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particulate adsorbent Is separated from the gas downstream from the first adsorption stage. Part of the separated particulate
adsorbent Is removed (33) from the adsorption process with a view to recycling adsorbed fluorine-containing substances to the
electrolytic process. The remainder of the separated adsorbent Is recirculated in the first adsorption stage In order to optimise the
adsorption of fluorine-containing substances and the desorption of sulphur dioxide In this stage. Simultaneously, the gas Is
transferred to a second dry adsorption stage. In this second stage, the gas Is treated with essentially unspent, reactive particulate
aluminium oxide, so that any gaseous fluoride remaining in the gas Is very efficiently adsorbed, while at the same time a substantial
part of the sulphur dioxide In the gas Is also adsorbed. Finally, this particulate aluminium oxide Is separated from the gas
downstream from the second dry adsorption stage, before the gas Is discharged into the surrounding atmosphere. The separated
aluminium oxide Is transferred to the first adsorption stage, optionally after passing a desorption stage (3) for the removal of
adsorbed sulphur dioxide In order to reduce the discharges of sulphur dioxide from the aluminium production. The separation of
sulphur dioxide In the second adsorption stage Is improved by recycling, to the second adsorption stage, aluminium oxide having
undergone the desorption treatment.
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(54) Titlee METHOD FOR SEPARATING SUBSTANCES FROM A GASEOUS MEDIUM BY DRY ADSORPTION

(57) Abstract

The treatment, through a dry adsorption process, of a gas from
a hot electrolytic process for aluminium production comprises at least
two stages (3, 4). Particulate aluminium oxide (the adsorbent) passes
through the stages (3, 4) of the adsorption process contercurrently
to the gas. Thus, the gas is treated with a partly spent adsorbent in
a first dry adsorption stage, whereupon the particulate adsorbent is
separated from the gas downstream from the first adsorption stage.
Part of the separated particulate adsorbent is removed (33) from
the adsorption process with a view to recycling adsorbed fluorine-
containing substances to the electrolytic process. The remainder of
the separated adsorbent is recirculated in the first adsorption stage
in order to optimise the adsorption of fluorine-containing substances
and the desorption of sulphur dioxide in this stage. Simultaneously,
the gas is transferred to a second dry adsorption stage. In this second
stage, the gas is treated with essentially unspent, reactive particulate
aluminium oxide, so that any gaseous fluoride remaining in the gas
is very efficiently adsorbed, while at the same time a substantial
part of the sulphur dioxide in the gas is also adsorbed. Finally, this
particulate aluminium oxide is separated from the gas downstream
from the second dry adsorption stage, before the gas is discharged
into the surrounding atmosphere. The separated aluminium oxide
is transferred to the first adsorption stage, optionally after passing a
desorption stage (8) for the removal of adsorbed sulphur dioxide
in order to reduce the discharges of sulphur dioxide from the
aluminium production. The separation of sulphur dioxide in the
second adsorption stage is improved by recycling, to the second
adsorption stage, aluminium oxide having undergone the desorption
treatment.
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METHOD FOR SEPARATING SUBSTANCES FROM A GASEOQOUS MEDIUM
BY DRY ADSORPTION

FIELD OF THE INVENTION

This invention relates to a method for separating, by
adsorption and for recovery purposes, impurities, such as
fluorine-containing gases and fluorine-containing dust,
from a gas that is emitted from a process for aluminium
production. The gas emitted from the process is brought
into contact with an adsorbent in the form of particulate
aluminium oxide, which can be recycled as raw material to
the process. To be more specific, the invention concerns
a multi-stage countercurrent process combining effective
cleaning of the gas with a high degree of concentration
of fluorine-containing substances on the adsorbent. In an
environmentally advantageous embodiment of the invention,
sulphur dioxide is simultaneously removed from the gas.

DESCRIPTION OF THE PRIOR ART

In a process for electrolytic production of aluminium,
such as the Hall-Héroult process where aluminium is pro-
duced by reducing aluminium oxide in a melted electrolyte
in the form of a fluoride-containing mineral to which
aluminium oxiée is_supplied; the éroééss géseé afe_loaded
with fluorine~containing substances, such as hydrogen
fluoride and fluorine-containing dust. Being extremely
damaging to the environment, these substances have to be
separated before the process gases can be discharged into
the surrounding atmosphere, while at the same time the
fluorine-containing melt is essential to the electrolytic

process.

