, carbonaceous
material (typically coal) and fluxes,

into the vessel:

(b) outlets for discharging molten metal

and slag from the vessel:; and
(c) one or more off-gas outlet.

In order to operate the process it is essential
that the vessel contains a molten bath having a metal lavyer

and a slag layer on the metal laver.

The term “metal layer” is understood herein to

mean that region of the bath that is predominantly metal.

The term “glag layer” is understood herein to

mean that region of the bath that is predominantly slag.

An important feature of the process of the
present invention is that metalliferous material is smelted
to metal at least predominantly in the metal laver of the
molten bath.

In practice, there will be a proportion of the
metalliferous material that is smelted to metal in other
regions of the vessel, such as the slag layer. However,
the objective of the process of the present invention, and
an important difference between the process and prior art
processes, 18 to maximise smelting of metalliferous

material in the metal laver.

L I R R 2T T P T T T S TR T S S S T TP T
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AS a consequence of the above, the process
includes injecting metalliferous material and carbonaceous
material, which acts as a source of reductant and as a

source of energy, into the metal layer.

One option is to inject metalliferous material
and carbonaceous material via lances/tuyeres positioned
above and extending downwardly towards the metal laver.
Typically, the lances/tuyeres extend through side walls of
the vessel and are angled inwardly and downwardly towards

the surface of the metal layver.

Another option, although by no means not the only
other option, is to inject metalliferous.materigl and
carbonaceous material via tuyeres in the bottom of the

vessgel or in side walls of the vessel that contact the

metal layer.

The injection of metalliferous material and
carbonaceous material may be through the same or separate

lances/tuyeres.

Another important feature of the process of the
present invention is that it causes molten material,
typically in the form of splashes, droplets, and streams,
to be projected upwardly from the molten bath into at least

part of the top space above the quiescent surface of the
bath to form the transition zone.

The transition zone is quite different to the
slag layer. By way of explanation, under stable operating
conditions of the process the slag layer comprises gas
bubbles in a ligquid continuous volume whereas the
transition zone comprises splashes, droplets, and streams

of molten material in a gas continuous volume.

Preferably the process includes causing molten



R R S T gty T ) N WRIPL T BY SNSRI LE 1 SR SR N T P SCe DL

10

15

20

25

30

35

CA 02335753 2000-12-20

WO 00/01855 PCT/AU99/00538
- 13 -

material to be projected as splashes, droplets and streams
into the top space above the transition zone.

Another important feature of the present
invention is that it post-combusts reaction gases, such as
carbon monoxide and hydrogen, generated in the molten bath,
in the top space (including the transition zone) above the
nominal quiescent surface of the bath and transfers the

heat generated by the post-combustion to the metal layer to
maintain the temperature of the molten bath - ag is

essential in view of endothermic reactions in that laver.
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.

Preferably the level of post-combustion is at
least 40%, where post-combustion is defined as-:

[CO.] + [H.O0]
[CO:] + [H;0] + [CO] + [H;]

where:

[CO2] = volume % of CO, in off-~-gas
[H;0] = volume % of H,0 in off-gas
[CO] = volume % of CO in off-gas
[H;] = volume % of H, in off-gas

The transition zone is important for 2 reasons.

Firstly, the ascending and thereafter descending

splashes, droplets and streams of molten material are an

e vy il 1A 8 radend C S ad AN B VB BB IA N i o p——y PUN AN Padld e s sl *s. o  as .




o s AT e AL BT AL M DG A e e e

10

15

20

25

30

35

CA 02335753 2000-12-20

WO 00/01855 PCT/AU99/00538

- 14 -

effective means of transferring to the molten bath the heat
generated by post-combustion of reaction gases in the top

space above the quiescent surface of the bath.

Secondly, the molten material, and particularly
the slag, in the transition zone is an effective means of

minimising heat loss via the side walls of the vessel.

