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(57) Abrege(suite)/Abstract(continued):
lance furnace. Air or oxygen (16), Is Injected Into the molten charge In the ISASMELT furnace (14) via the submerged lance. In

furnace (14), the feed mixture iIs converted into lead bullion and a lead-containing slag. The lead bullion Is removed via a taphole or
welr (18). The slag Is removed via a taphole or welr (20). The slag (20) removed from the furnace (14) is formed into lumps having a
desirable size range. The slag lumps (20), together with coke and flux (26) are fed into a blast furnace (28). In the blast furnace
(28), the slag Is converted into lead bullion that Is removed via a taphole or welr (30) and discard slag that Is removed via a taphole
(32). The lead bullion removed at (18 and 30) may be subsequently fed to a lead refinery (34) for further treatment.
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METHOD AND APPARATUS FOR LEAD SMELTING

FIELD OF THE INVENTION

The present invention relates to a method for producing lead from a material
containing lead sulphide. In another aspect, the present invention also relates to an

apparatus for producing lead.
BACKGROUND TO THE INVENTION

The most important lead ore is galena, which consists primarily of lead sulphide.
Production of lead from such ores typically involves a froth flotation step to form a lead
sulphide containing concentrate. The lead sulphide containing concentrate typically
includes lead sulphide, zinc sulphide, iron sulphide, silica and calcium oxide. The

concentrate is subsequently smelted to produce lead metal.

Conventional lead smelting plants include a sinter plant. The concentrate passes
through the sinter plant prior to the smelfing step in a blast furnace. In the sinter plant, the
concentrate is burned or roasted to produce an off gas containing sulphur dioxide and
sintered product containing lead oxide, silica and other oxides. The sinter plant oxidizes

the concentrate and removes the bulk of the sulphur from the concentrate.

Typical sinter plants have a moving grate on which the concentrate rests. The
moving grate moves over a number of wind boxes, through which a current of air blows
upwards. The sinter plant requires special feed control, particularly of particle size and
moisture content, in order to ensure proper operation of the sinter plant. Very large sinter
recycle ratios are also required in order to control the amount of heat generated in the
sinter plant. It is important to control the operation of the sinter plant in order to avoid the
formation of any lead metal in the sinter plant, as this would block the moving grate

within the sinter plate.

In the sinter plant, the sulphide species are largely converted to oxides and fine
powders are agglomerated into lumps. The agglomerated particles may be broken up to a
size convenient for use in the downstream blast furnace. The sinter plant gases are routed
to gas cleaning equipmént for recovery of any fumes and for the removal of sulphur

containing gases to form sulphuric acid.
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The sinter leaving a sinter plant is suBsequently used as a feed to a lead smelting
blast furnace. The sinter is mixed with a carbonaceous material (typically coke) and a
tflux (such as limestone) and fed into the top of a blast furnace. In the blast furnace, air is
injected through tuyeres located towards the bottom of the blast furnace. As the air
passes upwardly through the furnace, 1t causes combustion of some of the coke to supply
energy for the smelting prooesé. The presence of coke ensures that a reducing atmosphere
1s largely maintained within the reactive zones of the furnace, thereby reducing the lead
oxide in the sinter to lead metal. Lead metal is tapped off from the bottom of the furnace
and either cast into ingots or collected in ladles for transferring to a lead refining process.
The lead metal that is collected from the blast furnace is conventionally referred to as lead
bullion, because that lead metal acts as a collector for any precious metals in the

concentrate.

The above described conventional process for producing lead (incorporating a
smtering plant and a blast furnace) is used to recover approximately 80% of worldwide

lead production.

Other processes for recovering lead from sulphide ores and concentrates have also

been developed. These processes include Kivcet process, the QSL process and the
ISASMELT process.

The ISASMELT process utilises gas injection into melts via a top entry
submerged lance. Injection of gases via the top entry submerged lance produces a very
turbulent bath in which high intensity smelting or reduction reactions take place. In the
ISASMELT process, a two stage process may be utilised. In the two stage process, lead
concentrate 1s added directly to a molten slag bath in a smelting furnace. This produces a
lead containing slag, which is transferred to a second furnace in which that lead
containing slag is reduced to form lead bullion. Both furnaces use top entry submerged

lances for injection of gases.

