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(54) Recovering Volatile Metals

(57) A method of recovering volatile
metal from metal oxides e.g. flue dust
comprises the steps of injecting metal
oxide-containing material into a shaft
reactor 1, simultaneously injecting
reducing agent into said reactor,
continuously maintaining said reactor
substantially filled with coke,
supplying thermal energy to the
reactor, preferably by means of a
plasma burner 11, such that at least
some of the metal oxides are reduced
to metal and melted or volatilized
depending upon whether the metal is
volatile. The melted metal is removed

from the bottom of the reactor while
the volatilized metal is permitted to
flow upwardly through the shaft
reactor in the form of metal vapour
together with a gas flow. The coke in
the shaft reactor through which the
volatilized metal passes is maintained
at a temperature in excess of 1000°C,
thus screening the upper portion of
the shaft reactor and the reactor top
by means of the coke so as to prevent
condensation of the volatilized metal.

In an example, flue dust containing
iron zinc and lead oxides is treated.
Off-gas may be separated in a
condenser 8 and used for pre-
reduction of feedstock.

The drawings originally filed were informal and the print here reproduced is taken from a later filed formal copy.

V/9L L[0T 8D



/1

2077167

15

L=

| ==
g,

12
n
\_\
9,10

13
,4;(..

% {1 4

7 e

= ——

=

A




GB 2 077 767 A

1

15

20

25

30

35

40

45

50

55

60

SPECIFICATION
Method of Recovering Volatile Metals from Material Containing Metal Oxides

The present invention relates to a method of recovering volatile metals or concentrates thereof
from material containing metal oxides. :

In U.S. Patent No. 4,072,504, for example, there is disclosed a method for recovering metals
from material containing metal oxides by blowing the material together with a reducing agent into a
shaft filled with coke. At the same time thermal energy is supplied so that at least a part of the metal
content is reduced to metal and the non-volatile metal or metals are reduced out. The reduced metal
and the slag are collected at the bottom of the shaft where they can be removed.

However, at present there is a need for a method of recovering volatile metals such as zinc, lead,
sodium and potassium from crude products or ores containing a substantial percentage of oxides of
iron and other non-volatile metals. This is mainly due to the fact that a volatile metal, after being
reduced and volatilized, is recondensed or reoxidized in known process apparatus, which results in
clogging or other problems in operation. In practice, therefore, it has been found that metals reduced
primarily from the volatile group in conventional shafts condense in the upper part of the shaft in the
vicinity of the blast furnace top, thus causing considerable operational problems. Furthermaore, with
conventional shafts, slight oxidation of, for instance, zinc is obtained, resulting in an undesirable blue-
fraction being formed. As is known in the art, this problem is extremely difficult to solve.

It has now surprisingly been discovered that the difficulties and drawbacks mentioned above can
be eliminated by employing the method according to the present invention, said method characterized
in that the volatile metals, after being reduced, are caused to flow up through the shaft in the form of
metal vapour with the help of a gas flow. The part of the column of reducing agent (e.g. coke) through
which the gas flow passes is maintained at a temperature of over 1000°C and the hot column screens
or separates the upper part of the shaft (including the blast furnace top) from the gas flow. According
to a preferred embodiment of the invention dried coke is used as coke filler in the shaft.

This offers a significant advantage in that the condensation of the volatile metal vapour is
effectively prevented. Moreover, the flow gas can be removed from the shaft and the metal vapours
separated therefrom in a known and economical manner. Also, the blue-fraction effect mentioned
above is substantially avoided.

The invention will be described in greater detail as follows with reference to the accompanying
drawing which depicts a sectional view of a shaft or reactor usable in accordance with the present
invention.

In the drawing a shaft-like reactor 1 is filled with a reducing agent, preferably coke, 2. In the
upper part of the reactor 1 is a blast furnace top 3, located above the reactor itself and arranged to be
continuously filled with coke to a predetermined level. In order to automatically achieve this
predetermined level two level indicators 5, 6 are arranged in the mouth 4 of the blast furnace top 3,
which cooperate with filling members, not shown. A pipe 7 connected to a condenser 8 leads from the
upper part of the reactor 1.

An inlet 9 for injecting reducing agent leads to the lower part of the reactor, together with
another inlet 10 for blowing in the material containing metal oxides. There is also a plasma burner 11
with supply pipe 12. Tapping means 13 for slag and 14 for liquid metal are also provided at the bottom
of the reactor 1.

Contrary to the conventional installations, the coke filler in the shaft preferably consists of dried
coke. Heretofore conventional coke, which has a water content of up to 6%, was used.