A fundamental difference between the process of
the present invention and prior art processes is that in
the process of the present invention the main smelting
region is the metal layer and the main oxidation (ie heat
generation) region is above and in the transition zone and
these regions are spatially well separated and heat

transfer i1s via physical movement of molten metal and slag

between the two regions.

Preferably the transition zone is generated by
injecting metalliferous material and carbonaceous material

in a carrier gas through lances/tuyeres that extend

dowvnwardly towards the metal laver.

More preferably, as noted above, lances/tuyeres
extend through the side walls of the vessel and are angled

inwardly and downwardly towards the metal laver.

This injection of the so0lid material towards and
thereafter into the metal layer has the following
consequences:

(a) the momentum of the s80lid material/carrier
gas causes the s80lid material and gas to

penetrate the metal layer;

(b) the carbonaceous material, typically coal,
i8 devolatilised and thereby produces gas in
the metal laver;

AR O o O HL AT N G AR A S A L T B O N AT L O e an Y P MR S G N SR M AN g S et . " ceeh eaele i & el o st Al B e A bl e 2 e ashmas . . B A s B . w . . - L L L taccccccne B Bl oGmmEmA A g _________ . .
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carbon predominantly dissolves into the

metal and partially remains as solid:;

the metalliferous material is smelted to
metal by carbon derived from injected carbon
as described above in item (¢) and the

smelting reaction generates carbon monoxide
gas; and

the gases transported into the metal laver
and generated via devolatilisation and
smelting produce significant buovancy uplift
of molten metal, solid carbon and slag
(which is drawn into the metal laver as a
conseqgquence of;solid/gas injection) from the
metal layer which results in upward movement
of splashes, droplets and streams of molten
metal and slag, and these splashes,
droplets, and streams entrain further slag

as they move through the slag laver.

Another important feature of the present

invention is that the location and operating parameters of

the one or more than one lance/tuyere that inijects the

oxygen-containing gas and the operating parameters that

control the transition zone are selected so that:

Metsdad g e d ead ui 1rand ke R A A B2 G A MM Yy e rldd S Y A

(a)

(b)

A 4 AT I A M LB MM A b 13wy 122 & . U

the oxygen-containing gas is injected
towards the slag layer and penetrates

the transition 2zone;

the stream of oxygen-containing gas
deflects the splashes, droplets and
streams of molten material so that, in
effect:
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(1) the transition zone extends
upwardly around the lower section
of the one or more than one

lance/tuvere; and

(1i) a gas continuous space described
as a “free sgspace” forms around the
end of the one or more than one
lance/tuyere.

The formation of the free space is an important
feature because it makes it possible for reaction gases in
the top space of the vessel to be drawn into the region of
the end of the one or more than one oxygen-containing gas
injection lance/tuyere and to be post-combusted in the
region. In this context, the term “free space” is
understood to mean a space which contains practically no
metal and slag.

In addition, the above-described deflection of
molten material shields to some degree the gide walls of
the vessel from the combustion zone generated at the end of
the or each lance/tuyere. Also it provides a means for

returning more energy back to the bath from gases post
combusted in the top space.

Preferably the process includes injecting the

oxygen-containing gas into the vessel in a swirling motion.

The present invention is described further by way
of example with reference to the accompanying drawing which
18 a vertical section through a metallurgical vessel
illustrating in schematic form a preferred embodiment of

the process of the present invention.

The following description is in the context of

smelting iron ore to produce molten iron and it is
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understood that the present invention 1s not limited to
this application and is applicable to any suitable metallic
ores and/or concentrates - including partially reduced

metallic ores and waste revert materials.

The vessel shown in the figure 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 58 for discharging molten metal continuously; and

a tap-hole 61 for discharging molten slag.

In use, the vessel contains a molten bath of iron
and slag which includes a layer 15 of molten metal 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 19 indicates the position of
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 16. 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.

