Office de la Proprieté Canadian

CA 2467310 C 2012/07/31

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 467 31 0
ld’I” gfga”isge ; 'f“(‘j age”gy of ; 12 BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(22) Date de depot/Filing Date: 2004/05/14 (51) CLInt./Int.Cl. C27C 5/28 (2006.01),
. A - - . C21B 13/00(2006.01), C2718 15/00(2006.01),
(41) Mise a la disp. pub./Open to Public Insp.: 2004/11/15 C21C 5/00(2006.01), C21C 5746 (2006.01)
(45) Date de délivrance/lssue Date: 2012/07/31 C21C 7/00(2006.01)
(30) Priorité/Priority: 2003/05/15 (AU2003902355) (72) Inventeur/Inventor:

(73) P

(74) A

MACAULEY, DEREK, AU

roprietaire/Owner:

TECHNOLOGICAL RESOURCES PTY LIMITED, AU

gent: NORTON ROSE CANADA

S.EN.CR.L,S.RL/LP

(54) Titre : USINE DE PRODUCTION INTEGREE DE FER ET D'ACIER

(54) Title: COMBINED IRONMAKING AND STEELMAKING PLANT

(57) Abréegée/Abstract:
A combined ironmaking and steelmaking plant is disclosed. The plant inc

ludes a direct smelting ironmaking plant that includes an

ironmaking vessel and a steelmaking plant for producing molten steel from molten iron from the iron making plant. The steelmaking

plant Includes a steelmaking vessel such as a BOF. The plant also Incl

Udes a plurality of ladles for molten iron, and a transfer

means for transferring the ladles between (i) an operative position at the ironmaking vessel for receliving molten iron from the

ironmaking vessel and (i) an operative position at the steelmaking vessel

for discharging molten iron directly into the steelmaking

vessel. The transfer means links together the ironmaking vessel and the steelmaking vessel. The transfer means includes a transfer

crane for supporting the ladles and a transfer crane runway that defines a
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ABSTRACT

A combined ironmaking and steelmaking plant is disclosed.
The plant includeg a direct smelting ironmaking plant that
includes an ironmaking vessel and a steelmaking plant for
producing molten steel f£from molten iron from the iron
making plant. The steelmaking plant includes a steelmaking
vessel such as a BOF. The plant also inqludes a plural:l.ty'

of ladles for molten iron, and a transfer means for

transferring the ladles between (i) an operative position
at the ironmaking vessel for receiving molt'en iron from the
ironmaking vessel and (ii) an operative position at the
steelmaking vessel for discharging molten iron directly
into the steelmaking vessel. The transfer means links
together the lronmaking vessel and the steelmaking vessel.
The transfer means includes a transfer crane for supporting

the ladles and a transfer crane runway that defines a path
of movement for the crane. |
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COMBINED IRONMAKING AND STEEILMAKING PLANT

TECHNICAL FIELD

The present invention relates toc a combined
ironmaking and steelmaking plant for producing molten steel
from an iron-bearing metalliferous feed material such as
oreg, partly reduced ores and iron~containing waste

streams.

The present invention relates particularly,
although by no means exclusively, to a combined ironmaking
and steelmaking plant for producing molten steel by a
process that includes producing molten iron in an
ironmaking veseal by a direct emelting process, more
particularly a molten bath-based direct smelting proceses,
and thereafter producing steel from the molten iron in a
steelmaking vessel by a basic oxygen process.

The term “direct smelting process” is understood
herein to mean a thermal process for producing molten iron
directly from an iron-bearing metalllferous feed material
guch as ores, partly reduced ores and irom-containing waste
streams, whereln chemical reactiong reduce the
metalliferous feed material to molten iron,

The HiIsmelt process is a molten bath-based direct
smelting process for producling molter iron. The HIzmelt
process 1s described, by way of example, in International
Application PCT/AU96/00197 (WO 96/31€627) in the name of the
applicant.' The HIsgmelt process ig an alternative process
to the conventional blast furnace-based direct amelting

process for producing molten iron.

