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[57] ABSTRACT

A process for continuously smelting and converting lead sul-
phide concentrates to molten lead or bullion in a furnace com-
prises introducing pelletized lead sulphide concentrate onto
the surface of a molten bath in the furnace and smelting the
same therein, introducing oxidizing gas into the furnace to
convert the lead sulphide concentrates to molten lead, tapping
off molten metallic lead, treating the slag in a slag fuming zone
to reduce zinc oxide in the slag to zinc vapor, introducing an
oxidizing gas above the slag in the slag fuming zone to oxidize
the zinc vapor to zinc oxide fume, passing the fume to a fume
collecting area and thereafter withdrawing substantially zinc
free slag.

10 Claims, 1 Drawing Figure
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DIRECT PROCESS FOR SMELTING OF LEAD SULPHIDE
CONCENTRATES TO LEAD

This invention relates to a process for the continuous smelt-
ing of lead concentrates to lead bullion in a single furnace.

Present methods for the recovery of lead from lead sulfide
concentrates commonly involve mixing the concentrates with
flux, return lead sinter and various residues such as dust which
mixture is then roasted on a sintering machine to eliminate
most of the sulfur and produce a strong porous sinter which is
a suitable feed for a lead blast furnace. Hot sinter is then trans-
ferred to a lead blast furnace in which reduction of the lead
oxide in the sinter to metallic lead takes place by means of car-
bon and carbon monoxide provided by coke charged with the
sinter. Combustion of the coke also furnishes most of the heat
required for smelting. Lead bullion is tapped from the furnace,
drossed and subsequently refined. A lead slag is also
withdrawn from the furnace and may be treated in a fuming
furnace to recover its lead and zinc content.

The reactions occurring in the sintering process principally
involve the oxidation of metallic sulfides such as PbS,ZnS, and
FeS to form oxides, and are strongly exothermic.. As noted
above, the concentrates are commonly mixed with cold return
sinter which serves to limit the temperature rise during the sin-
tering process by its diluting effect and also to achieve the
desired sinter quality. In contrast, in the blast furnace a large
part of the heat required for smelting and reducing the oxide
sinter is provided by the combustion of fuel (coke). The two-
step sintering and blast furnace smelting process for the
recovery of lead from lead concentrates is overall thermally
inefficient. The process also requires the immediate handling
of sinter between the sintering machine and blast furnace and
in recirculation to the sinter machine. Furthermore, the provi-
sion of separate sintering machines and blast furnaces involves
the expenditure of substantial capital and operating costs and
the provision of a single unit to recover metallic lead from lead
sulfide concentrates would make possible considerable
savings in cost. ]

The present invention provides a process which eliminates
the sintering operation and in which the smelting operation is
conducted within a single unit in such a way that a large part
of the heat required for the smelting of the lead concentrates
is provided by the exothermic heat of the oxidation reactions
involved.

According to the present invention there is provided a
process for the continuous smelting and converting of lead sul-
fide concentrates to molten lead or bullion in a furnace con-
taining a molten bath and having a charging end and a slag
tapping end, said process involving gradual redctions along the
length of the furnace and including the steps of:

a. feeding pelletized lead sulfide concentrates also containing
minor amounts of zinc sulfide through the charging end of the
furnace and onto the surface of the molten bath in a smelting
zone of said furnace;

b. smelting said concentrates in the smelting zone whereby
heat contained in the molten bath is transferred to the pel-
letized concentrates;

c. controlling the flow of the molten bath so that it flows along
the length of the furnace from the smelting zone towards a
bullion tapping means in the furnace;

d. introducing an oxidizing gas into the molten bath to convert
the lead sulfide concentrates to molten lead with concurrent
formation of sulfur dioxide whereby the smelting and convert-
ing reactions are effected essentially in the smelting zone and
the exothermic heat of the converting reaction is utilized for
smelting;

e. allowing the molten metallic lead to settle in a bullion set-
tling zone remote from the charging end,

f. drawing off bullion from the bullion settling zone through a
bullion tapping means intermediate the charging end and the
slag tapping end of the furnace;

g. treating the slag flowing past said bullion tapping means in a
slag fuming zone with a reductant whereby to reduce zinc
oxide in the slag to zinc vapor;
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h. introducing an oxidizing gas above said slag in the slag fum-
ing zone whereby to oxidize said zinc vapor to zinc oxide fume
and passing said fume to a fume collecting area; and

i. withdrawing substantially zinc-free slag from said slag
tapping end.

