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SMELTING PROCESS AND APPARATLS

TECHNICAL FIELD

5 The present mvention relates to a process and an apparatus for smelting a
metatliferous material,
In particular, although by no means exclusively, the present invention rolates to
a sweliing provess and apparatus Tor sseling an fron-containing material, soch as an
iron ore, and producing tron,
The present fuvention also relates to othor smoeliing processes and apparatus

including, by way of example only, procosses and apparatus for smelting titania slag

and srueliing copper-contanung material,

BACKGROUND

ot
Lt

There are 8 muaber of known molten bath-based smeling processes,
One molien bath-based smelting process that 15 generally referved 1o as the
“Hismelt” process 1s desortbed in a considerable nomber of patents and patent

applications in the name of the applicant. Another molten bath-based simelting process

20 s reforred 1o hereinafter as the "Hisarna” process. The Hisama process and apparatus
are desenibed in International apphcation PCT/AUSWO0KE4 (WO 00/022176) in the
name of the applicant. Other known molten bath-based amelting processes nclhude by
way of example only, processes for smelting ttania slag and for smeltung copper-
containing roaterial.

25 The fellowing description of the mvention focuses on the Hismelt and the

Hilsarna processes,
The Hismelt and the Hisarna processes are associated particolarly with
producing wolten won from fron ore or another ron-conlaining matesial,
In the context of producing maolten tron, the Hlsmelt process includes the steps
3G of
(3} forming a bath of molten iron and molten slap in a smelting chamber of a

smelting vessel;
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(by mjecting into the bath: (1) ron ore, typically in the form of fines; and (1}
a solid carbonaceous material, typically coal, which acts as a reductant of the iron ore
feed material and a source of encrgy; and

{e} smelling ron ore to won in the bath,

Ut

The term “smelting” iy herein understoed to mean thermal processing wherein
chemieal reactions thet reduce wetal oxides take place to produce wolten metal,
in the Hismelt process solid foed materials in the form of metalliferous
naterial and sohd carbonaceows material are frgected with a carmer gas into the molien
bath through a number of lances which are inclined to the vertical 5o as o extend
18 downwardly and inwardly through the side wall of the smelting vessel and info a lower
region of the vessed so a8 to deliver at lzast part of the solid foed materials into the metal
fayver 1 the bottom of the smelting chamber, The sohd feed matenials and the carmier
gas pengirate the molten bath and cause molten metal and/or slag o be projected inte a
space above the surface of the bath and form a trassition zone. A blast of oxygen-
15 containing gas, typieally oxygen-eoriched alr or pure oxyvgen, is injected into an upper
region of the smelimg chamber of the vessel throogh g downwardly extending lance o
cause post-contbustion of reaction gases released from the molten bath in the upper
region of the vessell In the transition rone there is & favourable mass of asconding and

thereatter descending droplets or splashes or streams of molien metal and/or slag which

20 provide an effective medium to transfer to the bath the thermal energy geveraied by
post-combusting reaction gases above the bath,
Typieally, in the case of producing moelten won, when oxygen-enniched air s
used, i is fed at g tempersture of the order of 1200°C and is generated in hot blast
stoves. If technically pure cold oxygen 8 used, it is typieally fed at or close to ambient

25 tomperature,

{Mf-gases resulting from the post-combustion of reaction gases in the smelting
vessel are taken away from the upper region of the smelting vessel through an off-gag
duet.

The smelting vessel inclades refractory-lined sections in the Jower hearth and

30 water cooled panels in the side wall and the roof of the vessel, and water 13 circulated

continuously through the panels in a continuous cirouit.
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(%)

The Hlsmoeh process cnables Targe quantities of molten tron, typically at least
(.5 Mt‘a, to be produced by smelting in a single compact vessel.
The Hisarna process is carried out iy a smelting apparatus that includes (s} a

smehting vessed that includes a smeliing chamber and lances for injecting solid feed

Ut

matertals and oxygen-containing gas into the smelting chamber and is adapted t©
contam g bath of molten wetal and slag and (b} a smelt evclove for pre-treating a
metalliforous foed material that s positioned gbove and commumcates directly with the
smelting vessel.
The term “smelt cyclone™ is understood herein to mean a vessel that typically
18 defines a vertical eylindrical chamber and ts constructed so that feed materials supphied
to the chantber move in g path sround a vertical central axis of the chamber and can
withstamd high operaling temperatures sufficient to at least partially melt metalitferous
fend materials,
In one form of the Hisarna process, carbonaceons feed matenal (tvpreally coal)
15 and optionally flux (typically caleined hmestone) are injected into a molten bath in the
smetting chamber of the smelting vessel. The carbonaccous material 18 provided as a
source of @ reductant amd a source of energy. Metalliferous feed material, such as wron
ore, optionally blended with flux, i injected into and hested and partially melted and
partially reduced 1n the smelt cyelone. This molten, partly reduced metaliiferous
20 material fows downwardly from the smelt eyclone into the molien bath i the stoelting
vessed and is sielted to molten metal 1o the bath, Hot reaction gases {typeally CO,
COs, Ha, and Ha0) produced in the molten bath are partially combusted by oxygen-
containing gas {typically technical-grade oxygen) i an upper part of the amelling
chamber. Heat generated by the post-combustion is trapsforred o mohten droplets i
2% the upper section that fall back mto the molien bath to maintain the temnperature of the
bath. The hot, partially-combusted reaction gases flow upwardly from the smelting
chamber and enter the bottom of the smelt cyvelone. Oxygen-containing gas {typicatly
echnical-grade oxygen) is injected into the smelt cyclone via tuveres that are arranged