In use, i1ron ore, solid carbonaceous 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 solid material/carrier gas causes the solid material

and gas to penetrate the metal layer 15. The coal is
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devolatilised and thereby produces gas in the metal laver
15. Carbon partially dissolves into the metal and
partially remains as s80lid carbon. The iron ore is smelted
to metal and the smelting reaction generates carbon
monoxide gas. The gases transported into the metal layver
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 laver 15 which
generates an upward movement of splashes, droplets and
streams of molten metal and slag, and these gplashes, and

droplets, and streams entrain slag as they move through the
glag layer 16.

The buoyancy uplift of molten metal, solid carbon
and slag causes subsgstantial agitation in the metal laver 15
and the slag layer 16, with the result that the slag laver
16 expands in volume and has a surface indicated by the
arrow 30. The extent of agitation is such that there isg
reasonably uniform temperature in the metal and the slag

regions - typically, 1450 - 1550°C with a temperature
variation of the order of 30° in each region.

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

vegsgsel and:

(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.

H . P I . B % 22 =000 clAL M o e el GAS e s A0S S0 4 Sl A oAl S AlA
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In general terms, the slag laver 16 is a liquid
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 glag.

The vessel 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 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. The lance 13 includes an assembly which causes

the oxygen-containing gas to be injected in a swirling

motion into the vegsel.

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 gpace 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

layer 15.

The free space 25 is important to achieving high
levels of post combustion because it enables entrainment of
gases 1n 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
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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, the ascending and descending droplets,
splashes and streams of material is an effective means of
trangsferring heat from the transition zone 23 to the molten
bath with the result that the temperature of the transition

10 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
15 transition zone 23 in the vessel when the process is
operating and with reference to splashes, droplets and
streams of molten metal and slag that are projected into
the top space 31 above the transition zone 23 when the
process 1s operating, so that:
20
(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
25 (indicated by the cross-hatching in the
figure) ;

(b) at least part of the lower barrel
gection 53 of the sgside walls 5 is

30 backed by water cooled panels 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

35 are formed from water cooled panels 57,
59.
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Each water cooled panel 8, 57, 59 in the upper
section 10 of the side walls 5 has parallel upper and lower
edges and parallel side edges and is curved so asgs to define
a section of the cylindrical barrel. Each panel includes

5 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

10 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

15 the spaces between the adjacent horizontal 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)

20 which circulates water at high flow rate through the pipes.

In use the operating conditions are controlled so
that there i1s sufficient slag contacting the water cooled
panels 57, 59 and sufficient heat extraction from the

25 panels to build-up and maintain a layer of slag on the
panels. The slag layer forms an effective thermal barrier
to heat loss via the transition zone and the remainder of

the top space above the transition zone.

30 As indicated above, the applicant has identified
the following process features in pilot plant work that,

separately or in combination, provide effective control of

the process.

35 (é) Controlling the slag inventory, ie the depth of
the slag layer and/or the slag/metal ratio, to

balance the positive effect of metal in the
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transition zone 23 on heat transfer with the
negative effect of metal in the transition zone
23 on post combustion due to back reactions in
the transition zone 23. 1If the slag inventory is
too low the exposure of metal to oxygen 1is8 too
high and there is reduced potential for post
combugstion. On the other hand, if the slag
inventory is too high the lance 13 will be buried
in the transition zone 23 and there will be
reduced entrainment of gas into the free space 25

and reduced potential for post combustion.

Controlling the level of dissolved carbon in
metal to be at least 3 wt% and maintaining the
slag in a strongly reducing condition leading to
FeO levels of less than 6 wt% in the slag laver

16 and in the transition zone 23.

Selecting the position of the lance 13 and
controlling injection rates of oxygen-containing
gas and solids wvia the lance 13 and
lances/tuyeres 11 to maintain the essentially
metal/slag free region around the end of the
lance 13 and to form the transition zone 23

around the lower section of the lance 13.