A major advantage of the process provided by the present
invention is the considerable saving in fuel costs and the
elimination of the need for coke achieved by the direct smelt-
ing of lead concentrates to metallic lead in one furnace. Other
significant advantages of the process are that a saving of
capital cost is achieved by replacing the sintering machines
and a lead blast furnace with one unit with a consequent
reduction in other operating costs such as labor and main-
tenance costs. Another advantage of the process is that the
continuous nature of the process lends itself to a high degree
of instrumentation and automation. Yet again the process of-
fers the advantage of continuous production of sulfur dioxide
in the flue gas exiting the furnace at a relatively high concen-
tration thus making possible the economic recovery of sulfur
dioxide which may be utilized in, for example, the production
of sulfuric acid.

The converting reaction of the lead sulfide concentrates to
metallic lead is an exothermic reaction and, as stated above,
this exothermic heat of converting reaction is efficiently util-
ized in accordance with the process of the present invention in
the smelting operation by which the pelletized lead sulfide
concentrates which are introduced into the furnace are
melted. Presently available processes are not as thermally effi-
cient as the process of the present invention. Furthermore, the
process of the present invention makes possible the produc-
tion of an essentially clean or metal-free slag which can be
discarded.

In order that a clear understanding of the process of the in-
vention may be gained the process will be described by
reference to the accompanying drawing which is a diagram-
matic vertical cross section taken longitudinally through a fur-
nace suitable for carrying out the process of the invention.

As can be seen from the FIGURE the length of the furnace,
indicated generally at 1, is divided into three separate zones,
namely zones 1, 2 and 3. These zones are respectively a smelt-
ing zone (Zone 1), a bullion settling zone (Zone 2) and a slag
fuming zone (Zone 3).

The reaction vessel 1 comprises a refractory lining (not
shown) and a charging port 11 is provided at the entrance to
Zone 1 for the introduction of pelletized lead sulfide concen-
trates. An exhaust stack 3 is provided for the removal of gases
and fume from the vessel 1 in the upper surface thereof.
Tuyeres 4 are provided in Zone 1 as indicated for the in-
troduction of air or other oxidizing gas into the bath in Zone 1.
A lead bullion tapping port 5 is provided at the end of Zone 2
for the withdrawal of lead bullion settling from the slag in
Zone 2 and the floor or hearth of furnace 1 is provided with a
depression 6 in Zone 2 which aids in the separation of the bul-
lion from the slag. Tuyeres 7 are provided in the slag fuming
zone for the introduction of a reducing gas or pulverized coal
into the slag contained within Zone 3 and a slag tapping port 8
is provided for the removal of slag from the furnace 1. Separa-
tion of the bullion from the slag is aided also by the provision
of an elevated portion 9 in the slag fuming zone, said portion 9
being raised above the level of the floor or hearth of furnace 1
in the smelting zone thus providing a barrier to the flow of bul-
lion through the slag tapping port 8. An air inlet 10 is provided
in the slag tapping end of the furnace 1 for the injection of air
above the slag in order to burn gaseous reduction products
resulting from the introduction of a gaseous or pulverized
solid reductant through tuyeres 7 into the slag. These gaseous
reduction products comprise zinc vapor, lead vapor and car-
bon monoxide and these are oxidized to form zinc oxide and
lead oxide fumes and carbon dioxide and to generate addi-
tional heat for utilization in the process. A supplementary
burner 2 may be included in the charging end of furnace 1 to
provide an additional source of heat for the smelting process.
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Pelletized lead sulfide concentrates together with a silica or
lime flux are charged continuously into the furnace 1 through
charging port 11. The furnace 1 contains a molten bath of lead
bullion with a supernatant layer of slag as illustrated in the
drawing. The concentrates and flux are fed into the furnace 1
in such a manner, as described in more detail hereinafter, that
they are distributed uniformly on the bath surface throughout
Zone 1 where they are enveloped by the slag and smelted at a
very high rate through the efficient transfer of heat generated
in -the molten bath. Air is introduced through tuyeres 4 in
order to effect conversion of the lead sulfide concentrate and
of iron sulfide in the concentrates in accordance with equa-
tions (1), (2), (3) and (4) below:

