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ployed to produce an oxygen enriched product. The sieving action of carbon
molecular sieves The present invention relates to a method of   is
generally not dependent upon differences in and an apparatus for separating
a gaseous mixture  equilibrium adsorption but rather by differences in to
produce an enriched gas. More particuarly, the   5   the rate of adsorption
of the different components present invention is directed to an improved
pres-  of the gaseous mixture. When air is separated by sure swing
adsorption method of and apparatus for  carbon molecular sieves, oxygen is
peferentailly separating gaseous mixtures which comprises an     adsorbed
over nitrogen and the pressure swing adsorption step, a pressure
equalisation step, a   adsorption method may be employed to produce a back
fill step, and an evacuation and purge step.  1o  nitrogen enriched
product. Pressure swing adsorption (PSA) is a well         As a gaseous
mixture travels through a bed of known method for separating gaseous
mixtures.     adsorbent, the adsorbable gaseous components of Pressure
swing adsorption involves passing a gas-  the mixture enter and fill the
pores of the adsor- eous mixture at an elevated pressure through a
bent. After a period of time, the composition of the bed of an adsorbent
material which selectively ad-  15  gas exiting the bed of adsorbent is
essentially the sorbs one or more of the components of the gas-    same as
the composition entering the bed. This is eous mixture. Product gas,
enriched in the unad-   known as the break-through point. At some time
sorbed gaseous component(s), is then withdrawn     prior to this
breakthrough point, the adsorbet bed from the bed. The adsorption bed may
be regener    must be regenerated. Regeneration involves stop- ated by
reducing the pressure of the bed.     20  ping the flow of gaseous mixture
through the bed The term "gaseous mixture", as used herein,    and purging
the bed of the adsorbent components refers to a gaseous mixture, such as
air, primarily  generally by venting the bed to the atmosphere. comprised
of two components having different mo-      A pressure swing adsorption
system generally lecular size. The term "enriched gas" refers to a  employs
two adsorbent beds operated on cycles gas comprised of the component(s) of
the gaseous   25  which are sequenced to be out of phase with one mixture
relatively unadsorbed after passage of the  another by 180[err] so that
when one bed is in the gaseous mixture through the adsorbent bed. The
adsorption step, the other bed is in the regenera- enriched gas generally
must meet a predetermined  tion step. The two adsorption beds may be con-
purity level, for example, from about 90% to about  nected in series or in
parallel. In a serial arrange- 99.9%, in the unadsorbed component(s). The
term   30   ment, the gas exiting the outlet end of the first bed "lean
gas" refers to a gas exiting from the adsorp-  enters the inlet end of the
second bed. In a parallel tion bed that fails to meet the predetermined
purity  arrangement, the gaseous mixture enters the inlet level set for the
enriched gas.                   end of all beds comprising the system.
Generally, The selectivity of the adsorbent material may  a serial
arrangement of beds is preferred for ob- depend on a difference in either
adsorption kinetics  35  taining a high purity gas product and a parallel
or adsorption equilibrium. The selectivity of carbon  arrangement of beds
is preferred for purifying a molecular sieves is generally governed by the
vol-  large quantity of a gaseous mixture in a short time ume of the pore
size and the distribution of that  cycle. pore size in the adsorbent.
Gaseous molecules with    As used herein, the term  "adsorption bed" a
kinetic diameter less than, or equal to, the pore  4o  refers either to a
single bed or serial arrangement size of the adsorbent are adsorbed and
retained in  of two beds. The inlet end of a single bed system the
adsorbent while gaseous molecules with a di-  is the inlet end of the
single bed while the inlet end ameter larger than the pore size of the
adsorbent  of the two bed system (arranged in series) is the pass through
the adsorbent. The adsorbent thus     inlet end of the first bed in the
system. The outlet sieves the gaseous molecules according to their  45  end
of a single bed system is the outlet end of the molecular size. The
adsorbent may also separate   single bed and the outlet end of the two bed
molecules according to their different rates of diffu-  system (arranged in
series) is the outlet end of the sion in the pores of the adsorbent.
