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(57) Abstract: A hot gas injection lance (26)
for injecting hot gas into a vessel (11) is made
of three modules (26A, 26B and 26C) which
all fabricated separately and brought together
in successive steps and connected together by
releasable fastenings. Lance module (26A) is
a main duct module providing an elongate duct
(31) through which to direct hot gas into an upper
region of the vessel. Lance module (26B) is a gas
inlet module through which to direct hot gas into
duct (31) of module (26A). Lance module (26C)
is a central module which includes an elongate
central tubular structure (33) that extends within
the gas flow duct (31) and carries at its lower end
a series of swirl imparting tubular structure (33)
that extends within the gas flow duct (31) and
carries at its lower end a series of swirl imparting
vanes (34) for imparting swirl to the gas flow
exiting the duct. Main duct module (26A) has a
mounting flange (110) that abuts a flange (122) on
vessel (11) and the flanges (110, 122) are fastened
together by bolts (121). Gas inlet module has a
lower mounting flange 111 which abuts a flange
(103) at the upper end of module (26A) and the
flanges (111, 103) are connected together by bolts
(112). Central module (26C) has a mounting
flange (115) that abuts a flange (114) at the upper
end of inlet module (26B) and the flanges (114,
115) are fastened together by bolts (116).
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GAS INJECTION LANCE

TECHNICAL FIELD
The present invention relates to lances for

injecting gas into a vessel.

The invention has particular, but not' exclusive,
application to a lance for injecting a flow of'preheated
gas into a metallurgical vessel under high temperature

conditions.

The metallurgical vessel may for example be a

direct smelting vessel in which molten metal is produced

. by a direct smelting process.

A known direct smelting process, which relies on
a molten metal layer as a reaction mediﬁm, and is
generally referred to as the HIsmelt process, is described
in Intermational applicatiom 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
vessel;. . '
(b) injecting into the bﬁ%h:
(i) a metalliferous féed material, typically metal
ox;des; and
(i1) é solid carbonaceous material, typically coal,
which acts ag a reductant of the metal oxideé
and a source of energy; and
(c) smelting metalliferous feed material to metal in

the metal layer.
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The term “smelting” is herein understopd to mean
thermal prccessiﬁg wherein chemical reactions that reduce
metal oxides take place to produce liquid metal.

The present invention also provides a direct
smelting apparatus which includes a lance for injecting

gas into a direct smelting vessel.

The invention further provides methods of
installing a gas injection lance in a metallurgical vessel:

and of removal.

In-general, molten bath-based processes for
direct smelting ferrous material into molten iron that are
described in the prior art require post-combustion of
reaction products such as CO and H; released from a molten
bath in order to generate sufficient heat to maintain the

temperature of the molten bath.

The prior art generally proposes that post
combustion be achieved by .injecting oxygen-containing gas
via lances that extend into a top space of a direct

smelting vessel.

For economic reasons,. it is desirable that direct
smelting campaigns be relatively long, typically at least
one year, and therefore it is important that gas injection
lances be capable of withstanding the high temperature
environment, typically of the order of 2000°C, within the
top space of a direct smelting vessel for the prolonged

periods of‘camﬁaigns.

One option for providing oxygen-containing'gas ig
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to use air or oxygen-enriched air that is preheated to
above 800°C. Considerabl& larger volumes of such gas are
required to achieve a given level of post combustion than.
would be rquired if oxygen was used as the
oxygen-containing gas. Consegquently, a direct smelﬁing
vessel operating with air or oxygen-enriched air must be a
considerably larger structure than a direct smelting
vessel operating with oxygen. Accordingly, a lance for
injecting air or oxygen-enriched air into a direct
smelting vessel must be a relatively large structure that.
can extend a substantial distance into a direct smelting
vessel and be unsupported over at least a major part of
the length of the lance. By way of context,‘s meter
diameter HIsmelt vesse;s proposed by the applicant include
lances.having an outer diameter of 1.2m that are of the '
order of 60 tonmnes and extend approximately 10m into the

vessel.

DISCLOSURE OF THE INVENTION

According to one aspect, the invention provides
a lance for injecting gas into a vessel, including

a gag flow duct extending from a rear end to a
forward end from which to discharge gas from the duct;

an elongate central structure extending within
the gas flow duct from its rear end to its forward.end;

a plurality of flow directing vanes disposed
about the central structure adjacent the forward end of
the duct to imparﬁ swirl to a gas flow through the forward
end of the duct;

cooling watexr suppl& and return passages
extending through the wall ‘of the gas flow duct and

extending from the rear emnd to the forward end of the gas
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flow duct for supply aﬁd return of cooling water to the
forward end of the duct; and '

an annular duct tip disposed at the forward end
of the duct and having an internal cooling water passage
connecting with the cooling water supply and return
passages S0 as to receive and return a flow of cooling’
water to intermally cool the duct tip;

wherein the lance is made of three modules
releasably fastened together by releasable fasteners, said

modules comprising:

1) a main duct module forming the gas flow duct

‘ throughout a major part of the length of that duct and

including said water supply and return passages and sgaid

annular duct tip,

2) a gas inlet module including a tubular body
releasably fastened by a first set of said fasteners to a
rear end of the main duct module such that its interior
connects with the intefior of the duct module and a branch
tube branching laterally from the tubular bhody to serve as
a gas inlet for inlet of gas to the tubular body and

thence to the interior of the main gas module, and

3) a central module forming said elongate central
structure and said flow directing vanes and releasably
fastened by a second set of gsaid fastemners to a rear end

of the tubular body of the gas inlet module.

The rear end of' the main duct module and the
forward end of the gas inlet module may be formed with
abutting circumferential flanges and the first set of

fasteners may releasably fasten those flanges together.
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The rear end of the tubular body of the gas inlet
module and the rear end of the central module may also be
formed with abutting circumferential flanges and the
éeqond set of fasteners may releasably fasten those

flanges together.