The HIsmelt process has been tested succegsfully
at develocpment plant level and a related company of the .
applicant is now constructing a commercial plant at
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¥winana, Wegtern Augtralia,

The HIsmelt process, and other molten bath-based
direct smelting processes that have been proposed in the
literature, enable large quantities of molten iron to be
produced by direct smelting in compact vessels,

The basic oxygen process iz a commonly used
process for making steel., The process enables large

quantities of molten steel to be produced from molten iron
in compact vessels.

The present invention is based on the realisation
that with careful design the above-described Compact direct
smelting and steelmaking vessels make it possible to
produce molten iron and thereafter steel-using a quite

different plant layout to that of traditional integrated
steelworks.

In traditional integrated steelworks, ironmaking
and steelmaking are esgsentially separate operations and
ironmaking plants and steelmaking plants are spaced apart
by relatively large distances within the boundaries of
integrated steelworks., :Molten lron i transferred from
ironmaking to steelmaking plants in purpose-built torpedo
carsg that run on rall tracks between the plants. When the
torpedo cars reach steelmaking plants the molten iron is
discharged into ladles, and the ladles transport molten
iron as required within the steelmaking plants. Depending
on the circumstances, molten iron may be treated by being
desulphuriged and/or dephosgsphorised in the ladles before
the ladles are moved tc steelmaking vessgelg and the treated

iron is-discharged‘frmm the ladles into the vesselg and
processed to produce steel.

The above-deacribed:multiplé handling of each
batech of molten lron and the long transfer distances
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between ironmaking and steelmaking plants are diszadvantages
of traditional integrated gteelworksa. The step of
transferring batches of molten iron from one receptacle to
another introduces time delays and inevitably results in
temperature losses in the molten metal. The temperature
losses are an important consideration given that there is a
relatively amall temperature window between the tapping
temperature for molten iron and the mintmum.feed'
temperature for steelmaking vessels.

In addition, the use of torpedo cars represgsents a
substantial investment in terms of the cars themselves, the
rail networks for the cars, the locomotives to move the
cars, the plant and equipment that is required to clean,
repalr, and re-line the cars, and the plant and equipment
that is required to preheat the cars prior to receiving a
batch of molten iron.

The plant layout of the combined ironmaking and
steelmaking plant of the present invention avoids the
above-described disadvantages of traditional integrated
steelworks, '

The plant lavout of the present invention is

suit&ble‘particmlarly, although not exclusively, for a
greenfield gite. ‘

DISCLOSURE OF THE INVENTION

According to the present invention there ig

provided a combined irommaking and steelmaking plant

includings

(a) =a direct smelting ironmaking plant for
producing molten iron from an iron-bearing metalliferous
faed material such as oreg, partly reduced ores and iron-
contalning waste streams, the ircnmaking plant including an
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ironmaking vessel;

(b) a steelmaking plant for receiving molten
iron and producing molten gpteel from molten iron, the
5 steelmaking plant including a sgteelmaking vesasel;

(c) at leagt one receptacle for recelving and
holding molten iron from the irommaking vessel and for

discharging molten iron directly'into the steelmaking
10O vassel; and

(d) a transfer means for transferring the
receptacle between (i) an operative position at the
irommaking vessel at which the raceptacle can receilve

15 molten iron from the ironmaking vessel and (ii) an
operative position at the steelmaking vessel at which the
receptacle can discharge molten iron directly 1lnto the
steelmaking vesgel and therebyjlinksftogether the
irommaking vessel and the steelmaking vessel, the transfer

20 meaneg including a transfer crane for supporting the

receptacle and a transfer crane runway that defines a path
of movement for the _crane. '

With the above-described combined plant, the
25 ironmaking vessel can tranafer'moiten iron directly into
the receptacle when the receptacle is positioned at the
operative position at the ironmaking vessel.

' In addition, with the above-described combined

30 plant, the ironmaking vessel, the steelmaking vessel and
the transfer means are positioned in relation to each other
50 that a receptacle containing molten ircon can be carried
by the transfer crane from the operative position at the
lronmaking vessgel along the transfer crane runway to the

35 operative position at the steelmaking vessel and molten

iron can be discharged directly from the receptacle into
the steelmaking vessal. .