The recovery of fluorine-containing compounds from gases
generated in aluminium production suffers from the incon-
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venience that the process gas usually is loaded also with
other substances, such as sulphur dioxide, which origi-
nate chiefly from the oxidation of electrodes but to some
extent also from impurities found in the raw material. If
recycled to the process along with the adsorbent, these
substances will be emitted to the process gases and thus
be concentrated in a cycle arising in the electrolytic
process and the gas treatment. If concentrated in the
process, these substances often have an adverse effect on
the vield of the process or interfere with the process in
some other way, thereby adversely affecting the process
economy. Consequently, these substances should be removed
from the adsorbent before this is recycled to the pro-
cess. For environmental reasons, the amount of sulphur
dioxide discharged from the process should be reduced.

It is previously known to use dry adsorption pro-
cesses for cleaning gases generated in aluminium produc-
tion, in which case aluminium oxide may be used as adsor-
bent. Aluminium oxide (Al,0;), which as raw material 1is
supplied to the process for aluminium production, has a
great capacity to adsorb (more specifically, to chemical-
ly adsorb) hydrogen fluoride. Aluminium-oxide powder of

commercial qualities and of a particle size in the range

of 0.03-0.16 mm has a porous structure and an active sur-
face of 40-80 m’/g, such that large amounts of hydrogen
fluoride can be adsorbed before the aluminium oxide is
saturated. It is, however, true that the adsorption capa-
city diminishes when the active surface is all but cover-
ed by adsorbed hydrogen-fluoride molecules, i.e. when the
aluminium oxide is saturated with hydrogen fluoride.
Usually, particulate aluminium oxide is efficiently and
turbulently mixed with the gases from the aluminium-pro-
duction process in a fluidised bed or some other contact
reactor, hydrogen fluoride being then adsorbed on the
aluminium oxide. The aluminium oxide, which now contains
adsorbed fluorides, is separated downstream from the con-

t+act reactor with the aid of one or more filters. The
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aluminium oxide i1s then supplied to the aluminium-produc-
tion process, and the fluorides are recovered. However,
also sulphur dioxide is to a certain extent (as a rule
10-30%) adsorbed in these processes, and the sulphur
dioxide thus accompanies the aluminium oxide back to the
aluminium-production process, where it is released to the
process gases in the furnace. In actual practice, the
sulphur dioxide thus is not removed from the gases, but
is instead in undesirable fashion recycled and concen-
trated in a system including the aluminium-production

furnace and the gas-cleaning equipment, and one further
obtains an increase of the sulphur-dioxide content in the
air on the premises. 1If one wishes to reduce the environ-

mentally-hazardous discharge of sulphur dioxide from the
aluminium production, the sulphur dioxide has to be sepa-
rated from the flue gases with the aid of wet separators
arranged downstream from prior-art dry adsorption pro-
cesses. However, such wet separators used for separating
sulphur dioxide from the gases represent a very expensive
solution, since the amounts of gas involved are consider-
able and the sulphur-dioxide concentration therein is
low, for instance as compared with that of flue gases
from a fossile-fired power plant. For this reason, most
of the world's aluminium plants still discharge all the

sulphur dioxide into the surrounding atmosphere.

One object of this invention is to provide a method for,
with the aid of dry adsorption on aluminium oxide, sepa-

rating essentially all the fluorine-containing substances
for recovery purposes, as well as efficiently separating
sulphur dioxide for environmental reasons, from a gas
emitted from a process for aluminium production.

Another object of the invention is to provide a process
by means of which sulphur dioxide and, to a certain ex-
tent, also other undesirable impurities on the adsorbent
can be removed therefrom before the adsorbent is recycled
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to the process for aluminium production, thereby to avoid
recirculation and accumulation of these substances in the

system.

vet another object of the invention is to provide a pro-
cess which, in comparison with prior-art dry gas-cleaning
processes, results in maintained or improved separation
and recovery of fluorine-containing substances, while
maintaining or improving the environmental-friendly char-
acter of the process (low emissions), as compared with

t+he prior-art processes mentioned above.
DESCRIPTION OF THE INVENTION

According to the invention, these objects are achieved by
ti rocess which comprises at least two dry

an adsorption p gl
adsorption stages, in which a gas, which is generated 1n
a process for aluminium production and 1is loaded at least
with fluorine-containing substances that may be gaseous

or particulate, is mixed with and brought into contact
with particulate aluminium oxide, thereby to separate at
1east the fluorine-containing substances from the gas.
The adsorption stages are arranged in the form of one or

more contact reactors, in which the gas 1is treated by
being mixed and contacted with particulate aluminium

oxide.