PbS + 0, - Pb+S0,
FeS, - FeS + 1S,
FeS +3/2 0, = FeO + S0, 3)
- %S+0, » SO, “4)
Reactions (1), (3) and (4) are highly exothermic. Any zinc
sulfide contained in the lead concentrates is oxidized in ac-
cordance with equation (5) below:
Zn8+3/20, - ZnO +S0, ()
Although not desirable, some lead sulfide may be oxidized in
accordance with equation (6) below:
PbS +3/20, - PbO+S0, (6
Reactions (5) and (6) are also exothermic. As the molten
material flows past tuyeres 4 it is gradually and continuously
depleted of ferrous sulfide, zinc sulfide and lead sulfide. In
order to ensure complete conversion of the lead sulfide to
metallic lead the charging of concentrate and flux is restricted
to the smelting zone (Zone 1) and separation of the bullion
from the slag is completed in bullion settling zone (Zone 2).

Slag is formed in the smelting zone by the reaction of ferric
oxide, zinc oxide and lead oxide with silica flux in accordance
with equation (7) below:

2MeO + S§i0, = 2MeOSiO, Q)
If lime flux is added the CaO will also combine with silica ac-
cording to the above equation.

The slag and bullion flow from smelting zone 1 into the bul-
lion settling zone as the result of displacement brought about
by the continuous charging of concentrates and flux in zone 1
and the withdrawal of bullion from zone 2 and slag from zone
3. Zone 2 is relatively quiescent and the bullion settles out of
the slag and a more complete separation of the slag and bul-
lion is achieved than is possible in Zone 1 where turbulent
conditions are generated by the introduction of air or other
oxidizing gas through tuyeres 4. This introduction of air causes
some mixing of slag and bullion at their mutual interface. Bul-
lion separating out from the slag in Zone 2 is tapped from the
furnace 1 through bullion tapping port 5 situated at the bot-
tom of depression 6 in the floor or hearth of furnace 1. The
tapping of bullion.may be carried out on either a continuous
or an intermittent basis.

The slag separated from the buliion in Zone 2 contains rela-
tively high concentrations of both lead and zinc. Cleaning of
the slag is effected in the slag fuming zone by the introduction
of a suitable reductant, such as natural gas or pulverized coal
through the tuyeres 7. Reactions which take place by the in-
troduction of the reductant into the slag will depend upon the
nature of the reductant, but when methane is used as the
reductant reactions proceed in accordance with equations (8)
and (9) below:

%CH,+ ZnO - Zn + %CO + %H,0 (8)
%CH, PbO — Pb+ %CO + %H,0 )

The zinc vapor, lead vapor and carbon monoxide produced
in accordance with equations (8) and (9) are burned by in-
Jecting air through aperture 10 in Zone 3 and produces zinc
oxide and lead oxide fume and carbon dioxide and also
generates additional heat which may be utilized in the process.
The zinc oxide and lead oxide fume and carbon dioxide pass
through stack 3 in the roof of furnace 1 together with other
gases from zones 1 and 2 to a fume collection system where
zinc oxide and lead oxide fume may be removed in ac-
cordance with procedures well known in the art. The treated

(1)
(2)
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being slag passing the tuyeres 7 under the influence of gravity
is allowed to settle and is tapped from furnace 1 through
tapping port 8 either continuously or intermittently as desired.