1 such o way as to generate a ovelonie swird pattern in a horizontal plane, 1.e. about

Lo}

[}

vertical central axis of the chamber of the smelt cyclone. This injection of exyzen-
containing gas leads to further combustion of smelting vessel gases, resulting m very

it {cyclonic) fHames. Incominyg metalliferous foed material, typically m the form of
bt oyl fi I > metalhif feed material, typically i the f
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fines, s miccted preumatically into these ames via tuyeres in the smelt cyclone,
resulting in rapid heating and partial welting accompanied by partial reduction {roughly
1-20% reduction). The reduction is due to both thermal decomposition of homatite
and the reducing action of COMH: in the reaction gases from the smachiing chamber, The
hot, partially mehed metallifercus feed muterial is theewn outwards oo the walls of
the smelt oyvelone by eyvclonic swivl action and, as desoribed above, Hows downwardly
wito the smelting vossel below for smelting i the smching chamber of that vessel,

The net effect of the above-deseribed form of the HIsarna process 18 2 two-step
countercurrent process. Metalliferous feed material is heated and partially reduced by
outgoing reaction gases from the smelting vessel (with oxvgen-containing gas addition)
and flows downwardly into the smelting vessel and i3 smelted to melten iron in

gongy ral s SONNY, this souniercurrent

&

smelting chamber of the smelting vessell Ina
grrangzement increases productivity and enorgy efficiency,

The Hlsmelt and the Hizsama processes include solids injection into molten
baths in smeliing vessels via water-cooled solids injection lances

A key feature of both processes is that the processes operate 1 a smeliing
vessel that inclndes a smgling chamber for smedting metallitferous material and a
forchearth connected to the smelting chamber vig a8 forchearth connection that allows
continnous metal product cutflow from the vessels, A forehearth operates as a molten
metal-filled siphon scal, vatarally “spithing” excesy molten metal from the srocliing
vessed as s produced. This allows the molten metal lovel 1 the smeliing chamber of
the smelting vessel to be known and controlled to within a small tolerance — s is
esaential fov plant safety. The molten metal fevel must (at all times) be kept at a safe
distance below water-coolad clements such ag solids injection lances extending indo the
smelting chamber, otherwise steam explosions become possible. 18 for this reason
that the forchearth is considered {0 be an inherent part of a smelting vessel for the
Hismelt and the Hisara processes,

The term “forchearth” is understood herein to mean a charober of a smelting
vessel that 1s open to the atmosphere and 1s connected to a smelting chamber of the
smelting vessel vig a passageway {referred to herem gy 2 “forehearth connection”™) and,
under standard operating conditions, contains molien metal iu the chamber, with the

forchearth connection heing completely filled with molten metal.
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Intermational publication WO 00/01854 in the name of the applicant describes
that 8 direet snuedting vessel that 13 an example of a vessel that can be used in the
Hismelt and the Hisama processes and comprises a hearth formed of refractory material
and side walls extending upseardly from the sides of the hearth, with the side wall
including water cooled panels. The Hismelt and the Hisarna processes are highly
sgitated and this resolts w refractory wear of the upper part of the hearth doe to
chemical attack and physical wear by molten slag and molten metal washiog and
splashing against the refractory material in the upper part of the hearth. This wear is
greater than i typically experienced in the hearths of blast furnaces m which the hot
metfal and slag is relatively quiescent.

The present invention cnables a significant reduction of such refractory wear
of the hearth,

The above description 13 not to be taken as an admussion of the common

general knowledge in Aunstralia or elsewhere.

SUMMARY OF THE DISCLOSURE

The present invention is based on a realisation that heat pipes, as described
herein, posttioned in g refractory-lined hearth of @ smeliing vessel, sach as by way of
example only a divect smelting vessed for the Hlsmelt and Hisama processes, ean
significantly reduce refractory wear of the refractory material of the hearth doe to
contact with molten material in the form of molten slag vr molen metal and make o

possible to use a wider range of refractory materials w the hearth then was previcusly
the case aud obtain operational benefits as a consegnence of the wader waterials
selection.

In broad terms, the present invention provides a smelting vessel for producing
molten metal mcluding a refractory loed hearth that in use 18 in contact with molion
slag or mollen metal In the vessel, with the hearth including a plurality of heat pipes
positienad in a refractory lining of at least a part of the hearth for cooling the refractory
hining.