The ISASMELT process can also be used to directly reduce some of the
concentrate added to the smelting furnacé to lead bullion. Typically, concentrates
containing high levels of lead, such as between 55% to 80%, but more preferably between
60% to 75% have been processed in this manner, although concentrates having lead

concentrations outside this range may also be processed using direct smelting.
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It 1s an object of the present invention to provide an alternative lead smelting

method and apparatus for producing lead from lead sulphide containing materials.
BRIEF DESCRIPTION OF THE INVENTION

In a first aspect, the present invention provides a method for producing lead from

a material containing lead sulphide comprising the steps of

(a) feeding the material containing lead sulphide to a lead smelting furnace to

produce a lead-containing slag and lead bullion;
(b)  removing the lead bullion from the lead smelting furnace
(c) removing the lead-containing slag from the lead smelting furnace; and

(d) feeding the lead-containing slag to a blast furnace ‘wherein the lead-

containing slag is converted into lead bullion and a discard slag.

In step (a) of the process of the present invention, the feed material containing
lead sulphide 1s fed into a lead smelting furnace. In this furnace, the feed material is
processed under conditions such that a proportion of the lead sulphide is converted into
lead metal and another proportion of the lead sulphide is converted such that it reports to
the slag in the furnace. Thus, the slag in the lead smelting furnace is a lead-containing
slag. The lead in the slag is normally in the form of PbSi0,. It can be seen that the

_products leaving the lead smelting furnace include lead bullion, a lead-containing slag and

off gases. The off gases will typically contain sulphur dioxide. Accordingly, the off

- gases are suitably treated to remove sulphur dioxide therefrom. The sulphur dioxide is

preterably used to produce sulphuric acid.

- The off gases leaving the lead smelting furnace may also contain some lead fume
(which may be in the form of fumed lead sulphide). The lead fume is recovered to meet
applicable environmental standards and also to enable the lead fume to be recycled to the

lead smelting furnace to minimise loss of lead from the feed material.

In one preferred embodiment of the present invention, the lead smelting furnace
comprises a top entry submerged lance furnace. Such a furnace suitably comprises a
simply, stationary, refractory-lined furnace. The top entry submerged lance is used to

inject oxygen (which may be in the form of air) and fuel into a bath of molten slag. One
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such top entry submerged lance technology is an ISASMELT furnace, (developed by
Mount Isa Mines), available for design and installation by Xstrata Technology. Other top
entry submerged lance technology smelters also exist and could be used in the present

invention as well.

Although an ISASMELT furnace is a preferred furnace for use as the lead
smelting furnace, it will be appreciated that any other furnace that is capable of directly
producing lead bullion and lead containing slag from lead sulphide containing feed

materials may also be used in step (a).of the present invention.

The lead bullion produced in step (a) is suitably removed from the lead smelting
furnace and either directly recovered or sent for further refining to increase the purity
thereof. The lead bullion may be removed continuously, it may be removed when the
amount of lead bullion in the smelting furnace reaches a set level or it may be removed

after set time periods.

The slag formed in the lead smelting furnace is also removed from the lead
smelting furnace and subsequently used as a feed material to the blast furnace. The slag
removed from the lead smelting furnace is suitably cooled (or allowed to cool),
whereupon it solidifies. Appropriate size reduction of the solidified slag may take place
in order to obtain lumps of the lead-containing slag having a size distribution required for
use as a feed material to the blast furnace. The molten slag may be cast and subsequently

broken up using appropriate size reduction equipment, or it may be cast into appropriately

sized moulds. Alternatively, the slag may also be granulated and then agglomerated or

pelletised to enable it to be fed to the blast furnace.

The lead containing slag is used as a feed material to the blast furnace. In the
blast furnace, the lead-containing slag is suitably fed together with metallurgical coke into
the top of the blast furnace. The slag and the coke are suitably sized within a desired size
range to ensure an even mix thereof and to ensure the porosity of the material in the shaft
of the blast furnace is maintained as the feed moves down within the furnace. Tuyeres in
the lower part of the blast furnace burn the coke to carbon monoxide, which reacts with
the slag just above the tuyeres to produce lead metal and a discard slag. The discard slag
typically contains less than 3% lead oxide, preferably less than 2% lead oxide. The rising

hot gases from the tuyeres zone pre-heat the feed mix as it travels slowly down the shaft
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of the furnace. The blast furnace gases leave the furnace at a relatively low temperature

due to this heat exchange. This improves the efficiency of the blast furnace.