The continuous charging of lead sulfide concentrate and
flux into the furnace 1 and the withdrawal of lead bullion and
slag from the furnace through their respective tapholes § and
8 gives rise to a flow of material through the furnace 1. As il-
lustrated in the drawing the flow of slag and bullion through
the furnace 1 is generally co-current and is brought about
through the influence of gravity. No special steps need be
taken therefore to ensure the co-current flow of bullion and
slag and the sequential series of reactions embodied in the
reactions (1) to (9) is readily achieved in accordance with the
invention by suitably dimensioning the furnace 1 to provide
effectively for separate smelting, bullion settling and slag fum-
ing zones.

In order that full utilization of the heat of conversion may be
made in the smelting operation, the concentrates preferably
are introduced into the furnace 1 throughout the smelting
zone. Heat transfer to the concentrate charge is enhanced and
high smelting rates are achieved by feeding the concentrates
to the vessel in the form of pellets.

Lead sulfide concentrates produced, for example, by flota-
tion, can be pelletized easily without any additive, although
additives such as bentonite can be used and, after pelletizing, -
the pellets may be partially dried prior to being fed into the
continuous smelting reactor. Whether or not the concentrates
are dried prior to being fed to the furnace wiil depend on the
relative costs of drying them before or after introduction into
the furnace. It has been found that wet pellets from a pelletiz-
ing machine introduced directly into the continuous furnace
tend to smelt individually without agglomerating into large
masses of unsmelted material which could entrap. gases or
moisture thus causing minor explosions which are sometimes
experienced when wet unpelletized concentrates are charged
onto a molten bath.

Fluxes such as siliceous ore or limestone may be required
for the production of slag and may be charged into the fur-
nace. If economically feasible, it is preferable to grind flux to
below 10 mesh (ASTM Standard Sieve) and incorporate the
flux into the pellets of concentrate thus producing a type of
self-fluxing pellets. This procedure simplifies control of the
slag composition and eliminates the possibility of segregation
of the flux in the continuous smelting furnace. If, however, in-
corporation of the entire amount of flux in the pellets is not
feasible, it may be desirable to separate fines of less than 10
mesh size from the flux, and to incorporate these in the con-
centrate pellets thus minimizing loss of flux fines from the
reaction vessel. In addition, dust or fume collected from' the
flue gas which exits the furnace, and crushed lead dross and
other residues may also be conveniently incorporated in the
pellets.

The feeding of the concentrate pellets into the furnace is
such that a large area of the molten path in the furnace is
covered with pellets and a relatively thin layer of pellets is
formed on the surface of the bath. The slag and lead bullion
can readily and effectively contact and envelope the pellets
throughout the smelting zone, the contact being further
enhanced by the mixing and agitating action of air or other ox-
idizing gas introduced through tuyeres 4. The pellet charge
thus presents a very high surface area per unit weight for ef-
fective heat transfer from the molten bath to the pellets and
makes possible efficient utilization of the heat evolved in the
bath by reactions (1), (3), (4), (5) and (6) summarized
above. While the heat evolved in these exothermic reactions
may be sufficient to melt the concentrates and to maintain the
molten bath at a suitably high temperature, it may be necessa-
ry to supply additional heat in the smelting zone. This can-
most conveniently be done by situating a supplementary
burner 11 in the charging end of the furnace 1. The burner 11
may be of any suitable type and fuels which can be used in-
clude coal and natural gas. It has been found that the pellets
tend to smelt individually on the surface of the molten bath
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without agglomeration into large masses of unsmeited materi-
al and very high smelting rates are obtained, for example, of
the order of 200 pounds of concentrate pellets per square foot
of surface per hour. When flux is not incorporated in the pel-
lets, or is incorporated in part, as, for example, fines, it is ad-
vantageous to feed the balance of the flux with the concen-
trate pellets through charging port 2 in such a way that a large
proportion of the surface area of the molten bath in zone 1 is
covered with a relatively thin layer of pellets interspersed with
lumps of flux. In this way, both the pellets and the flux present
a very high surface area per unit weight to heat transfer from
the bath. It has been found that there is little or no tendency
for the concentrate pellets or flux to agglomerate into large
masses and this method of feeding results in greatly increased
rates of smelting and hence of oxidation to metallic lead.