The main duct module may include an outwardly
projecting circumferential flange spaced forwardly from
the rear end of the module for mouﬁting the lance on a

wall of a metallurgical wvessel.

The latter flange may be disposed about a tubular
sleeve extending circumferentially around the duct and
provided with internal water flow passages for internal

cooling of the sleeve.

The sleeve may extend forwardly from said
outwardly brojecting circumferential flange so as in use
of the lance to project into an opening in a wall of the

vessel in which the lance is to be mounted.

The main duct module may comprise water inlet and '
outlet connectors connecting with the cooling water and
supply return passages and disposed between thé rear end
of the main duct module and the outWardly projeéting

circumferential mounting flange.

Preferably the main duct module, gas inlet module
and central module each further comprises at least one
cooling circuit for in use recelving a flow of cooling

water, the cooling circuits operating independently.
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Preferably the supply and return passages of the
main module comprise substantially parallel annular flow -
paths provided bf three or more concentric substantially
cylindrical members retained within said module to provide
for differential expansion of two or more of said
substantially cylindrical members and the gas inlet module
comprises‘two concentric substantially cylindrical members
to provide a single layer flow path for qooling water

between said substantially cylindrical members.

Preferably one or more partitions provide said

single layer flow path of said gas inlet module with two

or more water flow galleries.

Preferably sald single layer flow path comprises

two independent water flow circuits.

Preferably the gas inlet member comprises a
branch tube extending laterally from a central axis of the

inlet module and the branch tube comprising a flange for

- connection to a gas supply duct, the single layer flow

path extending about said branch tube.
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According to a second aspect, the invention
provides a lance for injecting gas into a vessel having an
opening for receiving the lance, the lance, the lance
comprising a tubular lance body defining a gas flow duct
for flow of gas through the lance adapted to extend
through the vessel opening into the vessel, a lance
mounting circumferential flange projecting outwardly from
the lance body, and a tubular sleeve extending
circumfeientially around the.lance body in the vicinity of

the mounting flange.

Preferably the sleeve is provided with internal

water flow passages for internal cooling of the sleeve.

Preferably the outer diameter'bf the sleeve is
selected so that, in use, the lance body and a layer of
frozen slag that forms on the lance body can be withdrawn
from the vessel via the vessel opening without contacting

the vessel opening.

. The sleeve may extend along the lance body from
the mounting flange so as in use of the lance to project
into the opening of the vessel in which the lance is to be

mounted.

According to a further aspect the present
invention providesva lance for injecting gas into a vessel
comprising a’ tubular lance body ‘defining a gas flow duct
and comprising elongate cooling water supply and return
passages for supply of cooling water to' a tip of said
tubular lance body, and said tubular lance body further
comprised of three or more concentric substantially

cylindrical members to provide sald elongate supply and
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return passages and said substantially cylindrical members
retained within said lance so as to provide for
differential expangion of two or more of said
substantially cylindrical members aﬁd the lance further
comprising a gas inlet member adapted to in use connect
with and receive gas from a gas supply duct and said gas
inlet member having a gas flow passage in fluid
communication with said gas flow duct qnd said gas inlet
member comprising two comcentric substantially cylindrical
members providing a single layer flow path for flow of
cooling water between séid substantially cylindrical

members.

Preferably the supply and return flow paths of
the tubular member operate independently of the single
layer flow path of the inlet member.

Preferably ome or more partitions provide said
single layer flow path of said gas inlet member with two

or more water flow galleries.

Preferably said single layer flow path comprises

two independent water flow circuits.

Preferably'the gas inlet member comprises a
branch tube extending laterally from an axis of the inlet
member and the branch tube comprises a flange for
connection to a gas supply duct, the single layer flow

path extending about said branch tube.

In use, a lance of the present invention may be .
mounted in an upper wall of a metallurgical vessel so as

to extend downwardly into that vessel. The vessel may be
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a direct smelting vessel in which molten metal is produced

by a direct smelting process.

Accordingly, the invention further provides
apparatus for producing ferrous metal from a ferrous feed
material by a direct smelting process which apparatus
includes a vessel that can contain a bath of molten metal
and molten slag and a gas'space above the molten bath, and
a gaé injection lance in accordance with sald first aspect
or said second‘aspect of the invention'exténding
downwardly into the vessel for injecting gas into the

vessel.

In particular, the invention may provide
apparatus for producing ferrous metal from a ferrous feed
material by a direct smelting process, which apparatué
includes a vessel that can contain a bath of molten metal
and molten slag and a gas space above the molten bath and
a gas injection lance in accordance with said first aspect
extending downwardly into the vessel for injecting
oxygen-containing gas into the vessel, wherein the main
duct module of the lance is mounted in an upper wall of
the vessel so as to extend downwardly into the vessei from
an upper (rear) end located outside the vessel, the gas
inlet module sits on and is supportéd by the upper end of
the main duct.moﬁule and the central module is sugpended

from ite connection with the upper (rear) end of the gas

inlet module ‘so as to hang vertically downwards within the

tubular body of the gas inlet module and the interior of

. the main duct module.

The vanes on the central module may extend within

the duct tip and be dimensioned such that during operation
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of the apparatus they are engaged and supported laterally
of the duct by the internally water cooled duct tip.