- -,
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The above-described ccmbined'plant ig centred on
the trangsfer means and the relative positions of the
transfer means, the ironmaking vessel, and the steelmaking
vessel that links together the operative positions of the
receptacle at the ironmaking vessel and the steelmaking
vesgel and makes it possible to use one receptacle only for
transferring a given batch of moltern iron the whole
distance from the ironmaking vessel to the steelmaking
vessel by means of the transfer meang.

Preferably the ironmaking vessel is adapted to

discharge molten iron continucusly from the vessel.

With such,anbarrangement, preferab1y the combined
plant includesg at least two receptacles and the ironmaking
ﬁlant includes a means for seledtively'supplying molten
iron discharged continuously from,the‘ironmaking'vessel
into one oxr other of the raceptacles at the operative
position at the ironmaking‘plant.

Preferably the operative position at the
steelmaking vesgel is an elevated position in relation to
the operative position at the ironmaking vessel,

Preferably the combined plant further includes a
molten iron treatment plant for treating molten irom
positioned in relation to the transfer crane runway so that
a receptacle containing molten iron can be transferred from
the operative position at the irommaking vessel to an
operative position at the molten iron treatment plant,
thereafter the molten iron can be treated at the molten
iron treatment plant, and the receptacle means can then be

carried by the transfer crane along the trangsfer crane

runway to the operative position zt the steelmaking vegegeal
and the treated molten iron can be discharged directly from
the receptacle intoc the steelmaking vessel.
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Preferably the ironmaking vessel and the molten

iron treatment plant are on opposite Bldes of the transfer
runway. ‘ '

Preferably the operative positions at the
irommaking vessel and the molten iron treatment plant are
directly across from one another.

Preferably the transfer means includes a trangfer

10 car or other gultable molten iron transfer meansg for

supporting and transferring the receptacle means containing

molten iron from the operative position at the irommaking

vegsel to the operative position at the molten iron

treatment plant., This 18 a convenient arrangement for

transferring molten iron from the ironmaking vessel to the
molten iron treatment unit.

15

Preferably the transfer means includes a rail~
mounted transfer car for supporting and transferring the

20 receptacle means containing molten iron from the operative

position at the ilronmaking veagsel to the 0peratiVe pogition
at the molten iron treatment plant.

Preferably the transfer car and the transfer

25 crane are adapted to operate independently of each other.

Preferably the molten iron treatment plant is a
desulphurigation plant that is adapted to desulphufise

molten iron in the receptacle means in situ onn the molten
30 iron transfer means,

Preferably the combined plant further includezs a
molten iron solidification plant for casting molten iron
into pigs or other mouldr or for quenching molten iron into
35 granules or for otherwise forming golid iron positioned in
relation to the transfer crane runway soc that a receptacle.

containing molten iron can be carried by the transfer crane

e ol 2T
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along the transfer crane runway to an operative-pbsition at
the solidification plant and molten iron can be discharged
from the receptacle into the polidification plant.

Preferably the operative position at the
steelmaking vesgel and the operative position at the
solidification plant are at opposite endeg of the transferx

crang runway.

Preferably the combined plant further includes a
receptacle heating stand positioned in relation to the
transfer crane runway so that an emp:ty receptacle can be
heated at the the receptacle heating stand and thereafter
carried by the transfer crane along the transfer crane
runway to the operative position at the ironmakiﬁg vesgel
to be filled with molten iron. '

Preferably the transfer crane runway 1s straight.
Preferably the direct smelting ironmaking plant
iz adapted to produce molten iron by & molten bath-based

direct smelting process.

Preferably molten bath-based direct smelting
process is the HIsmelt process. ‘

Preferably the receptacle is a ladle.

Preferably the trangfer crane and the ladle are

adapted to allow for tilting a ladle containing molten iron

towards the steelmaking vessel s that molten ilron can be
discharged from the ladle while gupported by the transfer
crane. '

Preferably the steelmaking vessel is adapted to
tilt towards a ladle containing molten iron when the ladle
ias at the operative position of the steelmaking vessel to

-,
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facilitate discharging of molten iron into the steelmaking

vesgsel.