In the adsorption process according to the invention,

- the gas is treated in a first dry adsorption stage with
at least partly spent particulate aluminium oxide, such
+hat a substantial part of the gaseous fluorides found in
the gas are adsorbed on the adsorbent,

- +he aluminium oxide with adsorbed fluorine-containing
substances is separated from the gas downstream from the
first adsorption stage, whereupon part of the separated
aluminium oxide with adsorbed fluorine-containing com-

pounds is removed from the adsorption process, and the
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remainder of the aluminium oxide is recirculated in the
first adsorption stage, while at the same time the gas 1s
transferred to a second dry adsorption stage arranged

downstream from the first adsorption stage,
- the gas now having a substantially reduced content of

fluorine~-containing substances 1S then, in the second dry
adsorption stage, treated with essentially unspent reac-
+ive aluminium oxide in particulate form, thereby to
adsorb any fluorine-containing substances remaining 1n
the gas after the first adsorption stage and to adsorb

other gases, such as sulphur dioxide, and
- the particulate aluminium oxide is then removed from

the gas downstream from the second adsorption stage,
before the gas is discharged into the surrounding atmos-
phere or undergoes a supplementary treatment downstream,
and at least part of the aluminium oxide separated from
the gas downstream from a contact reactor included in the

second adsorption stage is +ransferred to a contact reac-

tor included in the first adsorption stage.

As appears from the foregoing, the particulate aluminium
oxide passes through the stages of the adsorption process

countercurrently to the gas. The unspent aluminium oxide
is first supplied to a contact reactor which is included

in the second dry adsorption stage and where the alumi-

nium oxide is mixed with and brought into contact with
the gas. From the contact reactor included in the second

adsorption stage, at least some of the now partly spent
sluminium oxide is transferred to a contact reactor in-

cluded in the first adsorption stage. When supplied to a
contact reactor included in the first dry adsorption

stage, aluminium oxide from the second adsorption stage
is mixed with and brought into contact with the gas 1in
+his first adsorption stage. After passing through a con-
tact reactor included in the first adsorption stage, part
of the dry particulate aluminium oxide is separated, the
aluminium oxide being now essentially saturated at least
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with fluorine-containing substances and being removed
from the process, thereby to recycle fluorine-containing
substances to the process for aluminium production, the

remainder of the aluminium oxide being recirculated in

the first adsorption stage.

This recirculation is motivated by two reasons. First,
one wishes to control and optimise the adsorption of
gaseous fluoride from the process gas in the first
adsorption stage. Second, one wishes to obtain the aimed-
at desorption of such substances as sulphur dioxide,
which have been adsorbed on the aluminium oxide in the
second adsorption stage, thereby to prevent any substan-
tial recycling of these substances to the electrolytic
process. Should sulphur (sulphur dioxide) or phosphorus

(phosphorus pentoxide) be recycled to the electrolytic
process, this might have an adverse effect on the yield

of this process.

Since aluminium oxide has a much higher affinity with
hydrogen fluoride than with such gases as sulphur
dioxide, it is possible, by partly recirculating the
adsorbent in at least the first adsorption stage, to
check which substances are recycled to the electrolytic
process along with the adsorbent transferred to the elec-
trolysis furnace, thus preventing undesirable substances,
such as sulphur dioxide and phosphorus pentoxide, from
being recirculated and concentrated in the system includ-
ing the electrolysis furnace and the gas-treatment equip-
ment. All such gases are adsorbed and molecularly bound
to the active surface of the oxide particle in a dry
adsorption process. Since, however, hydrogen fluoride

has a higher affinity with the oxide than with sulphur
dioxide, the sulphur dioxide already adsorbed will be

desorbed, while hydrogen fluoride takes the place of the
sulphur dioxide on the active surface. Under excellent
contact conditions between process gas and adsorbent, the
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adsorption process strives towards a state of equilibrium
with a very high proportion of adsorbed hydrogen fluoride
on the oxide surface, where adsorbed sulphur dioxide only
occurs if there is an excess of active adsorbent surface

in relation to the amount of hydrogen fluoride present
in the process. Owing to the fact that the adsorbent is

recirculated in the first adsorption stage, the process
approaches this state of equilibrium. As a result, the
adsorption of undesirable substances can be monitored and
minimised, such that it is only a minimum of these sub-
stances that is recycled to the electrolysis furnace

together with the adsorbent.