The invention further provides the method of
installing in a metallurgical vessel a gas injection lance
in éccordance with said first aspect, which method
comprises the steps 6f lifting the main duct module on a
crane from its rear end so that';t hangs vertically
downward from its rear end, lowering the main duct module
so that it extends downwardly into the vessel, releagsably
fastening an upper part of the main duct module on an
upper wall of the vessel, lifting the gas inlet'module on
a crane and lowering it onto the upper end of the main
duct hodule, releasably fastening the lower end of the gas

inlet module to the upper end of the main duct module,

.lifting the central module on a crane from its rear end so

that it hangs §ertica11y downwards, lowering the central
module on the cranme until it extends downwardly through
the tubular body of the gas inlet module and ﬁhe interior
of the main duct module and releasably fastening the upper
end of the central module to the upper end of the gas

inlet module.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention further provides a method of
removing a so installed gas injection lance from a
metallurgical vessel comprising the steps of releasing the
fastening of the upper end of the central module to the
upper'end of the gas inlet module, lifting the central
modile vertically out of the gas inlet and main duct
modules by means of a crane and removing it away from the
vessel, releasing the fasteniﬁg of the lower end of the

gas inlet module to the upper end of the main duct module,
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lifting the gas inlet module away from maim duct module by
means of a crane and moving it away from the vessel,
releasing the fastening of the main duct module to the
upper wall of the vessel, lifting the main duct module

5 vertically by means of a crane to withdraw it from the

vessel and moving it away from the vessel.

In order that the invention may be more fully
explained, one particular form of lance and its method of
10 installation in a metallurgical vessel will now be
described in some detail with reference to the

accompanying drawings in which:

Figure 1 is a vertical section through part of a
15 direct smelting vessel incorporating a hot air injection

lance constructed in accordance with the invention;

Figure 2 is a vertical crosgs-section through an
upper part of the smelting vessel and the hot air

20 injection lance:;

Figure 3 is a cross-section to an enlarged scale

of some of the components shown in Figure 2;

25 Figures 4 is a longitudinal cross-section through

the hot air injection lance;

Figure 5 is 5 side elevation of a gas inlet
module of the hot air injection lance;
30
Figure 6 is .a cross sectional view of the gas

inlet module;
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Figure 7 illustrates components at the upper end

of a main duct module forming part of the lance;
Figure 8 is a cross-section through a duct
mounting flange and sleeve;

Figure 9 is an end view of the duct mounting

flange and sleeve;

Figure 10 is a developed view of the sleeve shown

in Figure 9;

Figure 11 is a detail to an enlarged scale
showing the construction of a duct tip at the forward or

lower end of an outer duct of the lance;

Figure 12 is a partial cross-section through part

" of the duct tip;

Figures 13 and 14 illustrate the construction of

a front part of a central structure of the lance;

Figures 15 and 16 illustrate the conétruction of
a forward nose end of the central structure of the 1énce;
and | '

Figures 17, 18 and 19 illustrate successive steps
carried out in the instailation of the lance into the

smelting vessel.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
The drawings illustrate a direct smelting vessel

suitable for operation by the Hlsmelt process as described
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in International Patent Application PCT/AU96/00197. Thé
metallurgical vessel is denoted generally as 11 and has a
hearth that includes a base 12 and sides 13 formed from
refractory bricks; side walls 14 which form a generally
cylindrical barrel extending upwardly from the sides 13 of
the hearth and which includes an upper barrel section 15
and a lower barrel section 16; a roof 17; an.outlet 18 for

off-gases; a forehearth 19 for discharging molten metal

'cbntinuously; and a tap-hole 21 for discharging molten

slag.

- In use, the vessel contains a molten bath of
iron and slag which includes a layer 22 of molten metal
and a layer 23 of molten slag on the metal layer 22. The
arrow marked by the numeral 24 indicates the position of
the nominal quiescent gurface of the metal layer 22 and
the arrow marked by the numeral 25 indicates the position
of the nominal quiescent surface of the slag layer 23.

The term "quiescent surface" is understood to mean the
surface when there is no injection of gas and solids into

the vessel.

The vessel is fitted with a downwardly extending
hot air injection lance 26 for delivering a hot air blast
into an upper region of the vessel and. solids injecfién
lances 27 extending aowﬁwardly and inwardly through the
side walls 14 and into the slag layer 23 for injecting
iron ore, solid carbonaceous material, and fluxes
entrained in an oxygen-deficient carrier gas into the
metal layer 22. The position of the lances 27 is selected
50 that their outlet ends 28 are above the surface of the
metal layer 22 during operation of the process. This
position of .the lances reduces the risk of damage through

contact with molten metal and also makes it possible to
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cool the lances by forced internal water cooling without

significant risk of water coming into contact with the

molten metal in the vesgsel.

The construction of the hof air-injection
lance 26 is illustrated in Figures 4A/4B to 14. In
accordance with present embodiments; the lance is made
from three separate modules 26A, 26B and 26C .which are
fabricated separately and are brought together in
successive steps and releasably connected together during
installation of ‘the lance into the vessel in‘the manner to
be described below with particular reference to Figureé 15
to 17. '

Lapce modﬁie zéA is a main duct module providing
an elongate duct 31 through which to direct hot gas into
the upper region of the vessel. Lance module 26B is a gas
inlet module providing a §as inlet structure 32 through
which to direct hot gas into the elongate duct 31 of the

lance module 26A. Lance module 26C ig a central module

‘which includes an elongate central tubular structure 33

that extends within the gas flow duct 31 and carries
adjacent its forward or lower end a series of swirl
imparting vanes 34 for imparting swirl to the gas flow
exiting the duct. Swirl vanes 34 may be formed to a four
start helical configuration. Their inlet (rear) ends may

have a smooth transition from initial straight sections to

.a fully developed helix to minimise turbulence and

pPressure drop.

The lance is water cooled by a series of water
cooling circuits and / or elements. These circuits and /

or elements are isolated from each other and therefore.
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operate independently of each other, though they may be

supplied with cooling water from a common header and may

return cooling water to a common header. The water
cooling.circuits and / or elements of each one of the .
ﬁoduies 26A, 26B & 26C are isolated from the water cooling
circuits and / or elements of each one of the other

modules 26A, 26B & 26C.