The term “heat pipe” 18 understood herein fo mean a sealed elongate tube that

transters heat without divect conduction as the mai mechanism, using a fuid that
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vaporizes at a hot end of the wbe and condenses at a colder end of the tube and thereby
releases heat and reburns {0 the hot end.

The heat pipes may be positioped so that they do not extond out of the smelting

vessel
5 The refractory lined hearth may tnclude an upper part that in use s in contact
with molten slag in a slag zone in the vessel and a lower part that in use 18 i confact
with molten metal i a metal zone o the vessel.
The heat pipes may be posttioned in the refractory Bring of the apper part of
the hearth for cooling the refractory lining.
The heat pipes may be any sutiable shape.

The heat pipes may include lower sections that are artanged to extond
vertically i the refractory ining,

The lower sections may be straight sections,

The lower sections may be shaped, for example curved, having regard fo the
15 geometry of the hearth,

The lower sections of the Heat pipes may be paraliel to each other,

The lower sections of the heat pipes may be spaced apart from each other,

The spacing of the lower sections of the heat pipes may be the same.

The spacing of the lower sections of the heat pipes may be different.

20 The spacing of the lower sections Of the heat pipes may be the same in o

section of the heartl and different in another section of the hearth.
For example, there may be relatively more heat pipes mn areas that need more
cooling. By way of example, a slag drain tap hole area may require additional coohing.
There are 8 nunber of faotors that are velevant to the sclection of the spacing of
25 the heat pipes including, by way of example, the positions of the heat pipes, the anmount
of heat to be extracted trom the refractory material, the thermal conductivity and other
relevant characteristics of the refractory material, and the thormal conductivity of the
heat pipes.

The heat pipes may be posttioned completely around the hearth.

Lo}

[}

The heat pipes may be positioned m a ring completely around the hearth,
The heat pipes may be positionad in a plurality of radially spaced-apart rings

completely around the hearth.
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The heat pipes of one ring may be staggered crrcomiberentially with respect to
the heat mipes of a radially outward or radially myvward ring.

The heat pipes may be the same length.

The heat pipes may be difforent lengths.

The length of the heat pipes may increase with radial spacing of the heat pipes
fronn an inner sarface of the bearth w winch the heat pipes ave located.

The refractory Hining of the hearth i which the heat pipes are located may
have a oylindrical inner surface prior to the commenvement of g smelfing campaign in
the vessel.

The vessel may inclode a slag wone cooler positioned 1n the refactory lining of
the hearth for cooling the refractory lining, with the heat pipes being positioned bolow
the slag zone cooler, with upper sections of the heat pipes being 1 heat transter
relatipnship with the slag zone conler for transterring heat from the beat pipes o the
slag zone cooler.

The slag zone cooler may be of the type described in International publication
WO 2007134382 in the name of the applicant.

The slag zone cooler may be formed as a ving by a plurality of cooler elements.
Each conler element may be shaped 85 a segment of the ring, with the side walls
extendmg vacially of the ring,
ach cooler elemcnt may comprise a hollow apen backed cast shedl structure
having a base wall, a pair of aide walls, a front wall and 8 top wall formed integrally 1o
the cast shel structure and incorporating coolant How passages for flow of coolat
therethrongh,

The heat pipes may include npper sections that are arranged to oxtend radally

i1 the vicinity of the slag zone cooler to maximize heat transfer fo the slag zone coola

By way of example, the heat pipes may be generally upside-down L-shgped or

Bockey-stick shaped with vertically extending lower sections and radially or generalty
radially extending upper sections,
The vessel may include side walls extending upwardly from the hearth and a
plurality of cooling panels positioned around the side walls so as to form an inderior

ining on those sude walls.
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The vessel may include a device for tapping molien metal and g device for
tapping slag from the vessel, one or more than one lance for supplying solid feed
materials including solid metalliferous material and/or carbonaceous material into the

ssed, and one or more than one lance for supplyving an oxveen-confaining gas into the
vessel to post-combust gaseous reaction products generated in the direct smelting

The deviee for tapping molten metal may be a forehearth,

The vessel may inchude 4 smelt eyelone for partdally reducing and partially
melting solid metalhiferous material for the vessel positioned above the vessel.

The vessel may be adapled, by way of example, for producing ron-containmg
alloys by a molten bath-based direet smelting process,

According to the invention there i provided an assembly of (8} a slag woue
conler element for cooling a part of a refractory lining of a hearth of @ smelting vessel
and (b} heat pipes in heat transfer relationship with the slag rone cooler for transferring
heat from the heat pipes to the slag rone cooler.

It ase, a plurality of the assemiblics may be formed as a ring within the hearth of
the smelting vessel.