In one embodiment of the invention intended for use when
one wishes to avoid that undesirable substances, such as
sulphur dioxide, that have been adsorbed on the adsorbent
are recycled to the electrolysis furnace, but one never-
theless may allow these substances to be discharged into
the surrounding atmosphere, the adsorbent (aluminium
oxide) is transferred from the second adsorption stage
directly to the first adsorption stage, where it is
recirculated while sulphur dioxide is desorbed. The
desorption is guided towards a state of equilibrium. Sul-
phur dioxide is emitted from the electrolysis process and

accompanies the process gas to the first adsorption
stage. However, the adsorption of sulphur dioxide in this
first stage is controlled and minimised through adsorbent
recirculation in this stage. As a result, the sulphur
dioxide will be concentrated in a cycle between the first
and the second adsorption stage, whereas essentially no
sulphur dioxide will be recirculated between the electro-
lysis furnace and the first adsorption stage. At steady
state, a state of equilibrium finally establishes itself,
in which the amount of sulphur dioxide discharged into
the surrounding atmosphere equals the amount of sulphur
dioxide emitted to the process gases in the electrolysis

furnace.
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For exemplifying purposes, the invention will now be de-
scribed in more detail with the aid of a preferred embo-

diment, reference be had to the accompanying drawing.

DESCRIPTION OF THE DRAWING

In the Hall-Héroult process, aluminium is produced by
reducing aluminium oxide, which is dissolved in a melt
of fluorine-containing minerals, with the aid of elec-
trolysis in an electric reduction furnace 1. The elec-

trolysis takes place at a temperature of approximately
960°C. The melt is partly disintegrated during the pro-

cess, and volatile components leave in gaseous state. As
a result, the gases emitted from the process contain
fluorine compounds, such as hydrogen fluoride (HF) and
fluorine-containing dust. Being extremely damaging to the
environment, these substances have to be separated from
the process gases before these can be discharged into the
surrounding atmosphere. At the same time, however, these
fluorine-containing substances represent a loss of con-
siderable value. Apart from the fluorine-containing com-
pounds, there are present certain combustion products,
such as sulphur dioxide, from the carbon anodes, which
are combusted during the process. Sulphur dioxide should
be removed from the adsorbent not only in order to avoid
that it is recycled to the process, but also because it
is desirable, for environmental reasons, to reduce the
discharges of sulphur dioxide from the process without
having to set up vast and costly plants for treating

the large amounts of gas having a low content of sulphur

dioxide.

When the invention is used for treating a gas 2 emitted
from a process 1 for aluminium production, fluorine-con-
taining substances are separated from the gas in a coun-



CA 02203669 1997-04-24

WO 96/15846 PCT/SE9S5/01392

10

15

20

25

30

35

S

tercurrent adsorption process comprising at least two dry
adsorption stages 3, 4. The gas loaded with fluorine-con-
taining substances is treated in a first dry adsorption
stage 3, which in the Figure is shown as a contact reac-
tor 3. In this contact reactor 3, the gas is mixed with
and brought into contact with a partly spent particulate
adsorbent in the form of aluminium oxide, which is con-
veyed with the current of gas in the contact reactor 3,
the content of fluorine-containing substances in the
process gas being reduced. The adsorption of sulphur
dioxide during the treatment in the first adsorption
stage 3, when the content of fluorine-containing sub-
stances in the gas is at its highest, is suppressed since
such substances as hydrogen fluoride have a much greater
affinity with aluminium oxide than with sulphur dioxide.
In this first adsorption stage, sulphur dioxide is thus
only adsorbed on excess surface on the aluminium oxide,
which is not covered by e.g. hydrogen fluoride. If alumi-
nium oxide on which sulphur dioxide has been adsorbed
comes into sufficiently intensive contact with gas con-
taining hydrogen fluoride, the sulphur dioxide will be
released and replaced by hydrogen fluoride. After the
treatment in the first adsorption stage 3, the particu-
late aluminium oxide is separated from the gas before

the latter, now having a very low content of hydrogen
fluoride, is transferred to a second dry adsorption stage