Lance modules 26A and 26C reside, in use,
substantially internally of the vessel and experience a
temperature gradient and therefore non-uniform cooling
requirements along their length, with the highest
temperatures seen at the forward end of the lance adjacent
the tip where combustion of off-gas occurs. Temperatures
in this region may be in the order of 2000°C -~ 2200°C.
The hot blast through the gas flow duct has a temperature
of 1200°C and the Eemperatures external of the lance and
away from the tip are typically in the range 1400°C -
1500°cC. .

As detailed below, lance modules 26A & 26C are of
elongate construction with parallel, or at least double
layer, water flow passages constructed from concentric
tubes of substantially cylindrical construction. The

tubes are retained within each module in a manner to allow

' for two or more of the tubes or other members to

experience differential expansion. The parallel, or at
least double layer, water flow passages allow the inlet
and outlet connections of these passages to reside

external to the vessel.

Lance module 26B resideg, in use, substantially

externally of the vessel and experiences a substantially



WO 2006/096902 PCT/AU2005/001591

10

15

20

25

30

- 16 -

uniform temperature gradient comprised of 1200°C

internally due to the.flow of hot .blast and ambient
temperature cbnditions externally. Lance module 26B is
constructed of éubstantially'parallel concentric tubes
that provide a single layer flow path for cooling water
that is divided by one or more partitions into two or more
water flow galleries. The single layer flow path being
sufficient for the cooling requirements of module 26B
whiéh has a reduced need to allow for diﬁferential thermal

expansion within the cooling circuits.

The forward end of,ceﬁtral'structure 33 has a
domed nose 35 which projects forwardly beyond the tip 36
of duct 31 so that the forward end of the central body and
the duct tip co-act together to form.an annular nozzie for
divergent flow of gas from the duct with swirl imparted by

the vanes 34.

The wall of the main part of duct 31 extending
downgtream from the gas inlet 32 is internally water
cooled. This section of the duct is comprised of a series
of three concentric steel tubesg 37, 38, 39 extending to
the forward end part of the duct where they are connectea
to the duct tip 36. The duct tip 36 is of hollow annular
formation and is inteinally divided by a partitioning
structure 80 which divides the'intérior of the tip into
four watér flow gallerieg 81, 82, 83, 84 which
interconnect to form a single cooling water passage
denoted generally as 85 to which cooling water is supplied
and returned through passages in the wall of duct 31.
Specifically, cooling water is supplied through an inlet
41 and annular inlet manifold 42 into an inner annular

water flow passage 43 defined between the tubes 37, 38 of
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the duct through to ﬁhe duct tip 36. Water is returned
from the tip through an outer aﬁnular water return flow
passage 44 defined between the tubes 38, 39 and backwardly
to é water outlet 45 at the rear end of the water cooled

section of duct 31.

Duct tip 36 has an outer shell eolformed by four

annular segments 86, 87, 88 and B9 which are welded

-together to form the outer shell. Segment B6 forms a rear

wall of the duct tip 36 and is welded to the innermost
tube 37 of the tuBes constituting the wall of the duct.
Partitioning structure 80 comprises a steel ring disposed
within the tip shell 40 and provided with four
cifcumferential flanges 80A, 80B, B0C and 80D projecting
outwardly frém a central part 80E of the ring so as to
divide tﬁe interior of the shell into the water flow
galleries 81-84 and to serve as buttress supports for the
shell. Flange 80A is welded to the intermediate tube 38
of the duct wall and flanges 80B and 80D are welded to tip
shell segments 86 and 89 to complete the interconnection
of the tip to the duct wall and to divide the interior of
the tip into the cooling water flow galleries 81, 82, 83.
and 84. Baffles 91, are fitted between the partition
structure 80 and the shell to define ends of the water
£low galleries. Ports 92 are located in the flanges of
the partitioning ring adjacent these baffler to cause the
water to flow successive;y around the tip firstly through
gallery 81 then through gallery 82 then through gallery 83
and finally to gallery 84. The water enters gallery 81
from the water flow passage 43 defined between the tubes

'37, 38 of the duct and exite gallery 84 through return

passage 44 defined between the tubes 38, 39,
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The duct tip shell segments 87 and 88 deflnlng
the inner periphery and outer end of the tip are made of
copper to enhance cooling of these parts of the tip
whereas the:segments 86 and 89 and the partitioning
structure 80 are formed of steel to produce a very strong
reinforced tip structure which allows for the transmission
of load forces from the inmer and intermediate tubes 37,
38 to the outer tube 39 of the duct as described in more
detail below. ‘

The lance module 26A is provided at its rear end
with a mounting assembly 101 comprlslng a water cooled

outer housing 102 connected through a flange 100 to the

.outer duct tube 39 and to a mounting flange 110 for

connection to an upper part of the vessel such that the
lance will be suspended in a vertical orientation from the
mouriting flange 110 with all of its weight taken through
the outer duct tube 39. The rear end of the intermediate
tube 38 is supported by a éliding seal 104 within the
housing 102 and the rear end of the inner tube 37 is
supported within a sliding seal 105 in a rear end flange
103 of the module 26A to permit relative 1dngitudinal
movements of the tubes on differential expansion of the
various lance components. So ag not to overload these
sliding seals 104 & 105, the weight of the cooling water,
refractory, inner tube 37 and the intermediate tube 38 are

transferred by partitioning structure 80 to the outer

. tube 39.
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The rear end flange 103 of lance module 26A
provides a mounting for the gas inlet lance module 26B.
Module 26B comprises a tubular body 106 and a branch
tube 107 branching laterally from thé tubular body to

5 serve as a gas inlet for inlet of gés to the tubular bod&
and thence to the interior of the main duct module 26A.
The forward or lower end of tubular~bod& 106 is provided
with a circumferential flgnge 111 to abut the rear
flange 103 of the module 26A and the abutting |

10 flanges 103, 111 are releasably fastened together by
fastening bolts 112 during the lance installation process
as will be described below. Branch tube 107 of module 26B
is also provided with a connector flange 113 by which it
éan be conneéted to a hot air supply duct.