As the slag reaches a zone near and just above the tuyeres, the slag will start to
melt. The reactions that convert the slag from the lead smelting furnace into lead metal
and the discard slag take place in this zone of molten slag material. These reactions may
be maximised by increasing the temperature in this region (for example, by oxygen
enriochment of the blast air) and/or by maintaining more reducing conditions, for example,
by the.mjection of pulverised coal through the tuyeres. The furnace may also be designed

to maximise the residence time for reactions in this area.

The lead bullion formed in the blast furnace is removed from the blast furnace,
either by continuous drainage or periodical tapping. Similarly, the discard slag is also

removed from the blast furnace. The lead bullion that is recovered from the blast furnace

may be cast into ingots or passed to a lead reﬁhery for further refining.

In the method of the present invention, a lead smelting furnace is used to convert a
lead sulphide containing feed material partly to lead bullion and partly to a lead
containing slag. Typical lead concentrates, which may form a feed material to the lead

smelting furnace, normally have the following range of compositions:

e . - . S, - . o e el bt

Species | Pb Zn Fe S CaO 1 8i02

A
Wt.% 50-75 | 2-8 >-13 15-23 0.2-0.5 1.5-3

The minerals present in the lead concentrates can be regarded as eséentially PbS,
ZnsS, FeS, FeS,, CaCO; and- S510,. The lead concentrate, together with air, carbonaceous
material and fluxing agents (typically silica) are added to the lead smelting furnace. In
the lead smelting furnace, the zinc and iron sulphides in the lead concentrates are oxidised
to ZnO and Fe;0O;, while the PbS is partially oxidised to produce Pb metal plus PbO.
These oxides react with the silica to form a molten slag that can be regarded as a mixed
solution of PbS104, Zn,Si104 and Fe;Si04. The slag may also contain solid crystals. For
example, zinc ferrite (ZnFe;04) crystals may form if there is insufficient silica to fully
flux the ZnO and Fe;O,. If there is a high CaO content in the slag, then melilite crystals ~
(typically Ca,MgS107) can precipitate. Zinc ferrite crystals are equiaxed while melilite
crystals are typically long and lath-like.
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Although the slag formed in the lead smelting furnace typically contains silicates
of lead, zinc and iron, composition of the slag is normally reported in terms of the

equivalent amount of the corresponding oxides of lead, zinc and iron.

In one embodiment, the method of the present invention is operated such that the
lead-containing slag produced in the lead smelting furnace has a lead oxide content in the
range of 40-55 weight % of the total slag and a CaO/SiO; ratio of less than 0.4 and ZInc
content of 7-10 weight %. . This slag will contain an amount of solid zinc ferrite crystals,
typically around 15 to 30 volume %, more typically about 20 volume %, of solid zinc
ferrite crystals. This slag is very fluid at 1050°C. The slag also has the special property
that, when splashed up over the refractories lining the wall of the furnace by the action of
the submerged lance, it deposits a protective layer of zinc ferrite over the furnace walls.
This ensures that minimal or no refractory wear occurs in the lead smelting furnace. This
slag. allows the operation to be carried out at a relatively low temperature, thus
minimising fuel requirements. The high fluidity of the slag means that the volatile PbiS 1S
rapidly incorporated into the slag bath, almost totally suppressing the fuming of lead as

PbS.

In this embodiment of operation, the slag characteristics do not ,change
significantly with the cooling rate of the slag. Thus, this slag can be rapidly quenched
after being removed from the lead smelting furnace and in being prepared for the blast

furnace.

Due to the chemical nature of the slag formed in the lead smelting furnace in this
embodiment of the invention, to achieve a rapid reduction of the lead slag 1 the blast
furnace, it is necessary to increase the CaQ/SiO, ratio in the discard slag formed mn the
blast furnace to greater than 0.6. Thus, 1t 1s normally necessary to add lime in some form
directly to the blast furnace. The lime may suitably be in the foﬁn of burnt lime (pebbles)

that assist in maintaining the permeability of the material in the blast furnace shatft.