second bed in the system. By using two adsorption Zeolite molecular sieves
adsorb gaseous mol-   beds in parallel in a system and by cycling (al-
ecules with some dependence upon crystalline   so  temating) between the
adsorption beds, product size. In general, adsorption into zeolite is fast
and  gas can be obtained continuously. equilibrium is reached typically in
a few seconds.    Between the adsorption step and the regenera- The sieving
action of zeolite is generally dependent  tion step, the pressure in the
two adsorption beds upon the difference in the equilibrium adsorption of
Is generally equalized by connecting the inlet ends the different
components of the gaseous mixture.  55  of the two beds together and the
outlet ends of the When air is separated by a zeolite adsorbent, nitro-
two beds together. During pressure equalization, gen is preferentially
adsorbed over oxygen and the  the gas within the void spaces of the
adsorption pressure swing adsorption method may be em-        bed which has
just completed its adsorption step 2  



3                EP 0 462 778 B1                   4 (under high pressure)
flows into the adsorption bed  nicating an adsorber after adsorption step
with an which has just competed its regeneration step (un-  adsorber after
regeneration step for gas transfer der low pressure) because of the
pressure differen-  from the former to the latter, the operation of dis-
tial which exists between the two beds. This pres-  continuing the gas
transfer before establishment of ure equalization step improves the yield
of the   5   pressure equalization, and the regeneration promo- product gas
because the gas within the void      tion by causing back flow of product
gas. spaces of the bed which has just completed its       While the above
pressure swing adsorption adsorption step has already been enriched.
methods provide improvements in the separation of Gas separation by the
pressure swing adsorp-  gaseous mixtures, these methods are not entirely
tion method is more fully described in "Gas Sepa-  10  satisfactory. Common
problems with pressure ration by Adsorption Processes", Ralph T. Yang,
swing adsorption methods include low product Ed., Chapter 7, "Pressure
Swing Adsorption: Princi-  yield, low product purity, the need for large
ples and Processes" Buttersworth 1987, which ref-  amounts of adsorbent,
and energy inefficient re- erence is incorporated herein by reference.
generation methods. Hence there is a need for US-A-4,376,640, issued to Vo,
discloses a   15  improved pressure swing adsorption methods. pressure
swing adsorption method for separating a    It is an aim of the present
invention to provide gaseous mixture which comprises separating a     an
improved pressure swing adsorption method gaseous mixture in a first
adsorption bed, pres-  and apparatus for the separation of gaseous mix-
surising a second vented and evacuated adsorption  tures in high yield and
high purity. bed with lean gas from the first adsorption bed at  20
According to one aspect of the present inven- higher pressure, isolating
the second bed to allow  tion an adsorption method for separating a gaseous
the pressurised vessel to decrease in pressure    mixture in a plurality of
adsorption beds operated through the adsorption of the gas contained there-
out of phase with one another to produce an en- in, separating the gaseous
mixture in a second   riched gas having a predetermined purity com-
adsorption bed, and regenrrating the first adsorp-  25  prises the steps
of: tion bed.                                           a) passing the
gaseous mixture into an inlet end GB-A-2,195,097A, to Garrett, discloses a
pres-  of one adsorption bed at an adsorption pressure sure swing
adsorption method for separating a gas-  in the range of about 104 x [err]
(15 psig) to eous mixture which comprises the improvement of     about
3.448 x 106Pa (500 psig) while withdraw- flowing gas from the product
reservoir to an ad-  30    ing enriched gas from the outlet end of said one
sorption bed whenever the pressure in the product   adsorption bed and
collecting the enriched gas reservoir exceeds that of the adsorption bed.
as product; JP-A-63079714, to Hareuma, discloses a pres-     b) when the
purity of the enriched gas from the sure swing adsorption method for
separating a gas-  outlet end of said one adsorption bed drops to eous
mixture which comprises the improvement of  35    about 0.1% to about 10%
below said predeter- cycling three adsorption beds in cycle fashion un-
mined purity thereby becoming lean gas, stop- der very specific pressure
swing adsorption con-    ping the flow of gaseous mixture into said one
ditions.                                            adsorption bed and
passing the lean gas from GB-A-2, 154,465, to Matsui, discloses a PSA
the outlet end of said one adsorption bed into process employing at least
three adsorption beds  40    the Inlet end of another adsorption bed which
and columns for separating a gas mixture including  has just completed step
c) until the pressure of hydrogen involving performing seven operating
said other adsorption bed is in the range of steps namely: passing feed gas
through a first bed  about 25% to about 50% of the adsorption pres- and
collecting product gas; equalising the pressure  sure; in the first bed
with that in a second bed; further  45    c) stopping the flow of lean gas
from the outlet reducing the pressure in the first bed by passing   end of
said one adsorption bed and evacuating gas to a third bed; evaluating the
first bed; purging  said one adsorption bed from the inlet end to a the
first bed with gas from the second bed while    desorption pressure of
about 3.33 x [err] (25 evacuation is continued; repressurising the first
bed  torr) to about 465.1 x [err] (350 torr) while with product gas; and
equalising the pressure in  so  purging said one adsorption bed by passing