A preferred apparatus for feeding the pellets onto the bath
is a slinger belt, the speed of which is variable over a given
time interval and which may be subjected to a swinging action
over a small arc, in a horizontal plane, thus resulting in the
spreading of pellets over a wide surface area of the molten
bath. However, any other suitable charging apparatus may be
employed in the process of the present invention. As the lead
sulfide concentrates and flux introduced into the furnace 1
melt as a result of their intimate contact with the molten bath,
two separate layers are formed, one of slag and the other of
lead bullion. As the lead bullion layer flows toward the
discharge end of the furnace 1, it is continuously subjected to
conversion with an oxidizing gas stream, for example air, in-
jected through tuyeres 4. It is not essential to introduce the gas
continuously and some stoppage in introduction is not critical
provided the furnace is rotated during such stoppage to ex-
pose the tuyeres. However, it should be borne in mind that the
overall process of the invention is a continuous process and
the introduction of oxidizing gas required for this process is
normally continuous. The introduction of oxidizing gas ox-
idizes the metallic sulfides either to the metal, as in the case of
lead, or to metallic oxide as in the case of iron and zinc, in ac-
cordance with the equation summarized as (1), (3) and (5)
above. The metallic oxides then combine with the silica flux to
form a silicate slag which, being less dense than the bullion
and sulfide layer, tends to separate out as a supernatant layer.

As a consequence of the reaction between the metallic sul-
fides and the oxidizing gas stream, the bullion becomes con-
tinuously depleted in metallic sulfide until at some
downstream point the entire lower layer consists essentially of
metallic lead with only a minor proportion of sulfur present.
The lead bullion may also contain any silver and gold present
in the concentrates, and impurities such as copper, antimony
and bismuth.

The lead bullion has a higher density than the silicate slag
and tends to settle out as a liquid phase in the quiescent bul-
lion settling Zone 2 of the furnace 1. The bullion settling into
the depression 6 in the floor or hearth of furnace 1 is
withdrawn from the furnace either continuously or intermit-
tently through the bullion tapping port 5. The upper slag layer
flows past the tapping port § and over the elevated portion 9 in
the floor or hearth of furnace 1 into the slag fuming zone. In
this slag fuming zone the slag is subjected to contact with a
suitable reductant, such as natural gas or pulverized coal
which is introduced through a series of tuyeres 7. The reaction
of the reductant with the slag which contains appreciable
quantities of zinc oxide and lead oxide, results in the forma-
tion of gaseous reduction products, namely zinc vapor, lead
vapor and carbon monoxide, which are emitted from the slag.
These gaseous reduction products are burned by injecting air
through aperture 10 in the tapping end of furnace 1 in order to
form zinc oxide fume, lead oxide fume and carbon dioxide and
to generate additional heat. Should it be necessary to supply
additional heat to the slag fuming Zone 3 this can be done
conveniently by introducing a fuel/air mixture through tuyeres
7. The fuel may be the same as the above mentioned reduc-
tant.
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The gaseous and vapor products issuing from the molten
bath, including Zone 1 and Zone 2 and particularly from Zone
3, are collected from furnace 1 through a suitable hood over
stack 3 and passed through a waste heat boiler where it is
cooled. The gas may be cooled further in gas coolers and is
then passed into a baghouse or cottrell plant. Precipitated dust
and fume from the waste heat boiler and baghouse or cottrell
may be recirculated to the furnace if desired, or treated ac-
cordingly to known processes for the recovery of zinc, lead
and other metal valves therein. The cleaned gas is further
treated for the recovery of sulfur dioxide. If desired the slag
removed from furnace 1 through slag tapping port 8 may be
discarded or, if it contains appreciable quantities of zinc, lead
and other metal valves warranting further treatment to
recover the same, may be further treated in a separate slag
fuming furnace. The metallic lead withdrawn through tap hole
5 is cooled to cause the separation of dross from the liquid
lead. The dross may be crushed and recirculated to the fur-
nace if desired, while the lead is subjected to conventional
lead refining in order to produce pure metallic lead and to
recover precious metals such as silver and gold and by-
product metals such as copper, antimony, tin and bismuth.