In another embodiment of the method of the present invention, the lead smelting
furnace is operated to produce a slag having similar mineralogical properties to normal
lead sinter. This lead containing slag formed in the lead smelting furnace suitably has a
lead oxide content in the range of 45 to 55% by weight and a Ca(O/Si0, ratio of greater

than 0.6. The lead-containing slag may be treated to produce a mineralogical structure
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consisting of an interlocking network of needle or lath-like melilite crystals enclosing a
lead silicate glass phase. For example, the lead containing slag removed from' the lead
smelting furnace may be cooled at a cooling rate of less than 50°C per minute. This slag
has similar softening properties to conventional lead sinter and behaves in a similar way
to conventional lead oxide sinter in the blast furnace. Additional lime fluxing in the blast

furnace is not required due to the relatively high CaQ/SiO; ratio in the slag.

In a second aspect, the present invention provides a plant for producing lead from
a material containing lead sulphide, the plant comprising a lead smelting furnace for
forming lead and a lead containing slag from the material containing lead sulphide, feed
means for feeding the material containing lead sulphide to the lead smelting furnace, slag
removal means for removing the lead containing slag from the iead smelting furnace, a
blast furnace for converting the lead containing slag to lead and a discard slag and slag

feeding means for feeding the lead containing slag to the blast furnace.

The lead smelting furﬁace 1s suitably a top entry submerged lance furnace. An
example of a top entry submerged lance furnace 1s a furmace designed by Xstrata
Technology under the name ISASMELT. Other top entry, submerged lance furnaces may

also be used. The slag removal means removal of the lead containing slag from the lead

smelting furnace. The slag i1s then suitably freated 1n a slag treatment means to form the
slag into a form suitable for feeding to the blast furnace. The slag treatment means
suitably comprises a caster for casting the molten slag and cooling the molten slag to
cause the molten slag to solidify. In one embodiment, the caster casts the molten slag into
separate lumps of the desired size range for feeding to the blast furnace. In another
embodiment, the solidified slag from the caster passes through a particle size reduction
means to form lumps of solidified slag having the desired size range for feeding to the
blast furnace. Alternatively the slag can be granulated, then undergo an agglomeration or
a pelletisation process for feeding the blast furnace. The blast furnace of the present
invention will also be provided with other feeding means for feeding coke (or other
carbonaceous material), any fluxing agents that may be required and any oxygen

containing gas streams to the blast furnace. These are essentially conventional and need

not be described further.
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In a further embodiment, the present invention provides a method for producing lead from
a material containing lead sulphide comprising:
a) feeding the material containing lead sulphide to a top entry submerged lance
lead smelting furnace to produce lead bullion and a lead containing slag that
contains lead silicate, wherein the material that is fed to the lead smelting furnace
contains from 50 to 75% by weight Pb;
b) removing the lead bullion from the lead smelting furnace;
¢) removing the lead containing slag from the lead smelting furnace, cooling the
lead slag at a cooling rate of less than 50°C per minute, and forming the lead
containing slag into lumps by casting or by granulating followed by agglomeration
or pelletizing, with the formed lumps having a size distribution suitable for use as
feed material to a blast furnace, the lead containing slag having:
(1) a lead oxide content in the range of 40-55 weight % of the total'slag and
a CaQ/S10, ratio of less than 0.4; or
(ii) a lead oxide content in the range of 45 to 55% by weight of the total
slag and a CaO/SiO; ratio of greater than 0.6, and a mineralogical structure
consisting of an interlocking network of needle or lath-like melilite crystals
enclosing a lead silicate glass phase; and
d) feeding the lead containing slag to a blast furnace, the lead slag from the lead
smelting furnace comprising the main part or all of the lead containing feed
material fed to the blast furnace, wherein the lead containing slag is converted 1nto

lead bullion and a discard slag.
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Brief description of the drawings

Figure 1 shows a flowsheet of a process and a plant in accordance with an embodiment of

the present invention.
Detailed description of the drawings

The attached drawing has been provided for the purpose of illustrating a preferred
embodiment of the present invention. It will be understood that the present invention
should not be considered to be limited solely to the embodiment shown in the attached

drawing.