- According to the present invention there is also
provided a method ¢f making steel irn the combined
ironmaking and steelmaking plant described above which
includes .making molten iron in the direct smeltling
ironmaking plant, discharging molten iron from the
i‘ronmaking.vesé‘el into the reaeptacie at the 'ope_rative
position of the irocnmaking plant, transferring the
raceptacle containing the molten iron to the steelmaking
plant using the transfer meang, discharging molten iron
from the receptacle into the steelmaking vessel, and making
steel from the molten 1rxron in the steelmaking plant.

Preferably the method further includes
trangferring the receptacle containing the molten ijiron from
the ironmaking plant to the molten iron treatment plant
using the transfer means, treating th::é molten iron at the
molten lron treatment plant, and thereafter transferring
tha_ receptacle containing the treated molten iron to the

- steelmaking plant.

Preferably the method includes ccintinuously
dlscharging molten iron f£rom the ironmaking vessel into one
of two receptacles at operative positions of the irommaking
plant. ' '

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention i1s described in more detail

_ hereinafter with reference to the accompanying drawings, of

which:

Figure 1 ig a layout of one embodiment of a
combined irommaking and steelmaking plant in accordance
with the present invention; and
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Figure 2 is a detailed view of ome part of the

layout shown in Filigure 1.

'DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The combined ironmaking and steelmaking plant

shown in the figures includes:

(a)

(b)

(c)

(d)

(@)

an ironmaking plant enclosed within the
dashed line marked CIU on the figure for
producing molten iron in accordance with the
HIsmelt processg in a fixed, compact direct

smelting vessael 11;

ladles 15 or other auitable receptacles for
receiving, holding, ard discharging molten

iron produced by the ironmaking plant,

a steelmaking plant that includes two basic
oxygen furnaces (BOF) 7 for producing steel
from the molten iron in accordance with the

basic oxygen process,

a molten iron treatment plant 41 in the form
of a desulphurisation plant for
desulphurising molten iron in a ladle 15;

and

a transfer meang for tranferring ladles 15
containing molten iron f£rom the direct
smelting wvessel 11 to the desulphurisation
plant 41 and thereafter transferring ladles
containing desulphurissed molten iron to the
BOFs 7 and for tipping the ladles to pour
molten iron from the ladles into the BOFs 7

at the steelmaking unif,
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The combined plant also includes a molten
gsolidification plant in the form of an iron casting plant

43 for casting molten iron into pigs.

The combined plant also incliudes a pair of ladle
heating stands 51 for pre-heating empty ladles prior to
moving the ladles to the ironmaking plant CIU to be filled

with molten iron.

The transfer means includes (a) rail-mounted
transfexr cars 55 ( shown more clearly in Figure 2 than in
Figure 1) that support and transfer ladles 15 filled with
molten iron from the dlirect smelting vessel 11 to the
dasulphurigation plant 41 and empty _.adles 15 to the vessagel
11, (b)) an overhead transfer crane 35 for iifting and
carrying the ladles 15, and (¢) a runway 9 that defineg a
path of movement for the crane 35, '

The rail-mounted transfer cars 55 facilitate
movement of ladles 15 filled with molten iron across the

width of the runway 9 from the direct smelting vessel 11 to

the desulphurisation plant 41.

The c¢rane 35 and the runway 9 facllitate
movement of the ladles 15 along the length of the runway 9
and across the width of the runway 9.

_ In addition, the transfer cars 55, the crane 35
and the runway 9 facilitate movement of pre-heated empty
ladles 15 from the ladle heating gstands S1 to the direct
smelting vessal 1l.

It 1s evident from the above and the figures that
the paths of movement of the transfer cars 55 across the
runway 9 and the crane 35 along the runway 9 intersect.
The transfer cars 55 and the crane 35 can move
independently of each other and, accordingly, in order to



. CA 02467310 2004-05-14 ~ "1 . . ot T

11

avold interference, the crane 35 is adapted to 1lift ladles
15 well clear <f the transfer cars £S.