15 '

The upper end of module.ZSB is provided with an
end flange 114 which serves as an- abutment for a
flange 115 at the rear or top end of the central
module 26C and the abutting flanges 114, 115 are

20 releasably connected together by connecting bolts 116

during assembly of the lances as described below.

Lance module 26B is_fqrmed as an outer double

walled steel shell formed with internal water £low

25 passages through which water is circulated throqgh inlet
and outlet connectors 120, 130. Thg-space between thg
double walls provides a single layer flow path and may be
divided by partitions 175 so as to provide a series of
water flow galleries 178 that may be arranged ih any

30 convenient pattern. The water flow galleries 178 may be
divided by central partition 180 into upper 190 and lower
192 cooling flow.paths. The interlor of the module 26B is
lined with refractory matefial 118. '
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The water cooled section of duct 31 is
internally lined with an internal refractory lining 46
that fits within the innermost metal tube 39 of the duct
and extends through to the water cooled tip 36 of the
duct. The inner periphery of duct tip 36 is generally
flush with the inner surface‘of the refractory lining
which defines the effective flow passage for gas through
the duct. The forward end of the refractory lining has a
slightly reduced aiameter section 47 which is generally
flush with the inner periphery of the duct tip 36. The
refractbry lining is formed in sections fitted within the
inner duct tube 37. When the lance is installed and in a
vertical condition, the bottom section of the lining sits
on the rear wall 86 of the duct tip and the other lining
sections are supported on bricking rings 90 welded to the
tube 39. Accordingly, the full weight of the refractory
lining is.imparted downwardly on to the inner tube 37 of
the duct. Since the duct is fully supported by its upper
end through the outer tube 39, this downward loading mqst
be transferred from the inner tube to the outer tube
through the interconnection provided by the tip wall 86,
the partitioning structure 80 and the tip structure 89 all
of which are made of steel and which provide a very solid
rigid and Sraced interconnection capable of transmitting.

those forces.

Rearwardly from section 47 the refractory lining
is of slightly greater diameter to emable the central
structure 33 to be inserted downwardly through the duct on
asgembly of the lance without fouling the refractory. The
swirl vanes 34 are tﬁen moved within the reduced diameter

section of the refractory until thelr forward ends enter
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within the rearmost part of the duct tip 36. In the final
assembly the vanes extend along centfal structure 33 from
rear ends 34A spaced rearwardly f£rom the duct tip 36 to
forward ends 34B disposed within the duct tip. Vanes 34
are dimensioned so that there is a small radial clearance
between the vanes and the refractory lining of the duct.
They are. also dimensioned so that when the lances is in a
cold condition there is a small radial clearance of thg'
order of 2mm between the forward ends of the ‘vanes and the
inner periphery of the duct tip 36 but on thermal .
expansion under operating conditions the forward ends of
the vanes .are engaged by the intermally water qooled tip
ﬁhich then provides lateral support for the vanes and the
lower end of the central structure 33. The central
gtructure is long and flexible and if it is not supported
the gas blast can cause severe vibration. With the
illustrated arrangement lateral support is provided
through the engagement of the cooled tip with the vanes.
The vanes may be made of a cobalt alloy material such as
UMCO 50. They may be formed on a sleeve simply fitted
over the lower end of the central-structure and keyed to

prevent rotation.

The rear wall 86 of duct tip 36 is formed with a
deformable midsection to accommodate radial loading on the
wall on engagement with the front ends of the vanes 34.
More specifically, the annular tip shell -segmeént forming
that wall is provided with a deformable corrugation 862A of
U-shaped cross-section which can close up to accommodate
excess loading on the wall so as to limit stresses in the
wall under radial loads generated by thermal movements
under the severe operating conditions generated by the

HIsmelt process.
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The front end.of central structure 33 which
carries the swirl vanes 34 is internally“water cooled by
cooling water supplied forwardly through the central
struéture from the rear end to the forward end of the
lance and then returned back along the central structure
to the rear end of the lance. This enables a very strong
flow of cooling water directly to the forward end of the
central structure and to the domed nose 35 in particular
which is subjected to very high heat flux in coperation of

the lance.

Central structure 33 comprisés inner and outer
concentric steel tubes 50, 51 formed by tube segments,
disposed end to énd and welded together. Inner tube 50
defines a central water flow passage 52 through which
water flows forwardly through the central structure from a
water inlet 53 at the rear end of the lance through to the
front end nose 35 of the central structure and an annular
water return passage 54 defined between the two tubes
through which the cooling watef returns from nose 35 back
through the central structure to a water outlet 55 at thg

rear end of the lance.

The nose end 35 of central structure 33
comprisges an inner copper body 61 fitted within an outer
domed nose shell 62 also formed of copper. The.inner
copper piece 61l is formed with a central water flow
passage 63 to receive water from the central péssage 52 of
structure 33 and direct i; to the tip of the nose. Copper
body Gllis formed with projecting ribs 64 which fit snugly
within the nose shell 62 to define a single continuous

cooling water flow passage 65 between the copper .body 61
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and the'outer nose shell 62. The ribs 64 are shaped so
that the single continuous passage 65 extends as annular
éassage ségments 66 inperconnected by passage segments 67
.Qloping from one annular segment to the next. Thus
passage 65 extends from the tip of the nose in a spiral
which, although not of regular helical formation, does
spiral around and back along the mose to exit at the rear
end of the nose into the anmular return passage fdrmed

between the tubes 51, 52 of central structure 33.