The process of the invention for the production of lead bul-
lion on a continuous basis from lead sulfide concentrates will
now be described in more detail by reference to material
balances, heat balances and reactor sizes based upon a charge
of 200 tons of lead per day (all tons quoted are short tons of
2,000 pounds). This will make possible a more ready ap-
preciation of the advantages to be gained by working in ac-
cordance with the present invention.

I.—FIRST STAGE
(Smelting)

(a) Materials balance:
Wet concentrates, tons.._____________..__..._____..___ 690
Assumed composition, percent:
10
29
15
30
9
7
100
Flux added, tons. -« ... ... 25.3
Assumed composition Si0», percent._ - 100
Slag produced, tons.... ... _____.___________ - 316
Volume of slag (specific gravity assumed 3.6) cu. ft____ 2,820
Assumed composition, percent:
FeO 42.0
Zno._. 27.2
PbO. 3.0
Si0: 27.8
100.0
Bullion Produced, tons___ ... 196.5
Volume of bullion (specific gravity assumed 9.5) cu. ft.
Assumed composition, percent:
1 o0 97.0
e 4.0
Total. . 100.0
Air required (assumed 95% O: utilization) s.c.f.:
Oxidation of sulphur 2,27 X107
Oxidation of iron____ 0.33X107
Oxidation of zine. . __._______ 0.19X10¢
Oxidation of lead (negligible). _..____ ... . ...
Total requirement. ____.______._____________._.. 2.79%X 107
2.79X107 T -
Air blowing rate= =1.95X104 s.c.f.m.
Number of tuyeres réquil'ed (2in. I.D. at 250 s.c.f.m.
1.95X104
ber tuyere) = =178
Length of smelting zone required (determined by
. number of tuyeres at 6 in. spacing) ft._____._..._.. 39
(b) Heat balance:
Assumed temperature of smelting zone,® F___________ 2,100
1. Heat required, B.t.u.:
(a) Evaporation of moisture and superheating
water vapour t02,100° F__________________._.__. +2.0410¢
(b) Heating charge (concentrate and flux) from 77°
F. t0 2,100° F. (assume 450 B.t.u./lb.)___________ -+6.45X108
(¢) Heating air from 77° F. to 2,100° ¥ . -+12, 20108
) Compensation of heat losses from reactor_____ +1.87X103

22, 56108
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Impbnderables ineluding heat of vaporization of vola-
tile components (109 of net heat required) B.taa____

2,26X108

Total heat required, B.tou.._____.__ ..

2. Ieat generated by smelting reactions at 2,100° F.,hA
B.t.u.:

(a) Oxidation of iron sulphides (asstme all iron in

chargeas FeSa)_ . T —10, 6108
(b) Oxidation of zing sulphide .. —~3. 96X 108
() Oxidation of lead sulphides.__ ... 1777777 —1. 68X 108

;10. Xl();

Total heat generated by smelting___ .

3. Additional net heat supplied by combustion of fucl
at 2,100° I,:
(24.8—16.2) X108 B.t.w., equals__..__.____ .. _____
Net heat supplied per hour is therefore 36,000,000 B.t.u./
hr, (This could be supplicd, for cxample, by burning
3.5 tons of coal at 42%, of available heat.

—8.6X108

II.—SECOND STAGE
(Bullion settling and slag fuming)

(a,

=

Length of bullion settling and slag fuming zone.
The length of reactor required for slag treatment and
settling may be determined on the basis of an essimated
mean residence time of slag in those zones of 2 hours.
The estimated slag fall is 117 cu.ft./hr. and the length of
the second zone of the furnace is estimated as 18 fect.
Materials balance:
Slag input from first stage, tons..__.._________________
Reducing gas requirement, s.c.f. (i.e. 1.67 sefm.). ...
(Assume 95% Zn0O in slag is reduced to zinc vapor with
CH; according to the reaction

CHy+3Zn0 —— 3Zn+CO-+2H,0)

Air requirement for gas phase oxidation Zn and Cco,
s.c.