4 for treatment there. The particulate aluminium oxide,
which has a high content of adsorbed fluorine-containing

substances, such as hydrogen fluoride, is separated from
the gas along with the main part of the particulate fluo-
rine compounds downstream from the first adsorption stage
3 with the aid of prior-art mechanical separating devices
31, such as cyclones. Some aluminium oxide 33, which cor-
responds to the amount of unspent aluminium oxide sup-

plied to the second adsorption stage 4 of the adsorption
process and which is loaded with adsorbed fluorine-con-

taining substances, is (at 33) recycled to the process 1,
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while the remainder of the aluminium oxide is recirculat-
ed (at 32) within the first adsorption stage 3. Through
sufficient recirculation and owing to the difference in
the affinity of the aluminium oxide with respectively
hydrogen fluoride and sulphur dioxide, it is ensured that
the main part of the fluorine-containing substances in
the gas are adsorbed even at the first adsorption stage
3, whereas there is essentially no adsorption of sulphur

dioxide. Instead, a substantial amount of the sulphur
dioxide 1 adsorbed on the aluminium oxide is desorbed. As
a result, essentially all the sulphur dioxide will accom-
pany the gas, so that the fluorine-containing substances
vital to the process 1 can be recycled with a good yield
at 33, while avoiding the recirculation and concentration
of sulphur dioxide in the process. Also the second ad-
sorption stage 4 is arranged in the form of one or more
contact reactors 4 disposed downstream from the first
adsorption stage 3. From the first adsorption stage 3 and
the following separator 31, the gas is transferred at 30
to the contact reactors 4, where it is mixed with and
brought into contact with fresh, reactive and essentially
unspent aluminium oxide. In the contact reactor 4, any

remalning gaseous fluorine, as well as sulphur dioxide,
is adsorbed in an amount depending on the extent to which
the adsorption capacity of the fresh adsorbent (aluminium

oxide) allows adsorption of low-affinity gas. After the
treatment in the second adsorption stage 4, the adsorbent
1s separated from the gas with the aid of a filter 41,
such as a bag filter, whereupon the gas, which has been
very efficiently cleaned of all fluorine-containing sub-
stances, can be discharged into the surrounding atmos-
phere at 5, whereas the aluminium oxide loaded with a

substantial amount of the sulphur dioxide adsorbed in the
second adsorption stage 4 is, in accordance with the
invention, transferred to the first adsorption stage 3.

Through suitable recirculation of aluminium oxide 32 in
the adsorption stage 3, a substantial amount of the sul-
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phur dioxide adsorbed on the aluminium oxide will, when
contacted with process gas having a higher content of
hydrogen fluoride, be desorbed in the adsorption stage
3. The released sulphur dioxide is then conducted along
5 with the process gas to the second adsorption stage 4.
Owing to the desorption of sulphur dioxide, there is an
increase in the active surface on the aluminium oxide
that is available to hydrogen fluoride adsorption, re-
sulting in a highly efficient adsorption of hydrogen

10 fluoride, such that a very high degree of adsorption
of gaseous fluorine is obtained in the first adsorption

stage 3.

Through the aluminium oxide 33 that is transferred to the

15 reduction process 1 from the first adsorption stage 3,
substantially all fluorine-containing substances emitted
from the reduction process 1 to the process gas 2 are
recycled to the reduction process 1. However, essentially
no sulphur dioxide is recycled to the reduction process 1

20 along with the aluminium oxide 33 transferred from the
first adsorption stage 3 to the reduction process 1.

Owing to the fact that sulphur dioxide is desorbed in the

first adsorption stage, the partly cleaned process gas 30
25 transferred to the second adsorption stage 4 will have an
increased sulphur-dioxide content, which to some extent
is reduced in the second adsorption stage 4. At steady
state, a state of equilibrium is established as regards
the recirculation of concentrated sulphur dioxide between
30 the two adsorption stages 3 and 4, the amount of sulphur
dioxide discharged along with the cleaned process gas 5
equalling the amount of sulphur dioxide supplied together

with the as yet uncleaned process gas.