The forced flow of cdoling water in a single
coherent stream through spiral passage 65 extending around
and back along the nose end 35 of central structure

engsures efficient heat extraction and avoids the

- development of "hot spots" on'the nose which could occur

if the cooling water ig allowed to divide into separate
stxreams at the nose. 1In the illustrated arrangement the
cooling water is constrained in a single stream from the
time that it enters the nose end 35 to the time that it

exits the nose end.

Inner structure 33 is provided with an external
heat shield 69 to'shield against heat transfer from the
incoming hot gas flow in the duct 31 into the cooling
water flowing within the central structure 33. If
subjected to the very high temperatures and high gas flows
required in a large scale smelting installation, a solid
refractory shield may provide ohly short service. In the
illustrated construction the shield 69 is formed of
tubular sleeves of ceramic material marketed under the
name UMCO. These sleeves are arranged end to end to form
a continuous ceramic shield surrounding an air gap between

the shield and the outermost tube 51 of the central
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structure. Further details of the manner in which the
shield may be formed will be found in the disclosure of

Unitéd States Patent Specification 6673305.

On installation of the lance within the vessel,
mounting sleeve 110 is fastened by means of fasteniﬁg
bolts 121 to a flénge 122 at the upper end of a tubular
opening 123 in an upper wall of the wvessel. Mounting
flange 110 is formed with a hollow tubular extension
sleeve 124 which projects within the tﬁbular opening 123
and is intermnally waﬁer‘cooled by ‘flow of. cooling water

through an inlet 125 and outlet 126 extending through the

- mounting flange 110. Water from the inlet 125 is passed

through the internal channel 127 to the bottom end of the

- tubular sleeve 124 and then flows back through that

tubular sleeve successgively through a series of
circumferential galleries formed by internal
circumferential partitions 128 within the walls of the
sleeve. The cooling of sleeve 124 within the tubular
opening 123 of phe vessel causes slag to freeze within the
bottom of the opening to close the opening and reduce heat
flow through the opening. The sleeve 124 is a clearance
fit within the opéping and also extends around the lance
body with a small cléarance, the clearance spaces being
closed by the frozén slag. This arrangement protects the
vessel opening and flange 122 from.overheating and avoids
the need to provide cooling passages in this part of the
vessel, The‘size of the sleeve 124, and more particularly
the outer diameter of the sleeve, are selected so that .
there is a clearance between the tubular opening 123 and
the lance module 26A and a layer of frozen slag that
inevitably forms on the ocuter wall of the ﬁodule in use of.

the lance. With this arrangement, the lance module 26a
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and the frozen slag can be withdrawn from the vessel
without contacting the tubular opening 123. This is an
important feature from the viewpoint of minimising the
possibility of frozen slag on tﬁe lance module 26A

damaging the vessel or the lance.module during withdrawal.

The manner of installing the lance is illustrated
in Figures 18 to 20. The three lance modules 263, 26B and
26C are fabricated separately and brought to the site of
the vessel for successive installation. 1In a first
installation step, the main duct podule 26A is lifted on a
crane through lifting lugs 131 at the extreme upper end of
the module so that the module hangs vertically from the
crane and can be inserted downwardly through the tubular
opening 123 in the upper wall of the vessel as illustrated
in Figure 18. Module 26A is lowered until the mounting’
flange 110 abute the flange 122 on the vesgel and the
flanges 110 and 122 are then.firmly fastened together by
the fastening bolts 121,

In a second ingtallation step, the gas inlet
module 26B is lifted on a crane through lifting Iugs 132
at the upper end of the module so that the tubular body of
the module hangs vertically downwards as seen in
Figure 19. Module 26B ig lowered until the flange 111 at
its lower end abuts the flange 103 at the uﬁper end of the
module 26A and the flanges 111, 103 are connected together
by connecting bolts 112.

In a third installation step, the central lance
module 26C is lifted on a crame through lifting lugs 133
at the upper end of that module so that the module hangs

vertically downwards and can be extended downwardly
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through the gas jnlet module 26B and into the main duct
module 26A as seen in Figure 20. The central module is
lowered until its flange 115 comes into abutment with the
flange 114 at the upper end of the gas inlet module and
the flanges 114 and 115 are fastened together by the
fastening bolts 116 to complete installation of the lance.
In the.completed installation, the central module is
suspended from its connection with the upéer {rear) end of
the gas inlet module so as to hang vertically downwards
within the tubular body of the gas inlet module and the

interior of the main duct module. '

To remove the lance the three lance modules are
successively released and lifted by means of a crane in
the reverse order to their installatiom, that is the
central module 26C is removed first followed b& the

modules 26B and 2§A.

The modulaxr qonstruction and installation method
described above enables the fabrication and installation
of very large and heavy lances in large scale direct

smelting plant.
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CLAIMS:

1. 2 lance for injecting gas into a vessel,
including:

a gés flow duct extending from a rear end to a
forward end from which to discharge gas from the duct;

an elongate central structure extending within
the gas flow duct from its rear end to its forwaxrd end;

a plurality of flow directing vahes disposed
about the central structure adjacent the forward end of
the duct to impart swirl to a gas flow through the forward
end of the duct; ‘ '

.cooling water supply and return passages
extending through the wall of the gas flow duct and
extending from the rear end to the forward end of the gas
flow duct for supply and return of cooling water to the
forward end of the duct; and ‘

an annular duct tip disposed at the forward end
of the duct and having an internal cooling water passage
connecting with the cooling water supply and return
passages'éo as to receive and return a flow of cooling
water to internally cool the duct tip;

wherein the lance is made of three modules
releasably fastened together by releasable fasteners, gaid
modules comprising: 4

1) a main duct module formiqg the gas flow
duct throughout a major part of the length of that duct
and including said water supply and return passages and

said annular -duct tip,

',2) a gas inlet module including a tubular body
releasably fastened by a first set of said fasteners to a

rear end of the main duct module such that its interior
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connects with the interior of the duct module and a branch
tube branching laterally from the tubular body to serve as
a gas inlet for inlet of gas to the tubular boﬁy and

thence to the interior of the.main gas module, and

3) a central module forming said elongate
central structure and said flow directing vanes and
releasably fastened by a second set of said fasteners to a

rear end of the tubular body of the gas inlet module.