Each conler element may be shaped 85 a segment of the ring, with the side walls
extendmg rachally.

ach cooler elemcnt may comprise a hollow apen backed cast shedl structure

having a base wall, a pair of aide walls, a front wall and 8 top wall formed integrally 1o
the cast shel structure and incorporating coolant How passages for flow of coolat
therethrongh,

According to the invention there s provided 8 smeliing vessel for producing
nrolten mstal inchuding a refractory Hoed heartly having an upper part that i use s 10
sontact with slag in a slag 2one in the vessel and @ lower part that in use is in contagt
with molten metal in a metal zone in the vessel, the hearth including {a8) a slag zone
cooler positioned in a refractory lning of the upper pant of the hearth for cooling the
refractory Hming and (b} a plurality of heat pipes positioned 1 the refractory lining of
the upper part of the hearth below the slag zone cooler for cooling the refractory lining,
with apper sections of the heat pipes being in heat travsfer relationship with the slag

zone cooler for fransterring heat from the heat pipes to the slag zone vooler and lower
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sections extending downwardly within the upper part of the hearth from the slag zone

-l

cooter,
The slag zone conler and the beat pipes may be formed as an assambly of the
Iwo caruponents,

According to the invention there is provided a process for smelting a
metatliferous feed material including owelting the metalliferons feed matenial in &
melten bath i the above-described smelting vessel,

The provess may nclude (a) at least partially reducing and partially melting the
metalliferous feed material in a smelt cyelone and (b) completely smelting the at feast

partiatly reduced/melted ruaterial 1o the molien bath of the above-deseribed smelting

vessel
The metalliferous fecd material may be any matenial thai contains mela
oxides.

The metalliferons foed material may be ores, partly reduced ores and muetal
coptaiing waste streams,

The metalliferous feed material niay be an ron-containing feed material, such
as an ivon ore. i that event, the process may be characterised by maintaining a
temperature of at least IOOPC, typically at least 1200°C in the smelt oyclone.

The matalliferous feed material may be a titania slag.

The metathiforous feed miaterial may be a copper-contatming feed matenal.

The provess may include maintaimiog the oxveen potential 1o the smedt eyvelone
that 1s sufhicient so that the offgas from the smell eyelone has a post combustion degree
of at least 80%.

According to the present invention there is also provided an apparatus for

snelting metalliferous foed materiad that inelodes the above-deseribed smelting vessel.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is described further by way of example with reference to
the accompanying drawings, of which:
Figure 1 is 8 schematic diagram which illosteates one embodiment of a plant for

direct smelting ron-contaming metathferons foed material to moelien fron in accordange
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with the Hlsama direct smeliing process, with the plant including g divect smelting
vessel and a smelt oyelone positioned on the vessel;
Figure 2 1s an enlargement of a lowsr seetion of part of an embodiment of a

divect smelting veasel in accordance with the invention prior to the conmmencement of a

dirget smelling process in the vessel, with the Figure including the lovels of molien
metal and molien sdag that would be in the vessel under steady state operabion of the
provess, with the levels shown under quiescent, Lo, non-operating, conditions i the
vessed;

Figure 3 is a schematic perspective view that illustrates a segment of an upper

part of the hearth of the vessel shown tn Figare 2 with the refractory matenial removed

to show the slag zone vooler and the heat pipes of the embodiment;

Figure 4 15 an underside view of the arrangement shown ?igure 3;

Figure § is an end view of the arrangement shown in Figure |

Figure & 1s an enlargement of a lower section of part of another, bot not the only
other possible, embodiment of a direct smelting vessel in accordance with the invention
which has the same arrangement of hieat pipes (o that shown in Figures 2 to 5 and shows
the lower section after the divect smelting process has been uperating in the vessel for a
perind of time and thereby ilostrates wear of the refractory roaterial in the hearth;

Figure 7 is an enlargement of a lower section of part of another, but not the only
other possible, embodiment of a divect smehiing vessel n accordance with the tnvention
which has a different arvangenent of beat pipes to that shown in Figores 2 to 3 and
shows the fower section after the direct smelting process has been operabing in the
vessel for a period of time and thereby iHustrates wear of the refractory material in the
hearth; and

Figure & 1y an enlargemant of a lower section of part of another, but not the ondy
other possible, embodiment of a direct smelting vessel in accordance with the mvention
which has a different arrangement of heat pipes to that shown in Figures 2 to § and
shows the lower section after the direct smelting process has been operating in the
vessel for a penod of thme and thereby lustrates wear of the refractory material in the

hearth.
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PESCRIPTION OF EMBODIMENTS

The process and the apparatus shown in Figure | is an enhodiment of an

Hisarma process and apparatus. The process and the apparvatas of the invention are not

Ut

confined to the Hisarna process and apparatus and also extend to the Hismelt and any
other raclten bath~based smeling process and apparatus,

The process and the apparatos shown in Figure | s based on the use of an
apparatus that inchudes a smelt evelone 2 and a molien bath-baged divect smelting vessel
4 located divectly beneath the smelt cyelone 2, with direct conununication between the
18 chambers of the smelt eyclone 2 and the stocliing vessel 4.

