
1,019,852                                            3 the ambient air not
freed from carbon dioxide  adsorbent mass in a strongly heated condition;
through a reheater 6 over a steam  coil 7,  it is brought to its initial
temperature in the which brings it to about 100[err]C., and thence  coil 10
of the water cooler 11. When the cool- through a pipe 8 into the adsorbent
material  of the adsorbent to its operational temperature 5   9 in a
direction opposite to the circulation  is completed, the auxiliary cooling
of the air  70 direction of the air to be purified. When the  in the water
cooler 11 can be interrupted. adsorbent material 9 is completely reheated,
In the method employing the arrangement it is brought to its operational
temperature,  shown in Figure 3 (a, b, c), the adsorbent mass which is
close to ambient temperature, by the  9 charged with carbon dioxide gas and
steam 10  initial passage therethrough of cold nitrogen  is first of all
heated to a temperature permitt-  75 until a stage is reached wherein a
zone 18 at  ing the desorption of the adsorbed impurities the end of the
arsorbent material and through  by a current of hot air from which carbon
di- which the air to be purified must pass is  oxide has not been removed
(Figure 3a). When cooled, and then the remainder of the adsor-  all of the
adsorbent mass 9 reaches this tem- 15  bent material 9, which has only been
slightly  perature, it is introduced into the circuit of  80 cooled or not
cooled at all, is cooled by pass-  the air to be purified, behind the
operating ing through  the  bed air to be  purified   adsorbent mass 3
which is still not saturated (Figure 1c). This air is freed from carbon di-
with impurities. The air purified in passing oxide and dried while passing
through  the  through the adsorbent mass 3 cools the mass 9 20  cooled zone
18, and then brings about the  while being itself reheated  and  whilst en-
85 cooling of the layers of adsorbent material  training the small quantity
of impurities pre- further from the inlet. It is as a result strongly sent
in the interstices of the grains of adsor- reheated; by passing through the
coil 10 em-  bent mass 9; the air is then cooled in the coil bedded in a
water cooler 11, the recooling   10 immersed in the water cooler 11 before
be- 25  thereof to  ambient temperature  is assured  ing passed to the
oxygen-nitrogen/installation  90 before it leaves by way of the pipe 12 to
pass  through the conduit 12. to the liquefaction installation proper. The
successive layers of the adsorbent material are   When a sufficient zone 21
at the inlet end thus cooled gradually until all the adsorbent  of the
adsorbent mass 9 has been returned 30  material is restored to its
operational tempera-  to its operational temperature, the air to be ture.
The auxiliary cooling of the treated air  purified is caused to pass
directly through the in the cooler 11 can then be interrupted. The
adsorbent mass 9, while the regeneration of adsorbent material 3 charged
with carbon di-  the now substantially  saturated  adsorbent oxide gas and
steam  possibly with a small  mass 3 is started by sending hot air through
35  quantity of hydrocarbons, can be subjected to  it in the same manner as
described above. The 



regeneration by the passage of hot air originat-  cold zone 21 of the
adsorbent mass 9 fixes  100 ing from  the fan 5 and the reheater 6.