2. A lance as claimed in claim 1, wherein the rear
end of the main duct module and the forward end of the gas
inlet module are formed with abutting circumferential
flanges and the first set of fasteners releasably fasteps

those flanges together.

3. A lance as claimed in claim 1 or claim 2, wherein
the rear end of the tubular body of the gas inlet module
and the rear end of the central module are formed with
abutting circumferential flanges and the second set of

fasteners releasably fasten those flanges together.

4. A lance as claimed in any one of the preceding

claims, wherein the main duct module includes an outwardly

projecting circumferential flange spaced forwardly from

the rear end of the module for mounting the lance on a

wall of a metallurgical vessel.

5. A lance as claimed in claim 4, wherein the
outwardly projecting circumferential flange is disposed
about a tubular sleeve extending circumferéntially around
the duct and provided with internal water flow passages

for internai cooling of the sgleeve.
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6. A lance as claimed in claim 5, wherein the
tubular sleeve extends forwardly from said outwardly
projecting circumferential flange so as in use of the
lance to project into an opening in a wall of the vessel

in which the lance is to be mounted.

7. A lance as c¢laimed in any one of claims 4 to 6,
wherein the main duct module comprises water iplet and
outlet connectors connecting with the cooling water and
supply return passages and disposed between the rear end
of the main duct module and the outwardly projecting

circumferential mounting flange.

8. A lance as claimed in any one of the preceding.
ciaims, wherein the main duct module, gas inlet module and
central module each further comprises at least one cooling
circuit for in use receiving a flow of cooling water, the

cooling circuits operating independently.

9. A lance as claimed in any one of the preceding
claims, wherein the supply and return passages of the main
module comprise substantially parallel annular flow paths
provided by three or more concentric substantially
cylindrical. members retained within said module to provide
for differential expansion of two or more of said

substantially cylindrical members.

10. A lance as claimed in any one of the preceding
claims, wherein the gas inlet module comprises two
concentric substantially cylindrical members to provide a
single iayer flow path for cooling water between said

substantially cylindrical members.
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11, A lance as claimed in claim 10, wherein one of
more partitions provide said single layer flow path of
said gas inlet module with two ox more water flow

galleries.

12. A lance as claimed in claim 11, wherein said
single layer flow path comprises two independent water

flow circuits.

13. A lance as claimed in any one of claims 10 to 12,
wherein the gas inlet member comp;iées a branch tube '
extending laterally from a central axis of the inlet
module and the branch tube coﬁprisinj a flange for
connection to a gas supply duct and said single layer flow

path extends about said branch tube.

14. . A lance for injecting gas into a vessel having an
opening for receiving the lance, the lance combrising a
tuﬁuiar lance body defining a gas flow duct for flow of
gas through the lance adapted to extend through the vessel
opening into the vessel, a lance mounting circumferential
flange projecting outwardly from the lance body, and a
tubular sleeve extending circumferentially around the

lance body in the vicinity of the mounting flange.

15. A lance as claimed in claim 14 wherein the sleeve

is provided with internal water flow passages for intermal

" cooling of the gleeve.

16. A lance as claimed in claim 14 or claim 15,
wherein the sleeve extends along the lance body from the

mounting flange so as in use of the lance to project into
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the opening of the vessel in which the lance is to be

mounted.

17. A lance as claimed in any one of claims 14 to 16
wherein the outer diameter of thé sleeve 1s selected so
that, .in use, the lance body and a layer of frozen slag
that forms on the lance body can be withdrawn from the
vessel via the vessel opening ﬁithout contacting the

vessel opening.

1s. A lance for injecting gas into a vessel
comprising a tubular lance body defining a gas flow duct
and comprising elongate cooling water supply and return
rassages for supply of cooliné water to a tip of said
tubular lance body, and said tubular lance body further
comprised of three or more concentric substantially
cylindrical members to provide said elongate supply and
return passages and said substantially cylindrical members
retained within said lance so as to provide for
differential expansion of two or more of sgaid
substantially cylindrical members and the lance further
comprising a gas inlet member adapted to in use connect
with and reéeive gas from a gas supply duét and said gas
inlet member having a gas flow passage in f£luid
communication with said gas flow duct and said gas inlet
member comprising two concentric substantiaily cylindrical
members providing a single layer flow path for flow of
cooling water between said substantially cylindrical

members.

19. A lance as claimed in claim 18, wherein the
supply and return flow paths of the tubular member operate
independently of the single layer flow path of the inlet
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member.

20. A lance as claimed in claim 18 or claim 19,
wherein one or more partitions provide said single layer
flow path of said gas inlet member with two or more water

flow galleries.

21. A lance as claimed in claim 20, wherein said
single layer flow path comprises two independent water

flow circuits.

22. A lance as claimed in any one, of claims 18 to 21,
wherein the gas inlet member comprises a branch tube
extending laterally from an axis of the inlet member and
the branch tuber comprises a flange for connection to a
gas supply duct, the single layer flow path extending
about said branch tube.