With reference to Figure 1, 2 blend of metalliferous feed material in the form of
maguetite-based ore {or other iron ore) with & top size of & mm and mestone 1 1s fed,
via an ore dryer, into the smelt cyelone 2 using a pnowmatic conveving gas fa.
Limestone represents roughly R-10 wi % of the combined stream of ore and hmestone,

185 Cout 3 is fed, via a separate drver, to the smelting vessel 4 where it i3 njected into a
molten bath of metal and slag using conveying gas 2a. Oxygen 7 is injected nto the
smelting vessel 4 to post-combust gases, typically CO and Ha, generated i and released
from the moelten hath and provide the necessary heat for the smelting process in the bath

before the gases flow upwardly from the smelting vessel 4 inte the smelt cvelone 2.

20 Oxyges 8 13 injected into the el eyclone 2 to further combust the smelting vessed
gases, resudting n very hot (cyelonic) Hames in the smelt cyclone 2 that preheat and
partly melt the ore. Typically, the oxygen 7 and § 1s technical-grade oxygen.

The net effect of the above-described form of the Hisarna process is a two-stap
countercurrent process, Metalliferous food material 18 heated and partially reduced in

2% the smelt oyclone 2 by outgoing reaction gases from the smelting vessel 4 and Hows
downwardly iitte the smelting vessel 4 and is smelted to melten won.

Muotien iron 5 is discharged from sinelting vessel 4 via forchearth.
Maolten slag 6 produced in the process 13 discharged froms smehing vessel 4 viaa
slag tap hole.

30 The operating conditions, including but not Iimited ¢, coal and ore feed rates,

xygen foed rates to the divect smetting vesael 4 and the smelt cyelone 2 and heat osses

f!»-
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from the smelting vessel 4, are selected so that offgas leaving the smelt cyelone 2 vig an
offeas outlet duct 9 has a post-combustion degree that 13 typically at least 80%,.
Oifgas from the smelt cyclone 2 passes via an offzas duct 9 to an offpas

fncinerator 1, where additiona] oxvgen 11 s injected to burn residual COH; and

Ut

provide a depree of free oxveen {(typically 1-29%) in the fully combusted flue gas.

Fully corabusted gas then passes throagh a waste heat recovery section 12 where
the gas s cooled and steam s generated. Flue gas then passes through a wet serubber
13 where cooling and dust removal gre achieved. The resulting slodge 1416 available
for recycle to the smelter via the ore feed stream 1.

Cool flue gas leaving the serubber 13 §s fed to a flue gas desulphurisation unit
15, Clean flue gas is then vented via a stack 16, This gas consists nainly of OO and,
if appropriate, 1t can be compressed and geo-sequestered (with appropriate removal of
residual non-vondensable gas species),

The smelting vessel 4 is of the type described in the ahove-mentioned

15 ioternations! publivation WO /01854 in the name of the applicant aud comprises a
hearth formed of refractory matenial and side walls extending uprwardly from the sides
of the hearth, with the ¢side wall mchuding water conled panels, The disclosurs in the
International publication is incorporated herein by cross-reference,

Figures 2 to § show an arrangement of heat pipes 21 m a refractory lined

20 hearth of a divect smelting vessel 4 of the gencral type shown in Figore 1 which also
faciodes heat pipes 21 in a section of 8 hearth of the vessel i accordance with ong
embodiment of the imvention.

Ag is described in move detad] below, in use, the heat pipes 21 sigmficantly
reduce refractory wear of the refractory material of the hearth doe to contact with

25 molten yoatenal in the form of molten slag or molten metal and make 1t possible to use a

wider range of refractory materials in the hearth than was previously the case and obtain

oporational benetits as a consequence of the wider materials selection.

Figure 2 is an enlargement of a lower section of part of an exbodiment of a

divect smelting vessel 4 in accordance with the invention prior to the commencement of

Lo}

[}

a direct smeliing process i the vessel. The Figure shows the levels of molten metal
and molten slag that wouald be in the smelting vessel 4 ander steady state operation of

the process, with the levels shown under quiescent, 1.e. non-operating, conditions. The
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13
smelting vessel 4 may be a part of the Hisarna plant described i relation to Figure 1 or
any other divect smelting plant. Figure 3 15 a schematic perspective view that ilustrates
a scgment of an upper section of the hearth of the smelting vessel 4 shown in Figure 2
with the refractory material revaoved to show a slag zone cooler 20 and the heat pipes
21 of the embodiment, Figures 4 and 5 are underside and end views, respectively, of the
grrangement shown m Figure 3

With reference to Figure 2, the refractory Hued hearth has an upper part 25 that
1 use is i contact with molten slag in a slag zope 18 in the vessel 4 and a fower part 26
that m use is in contact with molen metal in a metal rone 19 in the smelting vessel 4.
The slag zone 18 and the metal zoue 19 are shown under quicscent, Lo, pon-operating,
conditions. It is well understood that the slag and metal zones would be highly agitated
under sfeady state operation of the Hlsama and Hismelt and other molten bath-based
dirgot smelting processes,

The bearth includes a base 43 and sides 44 that include a refractory lining i the
form of refractory bricks, a forchearth 27 for discharging molten metal continuously
and a tap hole 28 for discharging molten slag, The upper annndar surface 31 of the
heartly tapers upwardly and ocutwardly 1o the vessel side wall. In use of the vessel, this
part of the hearth is exposed to splashing with molten motal and slag,