the first bed with that in the third bed. Correspond-  enriched gas product
into the outlet end of said ing steps are performed in appropriate sequence
one adsorption bed; by the second and third beds. The process may be    d)
partially pressurising said one adsorption bed performed at a relatively
low adsorption pressure.  by passing lean gas from the outlet end of
US-A-4,925,461 to Gamba, discloses a process  55    another adsorption bed
which has just com- for separation of nitrogen from a gas mixture pro-
pleted step a) to the inlet end of said one dominantly composed of nitrogen
and oxygen. The     adsorption bed until the pressure in said one process
is characterised by the manner of commu-    adsorption bed is in the range
of about 25% to 



3    5                EP 0 462 778 B1                    6 about 50% of the
adsorption pressure;          and in high purity. The combination of the
pressure e) further pressurising said one adsorption bed  equalisation
step, the evacuation and purge step, by passing enriched gas into the
outlet end of  and the back fill step enhances the purity of the said one
adsorption bed to back fill said one   product gas and more efficiently
regenerates the adsorption bed until the pressure of the back   5
adsorption bed. Specifically, evacuating and purg- filled adsorption bed is
in the range of about   ing the adsorption bed to be regenerated with 50%
to about 100% of the adsorption pressure;   enriched gas from the product
reservoir desorbs f) further pressurising said one adsorption bed  more
adsorbed gas permitting the bed to adsorb by passing the gaseous mixture
into the inlet   more gas in the next cycle. Equalising the pressure end of
said one adsorption bed at an adsorption   io  of the adsorption beds by
passing lean gas from pressure in the range of about 104 x 103Pa (15  the
outlet end of the first adsorption bed into the psig) to about 3.448 x 106
Pa (500 psig); and   inlet end of the second adsorption bed or into both g)
repeating the above steps in a continuous    the inlet end and the outlet
end of the second cycle treating each other adsorption bed in said
adsorption bed simultaneously utilises already en- plurality of adsorption
beds like said one ad-  15  riched gas thereby improving the purity and
yield sorption bed.                                   of product. Back
filling the adsorption bed to be In a modification of the above procedure,
step  regenerated with product gas after the pressure c) is carried out by
passing the lean gas from the  equalisation step from the outlet end
displaces the outlet end of the first adsorption bed into both the  lean
gas deeper Into the bed and provides highly inlet end and the outlet end of
the second bed   20  enriched gas at the top of the bed so that the first
simultaneously to equalize substantially the pres-  gas to be withdrawn
from the bed is of highest sure of the first adsorption bed and the second
purity and does not contaminate the gas in the adsorption bed.
product reservoir with impurities. Embodiments of the invention will now be
de-     In accord with the present invention, the pres- scribed by way of
example, reference being made   25  sure swing adsorption method for
separating a gas- to the Figures of the accompanying diagrammatic   eous
mixture to produce an enriched gas having a drawings in which:-
predetermined purity comprises the steps of a) Figure 1 is a schematic
drawing of a two bed    passing the gaseous mixture into an inlet end of a
pressure swing adsorption apparatus suitable for  first adsorption bed at
an adsorption pressure in separating gaseous mixtures according to the   30
the range from about 104 x [err](15 psig) to present invention;
about 3.448 x [err] (500 psig), b) withdrawing Figure 2 illustrates in
graphic format the specific  enriched gas from an outlet end of the first
adsorp- product of nitrogen obtained versus oxygen con-  tion bed and
passing the enriched gas into a prod- centration when air is separated
using various  uct reservoir, c) when the purity of the enriched pressure
swing adsorption methods (Examples  35  gas from the outlet end of the
first adsorption bed 1-5);                                           drops
from about 0.1% to about 10% below the Figure 3 illustrates in graphic
format the product  predetermined purity thereby becoming lean gas, yield
of nitrogen obtained versus oxygen con-   passing the lean gas from the
outlet end of the first centration when air is separated using various
adsorption bed into an inlet end of a second ad- pressure swing adsorption
methods (Examples  40  sorption bed or simultaneously into an inlet and an
1-5);                                           outlet of a second bed to
substantially equalise the Figure 4 illustrates in graphic format the
specific  pressure of the first adsorption bed and the second product of
nitrogen obtained versus oxygen con-  adsorption bed, wherein the pressure
of the second centration when air is separated employing the  adsorption
bed is in the range from about 25% to pressure swing adsorption  method of
the   45  about 50% of the adsorption pressure, d) stopping present
invention at cycle times of 180 seconds  the flow of lean gas from the
outlet end of the first and 240 seconds (Example 1); and
adsorption bed and evacuating the first adsorption Figure 5 illustrates in
graphic format the product  bed from the inlet end to a desorption pressure
yield of nitrogen obtained versus oxygen con-   from about 3.33 x 103Pa (25
torr) to about 465.1 x centration when air is separated employing the   50
[err] (350 torr) while purging the first adsorption pressure swing
adsorption  method of the       bed by passing enriched gas from the
product present invention at cycle times of 180 seconds  reservoir into the
outlet end of the first adsorption and 240 seconds (Example 1).