35 In one embodiment of the invention, also the sulphur
dioxide discharged to the surrounding atmosphere together
with the cleaned process gas 5 is reduced by treating the




- —————ap— .

CA 02203669 1997-04-24

WO 96/15846 PCT/SE95/01392

10

15

20

25

30

35

12

sulphur-dioxide-loaded aluminium oxide from the second
adsorption stage 7 in a desorption stage 8. In this
desorption stage 8, substantially all the adsorbed sul-
phur dioxide is desorbed by being heated and mixed with

a through-flowing carrier gas 81. The carrier gas 82
leaving the desorption stage 8 will then have a high con-
centration of sulphur dioxide, essentially all the sul-
phur dioxide having been emitted from the aluminium oxide

through desorption.

Owing to the low affinity of sulphur dioxide with alumi-
nium oxide, the aluminium oxide has a fairly restricted
capacity to adsorb sulphur dioxide. One thus obtains,
even at such a low content of gaseous fluoride in the
process gas 30 transferred to the second adsorption stage
4 as has an essentially negligible effect on the sulphur-
dioxide adsorption during this adsorption stage 4, a

poor separation of sulphur dioxide from the process gas,
if the adsorbent quality is low and/or if the sulphur-
dioxide content of the process gas supplied to this
second adsorption stage 4 is high. In one embodiment of
the invention, the capacity to separate sulphur dioxide
1s raised to the aimed-at level by recycling (at 83) part

of the aluminium oxide treated in the desorption stage 8
to the second adsorption stage 4, where it contributes to

an increase in the amount of active adsorbent. The amount
of aluminium oxide treated in the desorption stage 8 will
thus increase proportionally to the amount of aluminium
oxide recycled at 83 from the desorption stage 8 to the

second adsorption stage 4.

In the desorption stage 8, the sulphur dioxide is desorb-
ed owing to the effect of heating and through-flowing
carrier gas 81, entraining the sulphur dioxide with it on
its way out of the system. If the desorption treatment in
stage 8 is correctly performed, only a small amount of
carrier gas 8l is required, while at the same time a high
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concentration of sulphur dioxide is obtained in the car-
rier gas 82 leaving the desorption stage. The sulphur
dioxide in the carrier gas can, at a reasonable cost,

be washed or converted to commercial products, such as

liquid sulphur dioxide, sulphuric acid or sulphur, by
using well-known processes, since there is only a small
amount of carrier gas 82 involved, for which reason the

treatment equipment may be of small size. The slight
heating of the aluminium oxide required in order to
desorb the sulphur dioxide in the desorption stage 8 does
not result in a desorption of the small amount of hydro-
gen fluoride that has been adsorbed in the second adsorp-
tion stage 4. After the desorption stage 8, the aluminium
oxide is conducted to the first adsorption stage 3, as

has been described in the foregoing.

After having thus passed the dry two-stage adsorption
process 3, 4 countercurrently to the gas and adsorbed
substantially all the hydrogen fluoride and other fluo-
rine-containing substances from the gas, the aluminium
oxide is supplied to the process 1 for aluminium produc-
tion. The sulphur-dioxide content of the aluminium oxide
1s very low and is essentially limited to the amount that
has been adsorbed and has remained during the treatment
in the first adsorption stage 3. Certain other sub-
stances, such as phosphorus, which have been entrained
with the gas from the aluminium-production process 1 and

which reduce the current yield in the electrolytic pro-
cess, have an adverse effect on the process and should

therefore be removed. Phosphorus in the form of particu-
late phosphorus pentoxide is removed from the process gas
in a final filtration stage 41 and may thus be concen-
trated in the system including the electrolysis furnace
and the gas-treatment equipment. It has been found that
the treatment for the removal of sulphur dioxide 8 also
removes a certain amount of phosphorus, thereby reducing