The hearth also mcludes;

{a} a slag zone cooler 20 positioned in the reftactory Hining of the upper patt of
the hearth for cooling the refractory hining ju that part of the bearth and

{b} a plurabity of heat papes 21 positioned 11 the refractory lining of the upper
part of the hearth below the slag zone cooler 20 for cooling the refractory Huing in that
part of the hearth,

The slag zore conler 20 18 as deseribed in International publication WO
2007/134382 in the name of the applicant and the disclosure in the International
publication 18 incorporated herein by cross-reference. The slag zone cooler 20 is formed
as a ring by a plurality of conler elements. Each cooler element is shaped as g segment
of the ring, with the side walls extending radially of the ring. Each cooler element
comprises @ hollow open backed cast shell structure having & base wall, a pair of side
walls, a front wall and 2 top wall formed integrally 1o the cast shell stroctore and

meorporating coolant flow passages tor flow of conlant therethrough.
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Each slag rone cooler element and the associated heat pipes in heat transfer
relationship with the slag vone cooler element may be fornved ax an assembly that can
be instatied as an assembly on-site. Alternatively, the slag zone cooler cloments and the

heat pipes may be separately installed on site.

Ut

The refractory hning of the upper part 25 of the hearth is efficiently cooled and
supported by the slag zone cooler 20, The slag zone cooler 20 significantly reduces the
rate of wear of the refractory material in this part of the hearth,  In particular, opesation
of the slag zone covler 20 couls the refractory lining to below the solidus temperatre of
the molten slag in the region of the lining and canses slag to freeze onto its surface, and
18 the frosen slag provides a barrier o further wearing of the vefractory material,

The heat pipes 21 are positioned so that thoy do not extend out of the smelting
vessel 4,

-
;
A

The heat pipes 21 are vertically extending paralle] straight pipes. The heat pipes
21 extend downwardly vertically and parallel to cach other within the upper part of the

15 hearth from the slag zone cooler 21, The heat pipes 21 cood the refractory Hning of the
upper part of the hearth that 1s below the slag zone cooler 20, The upper sections of the
heat pipes 21 are in heat transfer relationship with the slag vone cooler 20 and transfer
heat from the heat pipes 21 to the slag zone cooler 20, Typically, the heat pipes 21 are
positionad all of the way around the hearth. The heat pipes 21 are arranged i four

20 radially-spaced apari rings 1o the enmtbodinmient shown to Figures 2o S0 Thig
arvangenent can best be seen it Figure 4. The heat pipes 21 in cach ring are staggered
cireumnferentially with respect to the heat pipes 21 in the radially mward and radially
outward rings of heat pipes 21, The length of the heat pipes 21 increases with radial
spacing of the heat pipes 21 from an tnner surface of the upper part 25 of the hearth in

2% which the heat pipes are lovated.

The heat pipes 21 may be in auy other suttable arrangement and priemation. By

way of cxample, the inveution is not confined to arrangoments in which the heat pipes
21 are vertical, By way of further example, the invention i3 not confined 1o
arrapgements in which the heat pipes 21 are straight ~ the heat pipes 21 may include

curved sections to accommadate structural foatures of the hearth. By way of further

Lo}

[}

example, the invention 13 not confined to arrangersents in which the length of the heat
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pipes 21 mcreases with radial spacing of the heat pipes 21 from the inner surface of the

upper part 25 of the hearth.

The heat pipes 21 may be of any suitable construction. Typically, the heat pipes
21 contain water, Any other saitable heat transfer floid at operating temperature may
be used, such as gleohol, acetone pr even metal as sodium,

The heat pipes 21 rewove heat from the refractory material of the refractory
iining, The objective of the heat pipes 21 is 1o mainiain as large as possible a velume of
the refractory material of the vefractory Hinmng in which the heat pipes 21 are positioned
below the solidus temperature of the slag in the region of the refractory lining o cause

slag to freese onto the surface of the hiearth and fonm a frozen slag layer that acts as a
barrier to wear,

T a oghly agitated divect syoelling process, such as the Hisama and Hlsmelt
processes, movement of slag and to & lesser extent molten metal 1 the smelting vessel 4
cavses wear of the refractory material of the hearth of the smelting vessel. The wear
can be of different natire such as erosion, chemical attack by FeO, Ti(h and other
aggressive oxides contained in the molten slag. Metal washing and splashung against the
refractory material in the upper part of the hearth can also be part of the wear
mechanism and enhancing g frecze lining will contribute to keep the refractory isolated
from these aggressive condition causing wear. The applivant has found that, typically,
molten slag flows dowmwardly over the upwardly and ontwardly inclined upper part 31
of the hearth and then downwardly over the interior surface of the sides of the hearthy,
This movement progressively wears the refractory lining and forms an undercut in the
refractory material.