, The steelmaking plant is characterised in that
5 the direct smelting vessel 11, the BOFs 7, the
desulphurisation plant 41, the pig casting plant 43, and
the ladle heating stands 51 are positioned in relation to
the transfer means so that the ladles 15 can be moved by
the transfer means to operative positions at the vessel 11,
10 the BOFs 7, the plantsg 41, 43, and the ladle heating stands
51.

.Specifically, the operative position.for the
ladles 15 at the direct smelting vessel 11 is the position
15 cf the ladlez 1b in the figures, 1e pPositions at which a
palr of the ladies 15 can receive molten iron directly from
the vessel 11 via a hot metal laundeir 13 and a tilter
runner agsembly 61l (see Figure 2).

20 The operative position for the ladles 15 at the
BOFs 7 is elevated positions at which the ladles 15 can be
tilted to pour molten ixron in the ladles 15 directly into
the BOFs 7.

25 The operative position for the ladles 15 at the
degulphurisation plant 41 is a positicon at which molten
metal can be desulphurised in the ladles 15.

The operative positions for the ladles 15 at the

30 direct smeiting vassel 11 and the desulphurisation plant 41
are at the same horizontal level and are directly across
from one another s6 that there is a straight line transfer
of the ladles 15 via the transfer cars 55 from the diract
smelting veggel 11 to the desgsulphurisgation unit 41.

35

| The operative position for the ladles 15 at the
plig caating plant 43 is an slevated posgition at which the
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ladles 15 can be tilted to pour molten iron in the ladles
15 directly into the parallel pig casting lines.

- The above-described locations of the direct
smelting vesigel 11, the steelmaking unit, the o
desulphurisation plant 41, the pig casting plant 43, and
the ladle heating stands 51 in relation to the transfer
means, and more particularly in relstion to the crane
runway 92, greatly facilitates efficlent transfer of molten
iron as required within the combined plant. In particular,
the above-described arrangement minimises the number of
ladles 15 and crane operations that are required to

transfer molten iron f£rom the direct smeltling vessel 11 to
the BOFs 7. '

/

The combined plant also includes end tap 1adles

- 25 for receiving and transferring mclten iron discharged

from the direct smelting vessel 11 via a launder 39 in an
end tap of the vessel. The positions of the vessel 11 and
the ladles 25 is selected so that the ladlesa 25 can be

lifted and moved by the transfer cramne 35 as required to
the BOFs 7., the desulphurisation plant 41, and the pig
casting plant 43.

The direct smelting vessel 11 iz a water-cooled

reffactory lined vessel that is adapted to contain a molten
bath of iron and slag. o

The vessel 1l i3 fitted with a gas injection |
lance (not shown) for delivering a cownwardly directed hot
air blast into an upper region of tke wvessel. In use, the
lance receives an oxygen-enriched hct air blast through a
hot gas delivery duct 31 that extends from hot gas supply
station 21. The hot gas supply station 21 includes a
series of hot blast stoves and an oxygen plant to enable an

oxygen-enriched air stream to be passed through the hot

blast stoves and into the hot blagt delivery duct 31l.
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The vessel 11 is also fitted with solids
injection lances 27 that extend downwardly and inwardly
through openings (not shown) in the side walls of the
vaessel for injecting iron ore fines, golid carbonaceous

5 material, and fluxes entrained in an oxygen-deficient
' carrier gas into the molten bath in the vessel.

Typically, the lances 27 are in 2 groups of

lances, with the lances 27 in one group receiving hot iron

10 ore fines supplied via a hot ore injection system and the

lanceg 27 in the other group receiving coal and flux via a
carbonaceous material/flnx injection system during a
smelting operation. The lances 27 in the 2 groups are

arranged alternately around the circumference of the
15 vassel.

The hot ore injection system includes a pre-
heat/pre-reduction unit 17 for heating and partially
reducing the iron ore fines and a hot ore transfer system

' that includes a meries of supply lines (not shown) and a
20 'supply of carrier gas (not shown) for transporting the hot
ore fines in the supply lines and injecting the hot ore '
fines into the vessel. '

The vesmsel 11 includes an offgas duct 32 which
25 transports offgas produced in the process away from the
vessel 11 to a treatment station 33 where it is c¢leaned and

passed through heat exchangers for preheating the materials
fed to the vessel 11.