the carbon dioxide gas and the steam present In the method of regeneration
and cooling  in the air to be purified at 22 which air then using the
arrangement shown  in Figure 2  cools at 23 the still hot layers of the
adsor- 40  (a, b, c), the adsorbent mass 9 charged with  bent mass by being
reheated on contact there- impurities is first of all heated by passing in
with. The air is then brought to its initial 105 contact with air delivered
by the fan 5 and re-  temperature in the water cooler 11. When the heated
in the reheater 6. When the desorp-  cooling of the adsorbent mass 9 is
complete, tion of the impurities is complete, air de-  the auxiliary
cooling of the air in the cooler 45  livered by the fan 5 into the conduit
13  11 can be stopped. (Figure 2b) is caused to pass over the same       It
will be noted that in this embodi-  110 adsorbent mass, but in the opposite
direc-  ment, at the moment when the adsorbent mass tion. This air leaves
by way of a conduit 14  9, which is regenerated but still not cooled, is at
a temperature close to the regeneration   being traversed by the purified
air leaving 50  temperature of the adsorbent mass; it is then  the
adsorbent mass 3, this latter air entrains cooled by passing through the
coil 16 immer-  a small quantity of impurities. However, the  115 sed in a
water cooler 17, then recycled by the  period of time during which the air
leaving fan 5 and a conduit 13 towards the adsorbent  contains a small
quantity of impurities is quite mass. After a short time, the adsorbent
zone  short; the carbon dioxide gas content of the 55  20 near the inlet
end 19 is cooled to the region  air leaving, which is for example 70 parts
of its operational temperature, and it then  per million (70 p.p.m.) at the
start, falls very  120 fixes in zone 20 the limited quantity of car-
rapidly to the region of zero. The passage, non dioxide gas and steam
present in the circulating  through the remainder of the installation for
air. As soon as the cooled zone has reached  separating the air, of this
small quantity of 60  a sufficient thickness, the adsorbent mass is
impurities does not present any major incon- again brought into general
operation. The air  venience; it can moreover be checked by con- 125 to be
purified is freed from its impurities  ventional means, for example
filters, at a while it is passing through the cooled zone  temperature
level where these impurities are 20, and then cools the still hot layers of
the  solid. This inconvenience can moreover be 65  adsorbent mass 9 (Figure
2c). It leaves the  completely avoided by using a battery of three    4
1,019,852 adsorbent masses arranged in ternary permu-  same composition as
said impure gas or mix- tation, as will be described in more detail in
ture of gases and which is hotter than said im- 



connection with Figure 4 (a, b, c).          pure gas or mixture of gases,
and thereafter Referring now to the arrangement shown in  cooling the hot
bed of adsorbent material to  65 5  Figure 4 (a, b, c), the air compressed
in the  its operational temperature, said cooling be- compressor 1 is
introduced during a first  ing effected by passing through said hot bed
period (Figure 4a) through the conduit 2 into  of adsorbent material a cold
gas or mix- the operational adsorbent mass 3 (already satur-  ture of
gases, which is free or substantially ated with impurities in a zone 25),
then  free from  adsorbable impurities, until a por-  70 10  through a pipe
31 into an adsorbent mass 9  tion of said bed of adsorbent material has
which is being cooled (already cooled in a  been cooled to the temperature
of said im- zone 26); finally, it passes through a conduit  pure gas or
mixture of gases and completing 32 into the coil 10 of a water cooler 11,
and the cooling of said bed of adsorbent material is passed through the
conduit 12 to the cool-  by passing through said portion and then  75 15
ing exchangers. A third adsorbent mass 24 is  through the remainder of said
bed of adsorbent regenerated as already described by means of  material a
stream of the impure gas or mix- atmospheric air delivered by a fan 5 into
a  ture of gases to be purified. reheater 6 having a steam  coil 7, and
then    2. A process according to Claim  1, where- through the conduit 8
into the adsorbent mass.  in the purified gas or mixture of gases flow-  80
20  When the adsorbent mass 9 is completely  ing out of the adsorbent bed
and originating cooled, the cooling of the air in the cooler 11  from the
impure gas or mixture of gases used is stopped, this mass remaining in