During operation, the method according to the invention proceeds as follows. The material to be
processed, containing e.g. oxides of iron and zinc, is blown into the reaction zone of the reactor 1
where, together with the reducing agent, it is rapidly heated and reacts to form liquid and gaseous
reduction products. The liquid products consist of molten iron and slag derived from slag-formers
added separately during operation or intermixed with the material containing metal oxides and from
any ash from the reducing agent. The gaseous products consists of zinc vapour and reduction gas, the
composition of which is dependent on the reducing agent used. It will, of course, be appreciated that if
other non-volatile or volatile metals are included in the feed material these will be contained,
respectively, in the liquid and gaseous reduction products.

The liquid reduction products will be collected at the bottom of the shaft and can be removed
through the tapping apertures 13, 14, while the gaseous reduction products rise through the shaftin
the direction of the arrows A and are extracted through the gas pipe 7.

The coke in the shaft forms a permeable stack through which the reaction products pass to the
bottom and top of the shaft, respectively, and the coke thus has the following purposes:

a) to form a large reaction surface

b) to catch all fine-particled material passing through it

c) when necessary to function as reducing agent and thus guarantee that reducing conditions
prevaif throughout the shaft

d) due to the screening of the upper part of the shaft and also the blast furnace top with coke, the
rising metal vapours are prevented from condensing.
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In order to ensure that the condition under point d} is satisfied, coke is continuously filled into the shaft
by means of the level regulators 5, 6. Furthermore, as stated above, the entire stack of coke is kept at a
temperature of about 1000°C or above.

It is also preferable to use a gaseous or liquid hydrocarbon and a solid carbon as a reducing agent.

These may either be added through separate nozzies, together with the material containing metal
oxides or as part of the plasma gas.

The reaction gas leaving the shaft is passed to a condensor 8 where it is separated and metals
therein are condensed out to a liquid metai phase which can be tapped off through an outlet 15. The
remainder, gas consisting primarily of carbon monoxide and hydrogen gas, exits the condensor at 16
and can be used either for a pre-reduction of the material containing metal oxides or for some other
purpose.

In order to further illustrate the method proposed according to the invention, reference is made to
the following Example.

Example
The material containing metal oxides intended to be reduced consisted of flue-gas dust from an
electro-steel furnace and had the following composition:

43% Fe,0,

26% Zn0
5% PbO

18% Ca0
8% Si0,

The following consumption of reducing agent, slag-former and electric energy was established
per ton of flue-gas dust processed:

Reducing agent: 30 kg dried coke
90 kg pit coal

Slag-former: 50 kg SiO,

Electric energy: 1080 kWh

The following products were obtained per ton of starting material:

330 kg crude iron {3% C)
200 kg zinc
45 kg lead
240 Nm? reaction gas (65% CO, 20% H, and the remainder CO,, H,0 and N,)
340 kg slag containing 50% CaO
40% Si0,
10% AlLO,

Claims

1. A method of reducing and recovering volatile metal from metal oxides which comprises
injecting metal oxide-containing material into a shaft reactor, simultaneously injecting reducing agent
into said reactor, continuously maintaining said reactor substantially filled with coke, supplying thermal
energy to the reactor such that at least some of the metal oxides are reduced to metal which is melted
or, where the metal is volatile, volatilized, removing the melted metal from the bottom of the reactor,
permitting the volatilized metal to flow upwardly through the shaft reactor in the form of metal vapour
together with a gas flow, maintaining the coke in the shaft reactor through which the volatilized metal
passes at a temperature in excess of 1000°C, screening the upper portion of the shaft reactor and the
reactor top by means of the coke so as to prevent condensation of the volatilized metal, and
withdrawing the volatilized metal from the top portion of the shaft reactor.

2. A method according to claim 1 wherein thermal energy is supplied by means of a plasma
burner.

3. A method according to claim 1 or 2 wherein the coke in the shaft reactor is dried coke.

4. A method according to any one of the preceding claims wherein the reducing agent is gaseous
hydrocarbon, liquid hydrocarbon or solid carbon.

5. A method according to any one of the preceding claims wherein the reducing agent is supplied
together with the metal oxide-containing material.

6. A method according to any one of claims 2 to 4 wherein the reducing agent is supplied
together with the plasma gas.

7. A method according to any one of the preceding claims wherein the volatile metal is at least
one of zing, lead, sodium and potassium.

8. A method according to any one of the preceding claims including the step of maintaining the
top of the shaft reactor gastight.

15

20

25

30

35

40

45

x

50

55



GB 2 077 767 A

3

9. A method according to any one of the preceding claims wherein the volatilized metal is
condensed and recovered following withdrawal from the shaft reactor.

10. A method according to claim 1 substantially as hereinbefore described with reference to the
Example.

11. A method according to claim 1 substantially as hereinbefore described with reference to the
Figure of the accompanying Drawing.

12. A volatile metal when recovered from its oxide by a process as claimed in any one of the
preceding claims.
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