30 - In a smelting operation in accordance with the
HIsmaelt proceseg, ore finesg, coal, and flux are injected
into the molten bath through the lances 27. The coal is
deveolatilizsed and thereby produces gass in the molten bath.
Carbon partially dissolves in the metal and partially

35 remaing as solid carbon. The ore fines are smelted to

metal and the smelting reaction generates carbon monoxide.
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The gases transported into the metal layer and generated by
devolatilisation and smelting reactions produce significant
buoyancy uplift of molten metal, solid carbon and slag.
Injection of the oxygen-containing gas via the lance post-
combusts reaction gases in the upper part of the vessel.

Hot metal produced during a smelting operation,is
discharged continuously from the vessel 11 into one of two
ladles 15 at the operative position of the vessel 11. The
molten iron is discharged intoc a ladle 15 through a metal
tapping system that includes the forehearth (not shown) and
hot metal launder 13 connected to the forehearth and the

tilter runner assembly 61.

The plant includes an end metal tapping system
for tapping:moltenbmétal from the vessel 11 at the end of a
smelting operation out of the lower ﬁart of the vessel and
transporting that molten metal away from the vessel 11.

- The end metal tapplng system includes a metal end tap hole

(not shown) in the vessel and the launder 39 for
tranaferring molten metal discharged from the vessel 11 wvia
the tap hole to the smeries of ladles 25 at the position

shown in the figures.

The BOFs 7, the desulphurisation plant 41, and
the pig casting plant 43 are conventional unit operations.

In use of the above-descriked combined ironmaking
and steelmaking plant, molten iron is produced in the
direct smelting irommaking plant CIU and is discharged
continuously from the vessel 11 into one of the ladles 15
at the operative posgition at the vesasel 11. When the ladle
15 ig full, the tilter runner assembly 61 re-directs the
continuous flow of molten iron from the vessel 11 into the
other ladle 15 at the operative position of the vessel 11.

The full Jladle 15 is transferred acrcss the runway 92 by it=s
asgoclated transfer car 55 to the desulphurisation plant 41
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and the molten iron is desulphurised in the ladle

15 .Thereafter, the ladle 15 containing the desulphurised
molten iron is lifted off its associated trangfer car 55
and is transferred by the crane 35 along the runway 9 to

the operative pogition of the BOF’s. Thereafter, the ladle
15 is tilted and the'desulphurised.mplten.iron 1s
discharged into one of the BOF’g. Scrap foxr the BOF ig
conveniently charged into the BOF from the opposite side
thereof. Thercafter, steel is produced in the BOF. After
the full ladle 15 hagp been empied at the BOF, the crane 35
transfers the empty ladle 15 to the ladle heating stands 51
and the ladle 15 is pre-heated as required for subsequent
use. When required, the pre-heated empty ladle 15 is
transferred by the crane 35 to the empty transfer car 55 at
the desulphurigation plant.41. Thereafter, the ladle 15 is
tranasferred by the transfer car 55 into the oparative'

pogition at the vessel 11 to receive a further charge of
molten iron.

_ Many modifications may be made to the embodiment
of the present invention described above without departing
from the spirit and scope of the invention.
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CLAIMS:

1. A combined ironmaking and steelmaking plant includes:

(a) a direct smelting ironmaking plant for producing molten iron from
an iron-bearing metalliferous feed material, the ironmaking plant including an
ironmaking vessel adapted to discharge molten iron continuously from the vessel;

(b) a steelmaking plant for receiving molten iron and producing
molten steel from molten iron, the steelmaking plant including a steelmaking vessel;

(¢) a desulphurisation plant for desulphurising molten iron;