This undercut wear pattern is tHostrated in Fignres 6 to §,

Figures 6-8 are enlargements of lower sections of parts of other embodiments of
direct smelting vessels 4 1 accordance with the invention. Figure 6 has the same basic
arrangement of heat pipes 21 to that shown i Figures 2-5, and Figures 7 and 8 have
siniilar arrangements of heat pipes 21 to that shown in Pigures 2-5. The Figures show
the smiclting vessels 4 after the divect smelting process has been operating in the vessels
4 for a perted of time, The Figures illustrate the undercot 41 1n cach refractory hining in
the region of the heat pipes 21 that s the result of wear of the refractory material in the

hearth,
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The heat pipes 21 shown in Figure 7 are generally inverted hockey-stick shapes,
witly vertically extending paraliel lower sections 53 and generally radially extending
upper sections 45, The heat pipes 21 shown in Figure 8 include threo generally mverted

-

L-shapes with vertically extending parabiel lower sections 33 and radially extending

wpper sections 55, The fourth heat pipe 21 in Figure 8 is a straight pipe. The lower

Ut

sections 33 of the heat pipes 21 in Pigores 7 and K exfend downwardly vertically and

paratlel to cach other within the upper part of the hearth below the slag zone cooler
The lower sections 53 cool the refractory huing of the upper part of the hearth that is

below the slag zone cooler 20, The generally radially extending upper sections 55 of

18 the heat pipes 21 are in beat transfer relationship with the slag wove coolor 20 and
transfor heat from the heat pipes 21 to the slag zone cooler 20, The slag zone coeler 20
exiracts the heat from the smelting vessel 4. The generally radially extending upper

sections 33 are positioned 1n close proxumity to the slag rone cooler 20 and thereby
facihitate the heat transfer. It is noted that the invention is not himited fo these L-shaped

15 or hockey-stick arrangements and the heat pipes 21 may be any suitable shape.

Computer simadation modeling work carried out by the apphicant indicates that
the extent of the wear and consequential underent due 10 contact with wodien slag i3
significantly redoced with the arrangement of heat pipes 21 shown in the cmbodiments
of Figures 2-8 compared to the wear that would occur if the heat pipes 21 were not

20 positioned in the refractory huing.

Wear of the refractory Bning 13 a serions issue because Hcan significantly
shorten the operating life of the smelting vessel 4. The design of direct smelting
vessels has included the wse of refractory materials that ave wear-resistant at the
operating temperahures of the diveot smelting process. In the case of smelting fron-

2% containing feed matenials, the refractory materials have fo be wear resistant at
temperatares in the range of 1400-1500°C,  There v a limited group of available
refractory materials that are suitable for use for the construction of hearths for direct
smelting iron-containing feed materials, and these refractory materials tond o be

expensive. By way of example, such refractory materials inchude high chrome

Lo}

[}

refractory materials,
The heat pipes 21 maake it possible o maintain the refractory Haing in the upper

part 23 of the hearth at g lower teraperature, while maintaining the effectiveness of the
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barriers provided by the frecze slag hining, As a consequence, the refractory huing may
be made from a wider range of refractory materials than was the case proviously. There
are cost benefits iy having access t0 a wider range of niaterials. In addition, the wider
range of materials inchades materials that have better thermad conduetivity than the
currenthyv-used materials. The improved thermal conductivity further enhances heat
removal and therefore maintsining the refractory waterial below the solidus femperature
of the molten slag in the region of the refractory Hining.

Many modifications may be made to the eraboditaent of the process of the
present invention described above without departing from the spirit and scope of the
invention.

By way of example, whilst the enbodiments include arrangements of heat pipes
21 1w which the lengths of the heat pipes 21 increase with radial spacing ot the heat
pipes 21 from an inner surface of the upper part of the hearth in which the heat pipes are
focated, the present invention is not so hmited and the heat pipes 21 may be of any
suitable length,

By way of example, whilst the embodiments include a slag zone cooler 20, the
present invention s pot 3o Hmited and extends to arvangements in which there are no
slag zone coolers 20, It is noted that slag zone coolers 20 of the type shown in the
embodiments are a convenient option to facititate heat transfer from the heat pipes 21 to
outside the vessel 4.

By way of exampie, whilst the embodiments focus on eontact of refraciory
finings with molten slag, the present invention 1s not so hmited and also extends to

situations where refractory linings are contacted by molten metal.
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CLAIMS

I A smelting vessel for producing molten metal including a refractory Hned hearth
that 1 ase 18 1o contact with molten slag or moolten wetal inthe vessel, with the hearth
including a plurality of heat pipes positioned in a refractory lining of at least a part of

the hearth for cooling the refractory lining.

2. The vessel defined 1o claim 1 wherein the hearth includes an upper part that in
nse is in contact with molten slag iy a slag vone in the vessel and o tower part that 1o vse

is i contact with molten metal in a metal zone in the vessel, with the heat pipes being
positioned in the reftactory Hining of the upper part of the hearth for cooling the
refractory lining,

The vessel defined m claim | ov olaim T wherein the heat pipes melode lower

L)

sections that extend vertically in the refractory lining.
4. The vessel defined in clain 3 wherein the lower sections of the heat pipes are

straight sections.