23. Apparatus for producing ferrous metal from a
ferrous feed material by a direct smelting process,
including a vessel that can contain a bath of molten metal
and molten slag and a gas space above the molten bath, and
a gas injection lance as claimed in any one of claims 1

to 20 extendiﬁg downwardly into the vessel for injecting

gas into the vessel.

24, Apparaﬁus for producing ferrous metal from a
ferrous feed material by a direct smelting process, which
apparatus includes a vessel that can contain a bath of
molten metal and molten slag and a gas space above the
mo;ten bath and a gas injection lance in accordance with

any one of claims 1 to 13 extending downwardly into the

. vessel for injecting oxygen-containing gas into the
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vessel, wherein the main duct module of the lance is
mounted in an upper wall of the vessel so as to extend
downwardly into the vessel from K an upper (rear) end

located outside the vessel, the gas inlet module sits on

‘and is supported by the upper end of the main duct module

and the central module is suspended from its connection
with the upper (rear) end of the gas inlet module so as to
hang vertically downwards within the tubular body of the

gas inlet module and the interior of the main duct module.

25, Apparatus as claimed in claim 24, wherein the
vanes on the central module extend within the duct tip and
are dimensioned such that during operation of the |
apparatus they are engaged and supported-laterally of the
duct by the internally water cooled duct tip.

26. A method of installing in a metallurgical vessel
a §as injection lance as claimed in any ohe of claims 1 to
13, which method comprises the steps of lifting the main
duct module on a crane from its rear end éo that it hangs
vertically downward from its rear end, lowering the main
duct quule so that it extends downwardly into the vessel,
releasably fastening an upper part of the main duct module
on an upper wall of the vessel, lifting the gas inlet
module on a cfane and lowering it onto the upper end of
the main duct module, releasébly fastening the lower end
of the gas inlet module to the upber end of the main duct
module, lifting the central module on a crane from.its
rear end so that it hangs vertically downwards, lowering
the central module on the crame until it extends
downwardly through the tubular body of the gas inleE
module and the interior of the main duct module and

releasably fastening the upper end of the central module
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to the upper end of the gas inlet module.

27. A method of removing a gas injection lance as
claimed in any one of claims 1 to 13 from installation in
a metallurgical vessel, comprising the steps of releasing
the fastening of the upper end of the central module to
the upper end of the gas inlet module, lifting the central
module vertically out of the gas inlet and main duct
modules by means of a crane and removing it away from the
vessel, releasing the fastening of the lower.end of the
gas inlet module to the upper end of the main duct module,
lifting the gas inlet module awﬁy from main .duct module by
means of a crane and moving it away from the vessel,
releasing the fastening of the main duct module to the
upper wall of the vessel, lifting the main duct module
vertically by means of a crane to withdraw it from the

vessel and moving it away from the vessel.
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* Special categories of cited documents: )

"A"  document defining the general state of the art which is "T"  later document published after the international filing date or priority date and not in
not considered to be of particular relevance conflict with the application but cited to understand the principle or theory

underlying the invention

"E"  earlier application or patent but published on or after the "X"  document of particular relevance; the claimed ifwention cannot be considered novel

) international filing date : ~ or cannot be considered to involve an inventive step when the document is taken
alone .

"L"  document which may throw doubts on priority claim(s) "Y"  document of particular relevance; the claimed invention cannot be considered to
or which is cited to establish the publication date of involve an inventive step when the document is combined with one or more other
another citation or other special reason (as specified) such documents, such combination being obvious to a person skilled in the art

"O"  dooument referring to an oral disclosure, use, exhibition "ot . . ’
or other means "&"  document member of the same patent family

"P*  document published prior to the international filing date
but later than the priority date claimed
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Box No.II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following .
reasons:

D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

I:I Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

I:__—I Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a)

Box No, III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
See attached sheet

As all required additional search fees were timely paid by the applicant, this international search report covers all
searchable claims. :

As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite
payment of any additional fee.

As only some of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claims Nos.:

T

4, D No required additional search fees were tlmely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest l___—l The additional search fees were accompanied by the applicant's protest. -

I:l No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2004)




INTERNATIONAL SEARCH REPORT International application No.
PCT/AU2005/001591

Supplemental Box
To be used when the space in any of Boxes I to VIIT is not sufficient)

Continuation of Box No: 111

The invention defined by claim1 is to a lance for injecting gas into a vessel wherein the lance is made up of three

modules releasably fastened together by releasable fasteners, said modules comprising

1) a main duct module forming the gas flow duct throughout a major part of the length of that duct and including said
water supply and return passages and said annular duct tip,

2) a gas inlet module including a tubular body releasably fastened by a first set of said fasteners to a rear end of the
main duct module such that its interior connects with the interior of the duct module and a branch tube branching
laterally from the tubular body to serve as a gas inlet for inlet of gas to the tubular body and thence to the interior of
the main gas module, and

3) a central module forming said elongate central structure and said flow directing vanes and releasably fastened by a
second set of said fasteners to a rear end of the tubular body of the gas inlet module,

It is considered that these three features constitute a first special technical feature.

Claim 14 defines a lance for injecting gas into a vessel having an opening for receiving the lance, the lance comprising
a tubular lance body defining a gas flow duct for flow of gas through the lance adapted to extend through the vessel
opening into the vessel, a lance mounting circumferential flange projecting outwardly from the lance body, and a

tubular sleeve extending circumferentially around the lance body in the vicinity of the mounting flange.

It is considered that these features constitute a second special technical feature.

Since the abovementioned group of claims do not share either of the technical features identified, a “technical
relationship’ between the inventions, as defined in PCt rule 13.2 does not exist.

Accordingly the international application does not relate to one invention or to a single inventive concept.
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