(d)  at least a pair of ladles for receiving and holding molten iron from
the ironmaking vessel and for discharging molten iron directly into the steelmaking

vessel; and

(e) a transfer means for transferring the ladles between (1) an
operative position at the ironmaking vessel at which the ladle can receive molten iron
from the ironmaking vessel, (ii) an operative position at the desulphurisation plant, that
is remote from the operative position at the ironmaking vessel, so the molten iron can be
desulphurised and (iii) an operative position at the steelmaking vessel at which the ladle
can discharge molten iron directly into the steelmaking vessel and thereby links
together the ironmaking vessel and the steelmaking vessel, the transfer means
including:

. a transfer crane for supporting the ladle and a transfer crane runway that

defines a path of movement for the crane; and

. rail-mounted transfer cars for supporting and transferring the ladle containing
molten iron from the operative position at the ironmaking vessel to the operative

position at the desulphurisation plant; and

. wherein the transfer cars and the transfer crane are adapted to operate
independently of each other and the desulphurisation plant is adapted to
desulphurise molten iron in the ladle in situ on the transfer cars and the ladles
can then be carried by the transfer crane along the transfer crane runway to the

operative position at the steelmaking vessel and the treated molten iron can be
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discharged directly from the receptacle into the steelmaking vessel.

2. The combined plant defined in claim 1 includes a means for selectively
supplying molten iron discharged continuously from the ironmaking vessel into one or

other of the receptacles at the operative position at the ironmaking plant.

3. The combined plant defined in any one of claims 1 and 2 wherein the
operative position at the steelmaking vessel is an elevated position in relation to the

operative position at the ironmaking vessel.

4. The combined plant defined in any one of claims 1 to 3 wherein the
ironmaking vessel and the molten iron treatment plant are on opposite sides of the

transfer runway.

d. The combined plant defined in claim 4 wherein the operative positions at

the ironmaking vessel and the molten iron treatment plant are directly across from one

another.

6. The combined plant defined in any one of claims 1 to 5 further includes a
molten iron solidification plant for casting molten iron into pigs or other moulds or for
quenching molten iron into granules or for otherwise forming solid iron positioned in
relation to the transfer crane runway so that a receptacle containing molten iron can be
carried by the transfer crane along the transfer crane runway to an operative position

at the solidification plant and molten iron can be discharged from the receptacle into

the solidification plant.

7. The combined plant defined in claim 6 wherein the operative position at

the steelmaking vessel and the operative position at the solidification plant are at

opposite ends of the transfer crane runway.

8. The combined plant defined in any one of claims 1 to 7 further includes a

ladle heating stand positioned in relation to the transfer crane runway so that an empty
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ladle can be heated at the ladle heating stand and thereafter carried by the transter

crane along the transfer crane runway to the operative position at the ironmaking vessel

to be filled with molten iron.

9. The combined plant defined in any one of claims 1 to 8 wherein the direct

smelting ironmaking plant is adapted to produce molten iron by a molten bath-based

direct smelting process.

10. The combined plant defined in any one of claims 1 to 9 wherein the
transfer crane and the ladle are adapted to allow for tilting the ladle containing molten
iron towards the steelmaking vessel so that molten iron can be discharged from the ladle

while supported by the transfer crane.

11. The combined plant defined in claim 10 wherein the steelmaking vessel is
adapted to tilt towards the ladle containing molten iron when the ladle 1s at the
operative position of the steelmaking vessel to facilitate discharging of molten iron into

the steelmaking vessel.

12, A method of making steel in the combined ironmaking and steelmaking
plant defined in any one of claims 1 .to 11, includes: making molten iron in the direct
smelting ironmaking plant, discharging molten iron from the ironmaking vessel into the
receptacle at the operative position of the ironmaking plant, transferring the receptacle
containing the molten iron to the steelmaking plant using the transfer means,
discharging molten iron from the receptacle into the steelmaking vessel, and making

steel from the molten iron in the steelmaking plant.

13. The method defined in claim 12 further includes transferring the ladle
containing the molten iron from the ironmaking plant to the desulphurisation plant
using the transfer means, treating the molten iron at the desulphurisation plant, and
thereafter transferring the ladle containing the treated molten iron to the steelmaking

plant.
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14. The method defined in claim 12 or claim 13 includes continuously
discharging molten iron from the ironmaking vessel into one of two ladles at operative

positions of the ironmaking plant.
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