bed, e) further pressurising the second adsorption Applicant has found that
the combination of a  bed by passing enriched gas from the product specific
pressure equalisation step, an evacuation   55  reservoir into the outlet
end of the second adsorp- and product gas purge step, and a product gas
tion bed to back fill the second adsorption bed, 



back fill step provides a pressure swing adsorption  wherein the pressure
of the back filled second method which yields enriched gases in high yield
adsorption bed Is in the range from about 50% to 4    7                EP 0
462 778 B1                   8 about 100% of the adsorption pressure, f)
further  enriched in nitrogen, is withdrawn from column 1 or pressurising
the second adsorption bed by passing  column 2 via stop valve 12 or stop
valve 13, the gaseous mixture into the inlet end of the sec-  respectively,
and outlet conduit 10 into product ond adsorption bed at an adsorption
pressure in  reservoir 11. Product gas from reservoir 11 may the range from
about 104 x 103Pa (15 psig) to   5   similarly be back filled into column 1
or column 2 about 3.448 x [err] (500 psig), and g) repeating  via conduit
10 and stop valve 12 or stop valve 13, the above steps in a continuous
cycle treating the  respectively. second adsorption bed like the first
adsorption bed  The product reservoir 11 has an outlet conduit and the
first adsorption bed like the second ad-  14 and stop valve 15 for venting
product gas. The sorption bed.                               io
instantaneous nitrogen flow rate is measured by a The pressure swing
adsorption method of the   mass flow meter and the enriched gas oxygen
present invention employing the novel combination  content is analyzed
upstream from the product of a pressure equalisation step, an evacuation
and  reservoir. purge step, and a back fill step can be better       For
evacuation of column 1 or 2, the inlet end understood by reference to the
apparatus in Figure   15   of column 1 and the inlet end of column 2 are
first 1. Any gaseous mixture including, but not limited to  vented to the
atmosphere and then connected to air (nitrogen and oxygen), methane and
carbon    vacuum pump 17 via outlet conduit 16 and stop dioxide, and
hydrogen and carbon monoxide, may   valve 18 and stop valve 19,
respectively. For pres- be separated by the method of the present inven-
sure equalisation, the outlet end of column 1 is ton. For simplicity, the
present method will be   20  connected to the inlet end of column 2 via
conduit described in connection with the separation of air  20 and stop
valves 21 and 24 or to both the inlet although the method may be used to
separate      end and the outlet end of column 2 via stop valves other
gaseous mixtures normally separated by the  21, 23 and 24 and the
corresponding conduits. pressure swing adsorption method.