Controlling heat loss from the vessel by
splashing with slag the side walls of the vessel
that are in contact with the transition zone 23

Or are above the transition zone 23 by adjusting
one or more of:

(1) the slag inventory; and

(11) the injection flow rate through the
lance 13 and the lances/tuyeres 11.
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The pilot plant work referred to above was
carried out as a series of extended campaigns by the

applicant at its pilot plant at Kwinana, Western Australia.
5 The pilot plant work was carried out with the

vessel shown in the figure and described above and in

accordance with the process conditions described above.

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

(a) feed materials;

(b) s80lids and gas injection rates;

15
(c) slag inventories - measured in terms of the
depth of the slag layer and the slag:metal
ratios;
20 (d) operating temperatures; and

(e) apparatus set-ups.

Table 1 below sets out relevant data during
25 start-up and stable operating conditions for the pilot

plant work.
START UP | STABLE
OPERATION
Bath Temperature (°C) 1450 1450
Operating Pressure (bar g) 0.5 0.5

HAB Air | (kNm*/h) | 26.0 | 26.0
Oxygen in HAB (%) 20.5 20.5
HAB Temperature (C) 1200 1200
DSO Ore 5.9 9.7

Coal

Calcined Flux

5.4 6.1
1.0 1.4
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ore Feed Temy  [(c)  |2s.0  [as.0
Hot Metal |
Post Combustion (%) 60.0 60.0

Offgas Temperature (C)

Heat Transfer to Bath (MW ) 11.8 17 .3

i

Heat Loss to Panels (MW) 12.0 8.0

(kg/tbm) |1453 | 1003

The iron ore was sourced from Hamersley as a

normal fine direct shipping ore and contained 64.6% iron,
4.21% Si0O;, and 2.78% Al,0, on a dry basis.

energy to the process. The coal had a calorific value of
30.7 MJ/kg, an ash content of 10%, and a volatile level of

10 89.5%. Other characteristics included 79.82% total carbon,
1.8% H;0, 1.59% N;, 3.09% O,, and 3.09% H,.

The process was operated to maintain a slag
bagsicity of 1.3 (Ca0/Si0; ratio) using a combination of
15 fluxes of lime and magnesia. The magnesia contributed MgO
thereby reducing the corrosiveness of the slag to the

20 Under start-up conditions the pilot plant
operated with: a hot air blast rate of 26,000 Nm*/h at
1200°C; a post combustion rate of 60% ((CO; + H;0) / (CO +
H; + CO; + H;0)); and a feed rate of iron ore fines of 5.9
t/h, a feed rate of coal of 5.4 t/h and a feed rate of flux

25 of 1.0 t/h, all injected as solids using N; as a carrier
gas. There was little or no slag in the vessel and there
was not sufficient opportunity to form a frozen slag laver
on the side panels. As a consequence, the cooling water
heat loss was relatively high at 12 MW. The pilot plant
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operated at a production rate of 3.7 t/h of hot metal (4.5
wt%C) and a coal rate of 1450 kg coal/t hot metal produced.

Under stable operating conditions, with control
of slag inventory and a frozen slag layer on the water
cooling panels forming the side walls, relatively low heat
losses of 8 MW were experienced. The reduction of the heat
lost to the water cooling system allowed an increased
productivity to 6.1 t/h of hot metal. The increased
productivity was obtained at the same hot air blast rate
and post combustion as at start-up. Solid injection rates
were 9.7 t/h of ore fines and 6.1 t/h of coal along with
1.4 t/h of flux. The improved productivity also improved
the coal rate to 1000 kg coal/t hot metal achieved.

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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A direct smeltlng process for produclng

iron from a metalliferous feed material which includes

v 1Y

the steps of:

(a)

forming a molten bath having a metal layer
and a slag layer on the metal layer 1n a

metallurgical vessel;

injecting metalliferous feed material and

solid carbonaceous material into the metal

layer via a plurality of solids injection
lances/tuyeres located above and extending

downwardly towards the metal layer and

causing molten material to be projected as

splashes, droplets, and streams 1nto a top

—

space above a nominal quiescent surface ot

trhe molten bath to form a transition zone;

smelting the metalliferous feed material

to metal in the metal layer; and

injecting an oxygen-containing gas into
the vessel via one or more than one
oxygen-containing gas injection

lance/tuyere to post-combust reaction

gases released from the molten bath,
whereby the ascending and thereafter
descending splashes, droplets and streams

F

of the molten material in the transition

-one facilitate heat transfer to the

molten bath, and whereby the transition

sone minimises heat loss from the vessel
via side walls in contact with the

transition zone; and whilich process



10

15

20

29

30

35

2 .