the accumulation thereof in the system.
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Since, in accordance with the inventive method, the par-
ticulate adsorbent (the aluminium oxide) passes the two
stages 3, 4 of the adsorption process countercurrently to
the gas, whereas the gas and the adsorbent are jointly
conveyed with the current in the adsorption stages 3, 4,
the adsorbent is efficiently spent and essentially all
the hydrogen fluoride separated in the first adsorption
stage 3 and recycled along with the adsorbent to the alu-
minium-production process 1, while sulphur dioxide is
separated in the second adsorption stage 4 and is removed

from the adsorbent in the desorption stage 8. The separa-
tion of sulphur dioxide can be adjusted to the aimed-at
efficiency through the recirculation at 83 of the adsor-
bent from the desorption stage 8 to the second adsorption
stage 4. This two-stage process results in recycling with
a high yield of the fluorine-containing substances that
one wishes to recirculate from the process, whereas the
sulphur dioxide can be separated by itself and either be

neutralised in an alkali scrubber or be recovered in the
form of commercially viable products. Since the process
according to the invention in its simplest form reduces

the recirculation and accumulation of sulphur dioxide and
in its more elaborate form also reduces the recirculation

and accumulation of such a pollutant as phosphorus in the

aluminium-production process, there is achieved an im-

proved efficiency in the electrolytic process for alumi-
nium production, since this process would otherwise be
adversely affected by increasing contents of these sub-
stances. Since sulphur can be separated in one embodiment
of the invention, the environmental friendliness of alu-

minium production in its entirety can be improved.
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CLAIMS

1. A method for separating, when treating a gas containing at

least fluorine-containing substances and sulphur dioxide that 1s

emitted from a process for aluminum production, the fluorine-

containing substances and the sulphur dioxide from the gas by
means of adsorption on solid, particulate aluminum oxide 1n a
dry adsorption process, characterised in that

the gas is treated in a first dry adsorption stage with
particulate aluminum oxide, which has been spent to at least
some degree, to adsorb fluorine-containing substances with the
particulate aluminum oxide passing countercurrently to the gas;

the particulate aluminum oxide with adsorbed fluorine-

contarning substances 1s separated from the gas downstream from

the first adsorption stage before the gas 1s transferred to a

second dry adsorption stage;

part of the separated aluminum oxide with adsorbed

| -

fluorine-containing substances 1s removed from the adsorption

process and 1s recycled to the process for aluminum production

with the remainder of the separated particulate aluminum oxilde

with adsorbed fluorine-containing substances beling recilirculated
in the first adsorption stage in order to optimize the

adsorption of the fluorine-contalning substances and the

desorption of sulphur dioxide from the particulate aluminum

oxide 1in the first adsorption stage; and

after the separation of the particulate aluminum oxide with

adsorbed fluorine-containing substances from the gas, the gas 1s
supplied to a second adsorption stage and 1s treated with
unspent particulate aluminum oxide wilth the particulate aluminum
oxlide passing countercurrently to the gas so that any fluorine-

containing substances i1n the gas 1s very efficiently adsorbed

while at the same time a large part of the sulphur dioxide in
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the gas 1s also adsorbed whereupon the particulate aluminum

oxide 1is separated from the gas downstream from the second
adsorption stage before the gas 1s discharged 1into the

surrounding atmosphere and at least part of the particulate
aluminum oxide that 1s separated downstream from the second

adsorption stage 1s transferred to the first adsorption stage.

2 . The method as claimed 1n claim 1 for treating a gas
containing at least fluorine-contalning substances and sulphur
dioxice characterised in that the particulate aluminum oxide,
which is separated downstream from the second adsorption stage
and which is loaded with adsorbed sulphur dioxide, 1s treated 1in

a desorption stage where the particulate aluminum oxlde 1s

heated and a carrier gas flows through the particulate aluminum
oxide thereby to desorb most of the sulphur dioxide adsorbed on

the particulate alumlnum oxide.

3. The method as claimed in claim 2 for treating a gas
containing at least fluorine-contalining substances and sulphur
dioxide characterized in that the part of the particulate
aluminum oxide that 1s treated 1n the desorption stage 1s
recycled to the second adsorption stage 1n order to enhance the

adsorption capacity in the second adsorption stage.

4. The method as claimed 1n claim 3 for treating a gas
containing at least fluorine-containing substances and sulphur
dioxide characterized in that the carrier gas that flows through
the particulate aluminum oxlide 1n the desorptlion stage 1s water

vapour, nitrogen gas or some other non-oxidlsing gas.
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