Similarly, the outlet end of column 2 is connected Referring to Figure 1,
two pressure resistant  25  to the inlet end of column 1 via conduit 20 and
columns, 1 and 2, are filled with beds of adsor-  stop valves 23 and 22 or
to both the inlet end and bents 3 and 4, respectively. The beds may be
the outlet end of column 1 via stop valves 21, 22 filled, for example, with
carbon molecular sieve  and 23 and the corresponding conduits. adsorbents
suitable for the fractionation of a gas-  At the start of the pressure
swing adsorption eous mixture, such as nitrogen from air. Column 1   30
cycle, feed air from conduit 5 is compressed in contains the first
adsorption bed and column 2   compressor 6 to the adsorption pressure and
then contains the second adsorption bed. Columns 1    passed to the inlet
end of column 1 and adsorption and 2 are essentially identical to each
other as are  bed 3 via conduit 7 and open stop valve 8. The beds of
adsorbents 3 and 4. While Figure 1 shows  adsorption pressure is in the
range from about 104 columns 1 and 2 in a vertical position, the columns
35  X [err] (15 psig) to about 3.448 x [err] (500 may also be employed in a
horizontal position.   psig), preferably from about 346 x 103Pa (50 psig)
Ambient air is fed through air feed conduit 5 to  to about 1.38 x 106 Pa
(200 psig). Adsorption bed 4 compressor 6. Compressor 6 compresses the air
to  in column 2 is evacuated simultaneously. The feed the adsorption
pressure which is then introduced  air is adsorbed in adsorption bed 3 to
sieve selec- into the inlet end of column 1 or column 2 via air  40  tively
oxygen. Product gas, enriched in nitrogen inlet conduit 7 and stop valve
(on-off stop valve) 8  and having a predetermined purity, is withdrawn or
9, respectively. Stop valve 8 introduces feed air  from the outlet end of
column 1 via open stop valve into the inlet end at the bottom of column 1
and  12 and outlet conduit 10 and passed into product stop valve 9
introduces feed air into inlet end at the  reservoir 11. The predetermined
purity of the prod- bottom of column 2.                          45  uct
gas is generally from about 90% to about The feed air may be modified prior
to passage  99.9%. into adsorption column 1 or 2 by passing the air
When the purity of the enriched gas from the through a condenser to remove
excess humidity (a  outlet end of column 1 drops from about 0.1% to
relative humidity of 40% or less is preferred). A  about 10% below the
predetermined purity thereby filter or scrubber may also be employed to
remove   50  becoming lean gas, stop valves 8 and 12 are gases such as
carbon dioxide, sulphur dioxide, or  closed stopping the production of
product gas. nitrogen oxides from the feed air. These purifica-  Stop
valves 21 and 24 are then opened and, ac- tion steps are optional and
improve the purity of  cording to a first embodiment of the invention, lean
the product gas and also prolong the useful life of  air is then passed
from the outlet end of column 1 



the adsorption beds.                         55  to the inlet end of column
2 via conduit 20 to Feed air admitted to column 1 or column 2 is
substantially equalise the pressure of column 1 and adsorbed into bed of
adsorbent 3 or 4, respec-   column 2. The pressure of column 2 is in the
range tively, to selectively sieve oxygen. Product gas,  from about 25% to
about 50%, preferably from 5    9                 EP0462778B1
10 about 35% to about 45%, of the adsorption pres-   having such a
configuration. In this embodiment, sure.
pressure equalisation between the two columns When the pressure
equalisation step is com-   following the presure swing adsorption step is
car- plete, stop valves 21 and 24 are then closed and  ried out by a
variation of the above-described pro- stop valve 13 is opened. Product gas
from reser-   5   cedure. voir 11 is then passed into the outlet end of
column  According to the procedure of this embodi- 2 to back fill column 2.
The pressure of back filled  ment, pressure equalisation of vessels 1 and 2
is column 2 is generally in the range from about 50%  accomplished by
transferring gas from the column to about 100%, preferably from about 60%
to      that has just completed its production step to the about 80%, of
the adsorption pressure.       10  column that has just completed its
evacuation step When the back fill step is complete, stop valve  by causing
the gas to exit out of the former column 9 Is opened to admit feed gas from
compressor 6   through its outlet end and enter the latter column to the
inlet end of column 2 and the cycle is     by flowing through both its
inlet end and its outlet repeated.
end (outlet to inlet and outlet pressure equalisa- Column 1 is regenerated
by opening stop   15  tion). The simultaneous flow of pressurising gas
valves 12 and 18 and venting column 1 to the      into both the outlet end
and the inlet end of the atmosphere. Column 1 is then evacuated from the
column receiving the gas may take place for the inlet end via stop valve 18
to the desorption pros-  entire duration of the pressure equalisation
period sure while enriched gas from product reservoir 11,  or for only a
part of this period. For example, the or alternatively from producing
column 2, is passed   20  gas may continuously flow into the second column
at the product gas purge rate into the outlet end of  through both its
inlet end and its outlet end for the column 1 via stop valve 12. In
general, the desorp-  entire pressure equalisation period or it may flow
tion presure is from about 3.33 x 103Pa (25 torr) to  into the column
through both its inlet end and its about 465 x [err] (350 torr), preferably
from about  outlet end for a part of the pressure equalisation 6.67 x [err]
(50 torr) to about 33.3 x [err] ( 250   25  period and through either its
inlet end or the outlet torr). In general, the product gas purge rate is
from  end for the remainder of the equalisation period. about 0.01
1/1/cycle to about 2 1/1/cycle, prefer-  Any combination of flows is
permissible as long as ably from about 0.1 1/1/cycle to about 0.8 1/1/cy-
flow to both the column's inlet end and outlet end cle.