LN

The vessel defined m claim 3 wherein the lower sections of the heat pipes are
shaped, for example curved, having regard to the geonmetry of the hearth.

6, The vessel defined In any one of clairos 3 o § whereln the lower sections of the
heat pipes are parallel to each other.

7. The vessel defined inany one of the claims 3 1o 6 wherein the fower sections of
the heat pipes arve spaced apart from cach other.

&. The vessel defined in claim 7 wherein the spacing of the lower sections of the
heat pipes i3 the same.

Q. The vessel defined o clatm 7 wherem the spacing of the lower sections of the
heat pipes is different.

10, The vessel defined in claim 7 wherein the spacing of the lower sections of the
hieat pipes 18 the same in one section of the hearth and different i another section of the
hearth.

1. The vessel defined inany one of the preceding claims wherein the heat pipes are
positioned completely around the hearth,

12. The vesael defined n any oue of the preceding olaims wherein the heat pipes are

positioned in a ring completely around the hearth,
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13, The vessel defined tn any one of the preceding elatms wherein the heat pipes are
posittoned in 8 phurality of radially spaced-apart rings completely around the bearth.
14, The vessel defined i any one of the preceding claims wherein the heat pipes
the same fength.

15, The vessel defined in any one of claims 1 to 13 wherein the heat pipes are
different lengths.

16, The vessel defined i any one of the preceding claims wherein the length of the
heat pipes increase with radial spacing of the heat pipes from an inner surface of the
upper part of the hearth in which the heat pipes are located.

17, The vessel defined in auy ove of the preceding olatms whereln the vefractory
{ining of the hearth in which the heat pipes are located has a oylindrical inner surface
prior (o the conmnencement of a sroeliing campaign in the vessel.

18, The vessel defined in any one of the preceding claims includes a slag zong
cooler pasitiened in the ra—‘:{rz‘z,e:'m;fy hning of the hearth for coohing the refactory lining,
with the heat pipexs being positioned below the slag zone cosler, with upper sections of
thie heat pipes being i heat transfer relationship with the slag zone cooler for
wramaferring beat from the beat pipes to the slag zone cooler.

19, The vessel defined in claim 18 wherein the heat pipes include upper sections
that are arranged to extend radially in the vicinity of the slag zone cooler to maximize
hieat transfer o the slag wone cooler.

20, The vessel defived in claim 19 wherein the beat pipes are generally L-shaped or
hockey-stick shape;i with vertically extending lower sections and radially or generally
21, The vessel defined i sny one of the preceding claims inchudes side walls
extending upwardly from the hearth and a plurality of cooling panels positioned around
the side walls 50 as to form an inferior lining on those side walls,

22, The vesacl defined n any one of the preceding claims includes a device for
tapping molten metal and g device for tapping slag from the vessel, one or more than
one fance for supplying solid feed materials including solid metaliiferous material
aniior carbonaceous matengl into the vessel, amd one or more than one lance for
supplying an oxyvgen-containing gas into the vessel to post-combust gaseous reaction

prodducts generated i the direct smelting process.
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23, The vessel defined in olaim 22 wherein the device for tapping molten metal s a
forehearth.

24, The vessel defined in any one of the preceding claims mcludes a smelt eyelong
for partially redocing and partially melting solid wetalliferous matenial for the vessel
25 A smelling vessel for producing molten metal including a refractory lined hearth
having an upper pard that inuse w i contact with slag in a slag rone in the vessel and s
fower part that i use is m contact with molten metal in a metal zone in the vessel, the
hearth including (1) a slag zove cooler positioned 1o a refractory Hning of the upper part
of the hearth for cooling the refractory lining and (b) a plurabity of heat pipes positioned
in the refractory lintog of the apper part of the hearth below the slag zone cooler for
cooling the refractory lining, with upper sections of the heat pipes being in heat transfer
relationship with the slag zone covler for transferming heat from the heat pipes {o the
slag zone conler and lewer sections extending downwardly within the upper part of the
hearth fromw the slag zone cooler,

28, A process for smelting a metalliferons feed material comprising smelting the
metaliiferous teed material in g molten bath in the simelting vessel defined in any one of
the preceding clatms.

27, The process defined in claim 26 includes (&) at least partially reducing and
partially melting the metalliferous feed material in a smelt eyclone and (b} completely
smehing the at least partially reducedfmedied material in the molten hath of the above-
deseribed stoeling vessel

28, The process defined m claim 26 or claim 27 wheren the metalliferous feed
material inchudes an rop~containing feed material, such as an iron ore.

29, The process defined in claima 26 or claim 27 wherein the metalliforons feed
material jnctudes a ttama slag.
3. The process defined in claim 26 or claim 27 wherein the metalliferous feed
material includes a copper-containing {eed material, such as a copper-containing ore.
310 An apparains for smelting metalliforous feed material that includes the simeliing

¥

vessel defined i any one of claims 1-24.
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