series with  to complete the cooling of said bed of adsor- the mass 3 and
permitting the purification  bent material is cooled until such time as the
to be completed.                             whole of the adsorbent bed has
been cooled to  85 25    When the adsorbent mass 3 is saturated with
substantially the temperature of the impure impurities, the three masses
are interchanged  gas or mixture of gases. (Figure 4b). While the mass 3 is
subjected    3. A process according to Claim  1 or 2, to the regeneration
by reheating, the air to be  wherein said cold gas is a component separ-
purified is introduced into the mass 9, and  ated out of a purified mixture
of gases.     90 30  then from  thence through a conduit 33 into    4. A
process according to Claim  1 or 2, a regenerated mass 24 to be cooled. As
before,  wherein said cold gas or mixture of gases is a a zone 27 saturated
with impurities is formed  quantity of impure gas or mixture of gases in
the mass 9 and a cooled zone 28 is formed  which is passed through said hot
bed of re- in the mass 24, both zones progressing from   generated
material, cooled and then recycled 35  the inlet end towards the outlet
end.        through said adsorbent bed. When the adsorbent mass 24 is
completely    5. A process according to Claim  1 or 2, cooled and the mass
9 is saturated with im- wherein said cold gas or mixture of gases is
purities, the three masses are again inter-  a stream of purified gas or
mixture of gases 



changed. The mass 9 is subjected to the re-  flowing out of an adsorbent
bed in operation, 100 40  generation by reheating, while the air to be  and
wherein the passage of the impure gas or purified is introduced into the
cooled mass  mixture of gases, from  which said purified 24, and from
thence through a conduit 35  gas or mixture of gases is obtained, through
into the regenerated mass 3 which is to be  said adsorbent bed in operation
is interrupted cooled. During this third period, the mass 24  when a
portion of the hot bed of adsorbent 105 45  is progressively charged with
impurities (zone  material has been cooled to the temperature 29) and the
mass 3 is progressively cooled  of the impure gas or mixture of gases and
the (zone 30). When the mass 3 is completely  impure gas or mixture of
gases is used to cooled and the mass 24 is saturated with im-  complete the
cooling of the hot bed of adsor- purities, the mass 9 being on the other
hand  bent material.                              110 50  regenerated, a
fresh interchange restores the    6. A process according to any one of the
adsorbent masses to the arrangement shown in  preceding claims, wherein the
mixture of gases Figure 5a.                                   to be
purified is air charged with moisture, carbon dioxide and hydrocarbons, the
adsor- WHAT WE CLAIM  IS: -                       bent material is a silica
gel, an activated alu- 115 1. In a process for purifying an impure  mina or
a synthetic zeolite, and the purifica- 55  gas or mixture of gases in which
adsorbable  tion by adsorption is carried out at room tem- impurities
present in said impure gas or mix-  perature. ture of gases are adsorbed by
a bed of adsor-    7. A process according to Claim  1, sub- bent material,
the steps which comprise re-  stantially as hereinbefore described with
refer- 120 generating said bed of adsorbent material by  ence to Figure 1,
2 or 3, of the accompany- 60  passing therethrough  a gas or mixture of
ing drawings. gases which has the same or substantially the    8. A process
according to Claim  1, sub-    4
1,019,852 adsorbent masses arranged in ternary permu-  same composition as
said impure gas or mix- tation, as will be described in more detail in
ture of gases and which is hotter than said im- connection with Figure 4
(a, b, c).            pure gas or mixture of gases, and thereafter
Referring now to the arrangement shown in  cooling the hot bed of adsorbent
material to  65 5   Figure 4 (a, b, c), the air compressed in the  its
operational temperature, said cooling be- compressor 1 is introduced
during  a first  ing effected by passing through said hot bed period
(Figure 4a) through the conduit 2 into  of adsorbent material a cold gas or
mix- the operational adsorbent mass 3 (already satur-  ture of gases, which
is free or substantially 



ated  with impurities in a zone 25), then  free from  adsorbable
impurities, until a por-  70 10  through a pipe 31 into an adsorbent mass 9
tion of said bed of adsorbent material has which is being cooled (already