The flowsheet shown in-Figure 1 shows lead concentrate, flux and solid fuel passing to a
feed preparation unit 10. The prepared, mixed feed 1s then passed via line 12 to a lead
smelting furnace 14. In the flow sheet shown in figure 1, the lead smelting furnace 14 is
an ISASMELT furnace. As will be known to those skilled in the art, an ISASMELT
furnace 1s a top entry, submerged lance furnace. Air 16, which may be enriched with
OXygen, isf injected into the molten charge in the ISASMELT fumace 14 via the

submerged lance.

In the ISASMELT furnace 14, the feed mixture fed to the furnace is converted into lead
bullion and a lead-containing slag. The lead bullion 1s removed via a taphole or weir 18.
The slag 1s removed via a taphole or weir 20. Off gases from the ISASMELT furnace 14

may be removed via an off gas system 22 and fed to an acid plant 24 to remove sulphur-

- contaming compounds therefrom and produce sulphuric acid. Although not shown in

figure 1, any lead fume contained in the off gases 22 may also be recovered in accordance

with conventionally known techniques.

The slag 20 removed from the ISASMELT furnace is suitably formed into lumps having a
desirable size range. This may occur by allowing the slag to solidify and subsequently
crushing or grinding the slag, by casting the slag into lumps having the appropriate size
ranges or by granulating the slag followed by agglomeration or pelletisation. The slag
lumps 20, together with coke and flux 26 are fed into a blast furnace 28. In the blast
furnace 28, the slag 1s converted into lead bullion that is removed via a taphole or weir 30

and discard slag that 1s removed via a taphole 32.
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The lead bullion removed at 18 and 30 may be subsequently fed to a lead refinery 34
for further treatment.

The scope of the claims should not be limited by the preferred embodiments set forth

in the examples, but should be given the broadest interpretation consistent with the
description as a whole.
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Claims.

1. A method for producing lead from a material containing lead sulphide comprising:
a) feeding the material containing lead sulphide to a top entry submerged
lance lead smelting furnace to produce lead bullion and a lead containing slag
that contains lead silicate, wherein the material that is fed to the lead smetlting
furnace contains from 50 to 75% by weight Pb;

b) removing the lead bullion from the lead smelting furnace;

c) removing the lead containing slag from the lead smelting furnace, cooling
the lead slag at a cooling rate of less than 50°C per minute, and forming the
lead containing slag into lumps by casting or by granulating followed by
agglomeration or pelletizing, with the formed lumps having a size distribution
suitable for use as feed material to a blast furnace, said lead containing slag
having a lead oxide content in the range of 45 to 55% by weight of the total
slag, a CaO/SiO, ratio of greater than 0.6, and a mineralogical structure
consisting of an interlocking network of needle or lath-like melilite crystals
enclosing a lead silicate glass phase; and

d) feeding the lead containing slag to a blast furnace, the lead slag from the
lead smelting furnace comprising the main part or all of the lead containing
feed material fed to the blast furnace, wherein the lead containing slag is

converted into lead bullion and a discard slag.

2. The method of claim 1, wherein the top entry submerged lance injects oxygen or

air and fuel into a bath of the lead containing slag.

3. The method of claim 1 or 2, wherein a fluxing agent is added {o the lead smelting

furnace.

4. The method of any one of claims 1-3, wherein the lead-containing slag has a zinc

content of 7-10 weight %.

5. The method of any one of claims 1-4, wherein the ratio of CaO/SiO, in the discara

slag formed in the blast furnace is adjusted to greater than 0.6.

6. The method of any one of claims 1-5, wherein lime is added to the blast furnace to

adjust the Ca0/Si0; ratio.
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7. The method of claim 6, wherein the lime is in the form of burnt lime pebbles that

assist in maintaining the permeability of the material in the blast furnace shaft.

8. The method of any one of claims 1-7, wherein the lead-containing slag is fed

together with metallurgical coke into the top of the biast furnace.

9. The method of any one of claims 1-8, wherein the discard slag contains less than

3% lead oxide.

10. The method of any one of claims 1-9, wherein the lead bullion produced in step
(a) is removed from the lead smelting furnace and either directly recovered or sent

for further refining to increase the purity thereof. -

11. The method of claim 1, wherein the lead bullion removed from the blast furnace I1s

recovered directly or passed to a lead refinery for further refining.

12. The method of claim 1, further comprising feeding the lumps into the blast

furnace together with a fluxing agent and a metallurgical coke.
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