(b,

=

316
24, 2X104

e 2,31X108
Slag output, tor 234
Assumed compos;

57
2
4
37
100
(c) Heat balance:
1. Heat Required, B.t.u.:
(2) Heat required in slag bath (including heat of
reduction and sensible heat to reducing gases
and reaction products).__.._.____._.____ . +2.85X10¢
(b) Heat losses._...___.__________ ~"777TTTmmmtTT -0, 86108
(¢) Heat required to raise air temperature from
T1°-2000°F o .o —+1,01X108
Total heat required.... ... ~+4.72X108

2. Heat generated, B.t.u.:

(a) Heat generated by combustion of zine vapor
and CO above bath

3. Excess heat generated (4.84—4.72) X108 equals. ..

—4, 84108
—0,12X108

Although this heat balance indicates that the second stage
process is autogenous, it is implied that the heat generated
above the bath in combustion of Zn and CO is transferred to
the bath at 2,100° F. If this heat transfer process was not effi-
cient additional fuel would have to be burnt in the bath by in-
troduction of a fuel/air mixture through the tuyeres 7.

We claim:

1. A process for the continuous smelting of lead sulfide con-
centrates to molten lead bullion in a single furnace containing
a molten bath and having a charging end and a slag tapping
end, said process involving a gradual reaction along the length
of the furnace and including the steps of:

a. feeding pelletized lead suflide concentrates containing
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minor amounts of zinc sulfide through the charging end
onto the surface of the molten bath in a smelting zone of
said furnace;

b. smelting said concentrates in the smelting zone by heat
transfer from the molten bath to the concentrates within
the smelting zone; :

¢. controlling the flow of molten bath in said furnace so that
it flows along the length of the furnace from the smelting
zone towards the slag tapping end of the furnace;

d. introducing an oxidizing gas into the molten bath suffi-
cient to effect a gradual conversion of the lead sulfide to
molten lead, the smelting and conversion reactions being
effected essentially in the smelting zone and the exother-
mic heat of the conversion reaction being utilized for
smelting;

e. allowing said molten lead to settle in a bullion settling
zone remote from the charging end,;

f. drawing off molten lead from the bullion settling zone
through a bullion tapping means intermediate said charg-
ing end and said slag tapping end;

g. treating the slag flowing past said bullion tapping means
in a slag fuming zone with a reductant whereby to reduce

zinc oxide in the sl%g to zinc vapor; . .
h. introducing an oxidizing gas above said slag in the fuming

zone whereby to oxidize said zinc vapor to zinc oxide
fume and passing said fume to a fume collecting area; and

i. withdrawing substantially zinc-free slag from said slag

tapping end.

2. A process as claimed in claim 1 including the step of sup-
plying to the charging end of the furnace auxiliary heat suffi-
cient to make up the heat balance of the smelting process.

3. A process as claimed in claim 2 including the step of in-
troducing silica flux into the furnace with the lead sulfide con-
centrates to be smelted.

4. A process as claimed in claim 3 in which the flux is
ground to an average particle size below 10 mesh (ASTM
Standard Sieve) and is then incorporated in the pelletized con-
centrate prior to the introduction thereof into the furnace,

§. A process as claimed in claim 3 wherein the pelletized
concentrate is separately mixed with the silica flux prior to
feeding into the furnace.

6. A process as claimed in claim 1 wherein the pelletized
concentrate is fed into the furnace while wet.

7. A process as claimed in claim 1 wherein the concentrates
are fed into the furnace in such a manner that substantially the
entire area of the molten bath in the smelting zone is covered
with the uniformly thin layer of pellets, the feeding of the pel-
lets being so controlled as to prevent the pellets from forming
masses of unsmelted material.

8. A process as claimed in claim 1 including the step of sup-
plying to the slag tapping end of the furnace auxiliary heat suf-
ficient to make up the heat balance of the slag fuming process.

9. A process as claimed in claim 1 wherein said reductant is
areducing gas.

10. A process as claimed in claim 1 wherein said reductant
is pulverized coal.