cooled in a  been cooled to the temperature of said im- zone 26); finally,
it passes through a conduit  pure gas or mixture of gases and completing 32
into the coil 10 of a water cooler 11, and  the cooling of said bed of
adsorbent material is passed through the conduit 12 to the cool-  by
passing through  said portion and  then  75 15  ing exchangers. A third
adsorbent mass 24 is  through the remainder of said bed of adsorbent
regenerated as already described by means of  material a stream  of the
impure gas or mix- atmospheric air delivered by a fan 5 into a  ture of
gases to be purified. reheater 6 having a steam  coil 7, and then      2. A
process according to Claim  1, where- through the conduit 8 into the
adsorbent mass.  in the purified gas or mixture of gases flow-  80 20  When
the adsorbent mass 9 is completely  ing out of the adsorbent bed and
originating cooled, the cooling of the air in the cooler 11  from the
impure gas or mixture of gases used is stopped, this mass remaining in
series with  to complete the cooling of said bed of adsor- the mass 3 and
permitting the purification  bent material is cooled until such time as the
to be completed.                               whole of the adsorbent bed
has been cooled to  85 25    When the adsorbent mass 3 is saturated with
substantially the temperature of the impure impurities, the three masses
are interchanged  gas or mixture of gases. (Figure 4b). While the mass 3 is
subjected        3. A process according to Claim  1 or 2, to the
regeneration by reheating, the air to be  wherein said cold gas is a
component separ- purified is introduced into the mass 9, and  ated out of a
purified mixture of gases.         90 30  then from  thence through a
conduit 33 into    4. A process according to Claim  1 or 2, a regenerated
mass 24 to be cooled. As before,  wherein said cold gas or mixture of gases
is a a zone 27 saturated with impurities is formed  quantity of impure gas
or mixture of gases in the mass 9 and a cooled zone 28 is formed  which is
passed through said hot bed of re- in the mass 24, both zones progressing
from   generated material, cooled and then recycled 35  the inlet end
towards the outlet end.           through said adsorbent bed. When the
adsorbent mass 24 is completely    5. A process according to Claim  1 or 2,
cooled and the mass 9 is saturated with im-  wherein said cold gas or
mixture of gases is purities, the three masses are again inter-  a stream
of purified gas or mixture of gases changed. The mass 9 is subjected to the
re-  flowing out of an adsorbent bed in operation, 100 40  generation by
reheating, while the air to be  and wherein the passage of the impure gas
or purified is introduced into the cooled mass  mixture of gases, from
which said purified 24, and from  thence through a conduit 35  gas or
mixture of gases is obtained, through into the regenerated mass 3 which is
to be  said adsorbent bed in operation is interrupted cooled. During this
third period, the mass 24  when a portion of the hot bed of adsorbent 105 



45  is progressively charged with impurities (zone  material has been
cooled to the temperature 29) and the mass 3 is progressively cooled  of
the impure gas or mixture of gases and the (zone 30). When the mass 3 is
completely  impure gas or mixture of gases is used to cooled and the mass
24 is saturated with im-  complete the cooling of the hot bed of adsor-
purities, the mass 9 being on the other hand  bent material.
110 50  regenerated, a fresh interchange restores the    6. A process
according to any one of the adsorbent masses to the arrangement shown in
preceding claims, wherein the mixture of gases Figure 5a.
to be purified is air charged with moisture, carbon dioxide and
hydrocarbons, the adsor- WHAT WE CLAIM  IS:-                          bent
material is a silica gel, an activated alu- 115 1. In a process for
purifying an impure  mina or a synthetic zeolite, and the purifica- 55
gas or mixture of gases in which adsorbable  tion by adsorption is carried
out at room tem- impurities present in said impure gas or mix-  perature.
ture of gases are adsorbed by a bed of adsor-    7. A process according to
Claim  1, sub- bent material, the steps which comprise re-  stantially as
hereinbefore described with refer- 120 generating said bed of adsorbent
material by  ence to Figure 1, 2 or 3, of the accompany- 60  passing
therethrough  a gas or mixture  of  ing drawings. gases which has the same
or substantially the     8. A process according to Claim  1, sub-
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