CA 02335753 2008-05-26

- 27 -

#

includes the step of controlling the

process by maintaining the slag layer tO

be at least 1.5 metres deep.

A direct smelting process for producing

iron from a metalliferous feed material which i1ncludes

)

the steps of:

(a)

forming a molten bath having a metal layer

and a slag layer on the metal layer 1n a

metallurgical vessel;

injecting metalliferous feed material and

solid carbonaceous material into the metal

F

layer via a plurality of solids injection

lances/tuyeres located above and extending
downwardly towards the metal layer and

causing molten material to be projected as
splashes, droplets, and streams 1nto a top

F-

space above a nominal quiescent surface OI

+he molten bath to form a transition zone;

smelting the metalliferous feed material

to metal in the metal layer; and

injecting an oxygen-containing gas 1into
the vessel via one or more than one
oxygen-containing gas injection

lance/tuyere to post-combust reaction

gases released from the molten bath,

whereby the ascending and thereafter

descending splashes, droplets and streams

pr—

of the molten material 1in the transition

-one facilitate heat transfer to the

molten bath, and whereby the transition
zone minimises heat loss from the vessel

via side walls in contact with the
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transition zone; and whilich process

includes the step of controlling the

process by maintaining the slag layer to

be 0.5 to 4 metres deep.

3. The process defined in claim 2 1includes

maintaining the slag layer to be 1.5 to 2.0 metres deep.

4. The process defined in claim 1 or claim Z

10 includes controlling the weight ratio of metal:slag to be

between 4:1 and 1:2.

5. The process defined in any one of claims 1

p—

to 4 includes controlling the weight ratio of metal:slag

15 to be between 3:1 and 1:1 under stable operating

conditions of the process.

0. The process defined in claim 5 1includes

maintaining the weight ratio of metal:slag to be between

—
e

20 3:1 and 2:1 under stable operating conditions of the

process.

F
P

7. The process defined in any one of claims 1

to 6 wherein step (c) includes smelting the metalliferous

55  feed material to the metal at least predominantly 1in the

metal laver.

3 . The process defined in any one of claims 1

to 7 includes locating the one or more than one oxygen-

30 containing gas injection lance/tuyere and injecting the

oxygen-contalnling gas at a

flow rate so that:

(a) the oxygen-containing gas 1s 1njected

towards the slag layer and penetrates the

transition zone; and

39

(b) the stream of the oxygen-contalning gas

deflects the splashes, droplets and streams
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of the molten material around a lower

section of the one or more than one oxygen-

containing gas injection lance/tuyere and a

gas continuous space forms around the end of

the one or more than one oxygen-containilng

gas injection lance/tuyere.

9. The process defined in any one of

claims 1

to 8 includes controlling heat loss from the vessel by

splashing predominantly the slag onto the side walls of

o
-

t+he vessel that are in contact with the transition zone

— —
. P

and onto the roof of the vessel by'adjusting one or more

g

o- .
wl— .

r—

(1) the amount of the slag in the molten bath;

(11) the injection flow rate otf
containing gas through the
than one oxygen-contalning

lance/tuyere; and

ﬁ

the oxygen-

one oOr more

gas 1injection

“erous

(iii)the flow rate of the metallil:

feed

material and the carbonaceous material

through the solids injection lances/tuyeres.

10. The process defined in claim 9 includes

injecting the metalliferous feed material and the solid

carbonaceous material in a carrier dgas.
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