occurs during some part of the pressure equalisa- Hence, when one
adsorption bed is producing   30  tion period. gas, the other adsorption
bed is being regenerated.  With reference to Figure 1, the modified pres-
In general, the time to complete a cycle (cycle   sure equalisation of this
embodiment may proceed time) is in the range from about 30 seconds to    as
follows. After column 1 has completed its pro- about 600 seconds,
preferably from about 45 sec-  duction step and column 2 has completed its
evac- onds to about 300 seconds.                   35  uation step,
pressure equalisation of vessels 1 and In the embodiment of the process of
the inven-  2 can be accomplished by closing stop valve 8 and ton described
above, equalisation of the pressure  12 and opening stop valves 21, 23 and
24. Lean In columns 1 and 2 following the completion of the  gas then flows
out of vessel 1 through its outlet nitrogen production step is effected by
transferring  end, through open valve 21 and into vessel 2 gas out of the
column which has just completed   40  through both open valves 23 and 24
simultaneous- production, via its outlet, and into the column which  ly. In
the alternate cycle, when vessel 2 has just has just completed
regeneration, via its inlet (outlet  completed its production step and
vessel 1 its to inlet pressure equalisation). For example, when  evacuation
step, stop valves 9 and 13 are closed column 1 has completed its production
cycle, and  and stop valves 21, 22 and 23 are opened. This column 2, its
regeneration cycle, equalisation of  45  permits gas to flow out of vessel
2 through its columns 1 and 2 is carried out by transferring gas  outlet
end, through open valve 23, and into vessel from column 1 to column 2
through valve 21, line  1 through both open valves 21 and 22 simulta- 20
and valve 24.                                  neously. The modified
procedure of this embodi- It sometimes happens that the flow of equalisa-
ment has the advantage that it permits rapid ton gas into the column which
has just completed   so  equalisation of vessels 1 and 2 with very little
or no its evacuation step significantly disturbs the ad-  disturbance of
the bed receiving the pressurising sorption bed in this column. This
results because  gas. 



the sudden rush of high pressure gas into the        The present invention
is further illustrated by evacuated bed causes violent levitation of the
bed.  the following examples which are presented for the This is
particularly the case when the ratio of the   55  purpose of demonstrating,
but not limiting, the column's diameter to its height is small. The follow-
method of this invention. ing alternative embodiment of the invention mini-
mizes the disturbance of the beds in columns 6    11                EP 0
462 778 B1                  12 EXAMPLES 1-7
seconds, the specific product obtained at 99% nitrogen purity increased to
150.2 1/h and the These Examples illustrate the separation of a  product
yield decreased to 65.3%, see Figures 4-5. gaseous mixture to form enriched
gas via conven-     Example 6 illustrates the separation of air by tional
pressure swing adsorption methods and the   5   the embodiment of the
invention in which the pressure swing adsorption method according to the
equalisation step is conducted by transferring gas present invention.
from  the column completing its product step Air was separated to form
enriched nitrogen via  through its outlet and into the column completing
the pressure swing adsorption method at an ad-   its evacuation step
through both its inlet and its sorption pressure of 698 x 103Pa (100 psig),
a   10  outlet. desorption pressure of 18 x [err] (135 torr), a      Air
was separated to form enriched nitrogen via cycle time of 240 seconds, and
a specific product  pressure swing adsorption, at an adsorption pres- gas
purge rate of 0./25 1/1/cycle (liters of gas/liters  sure of 698 x [err]
(100 psig), a cycle time of 240 of adsorbent/cycle).
seconds, a specific product gas purge rate of 0.5 When air was separated
according to the meth-  is  1/1/cycle and with desorption at atmospheric
pres- od of the present invention (outlet end-inlet end  sure. The specific
product and product yield were pressure equalisation step, back fill step,
and evac-  respectively 26.5% and 12.3% greater than the uation and purge
step) at 99% nitrogen purity, the  specific product and product yield
obtained when specific product obtained was 129.2 1/h and the  the
experiment was conducted under identical con- yield of product was 66.5%,
Example 1, see Fig-  20  ditions except that the equalisation of the
columns ures 2-3. When air was separated in the manner   was carried out by
transferring gas from the outlet set out above except that the purge step
was     end of the column that has just completed its carried out without
evacuation but with only vent to  production step and into only the inlet
end of the atmosphere pressure, the specific product obtained  column that
has just completed Its evacuation step. was 72.2 1/h and the yield of
product was 52%,  25  In Example 7, the procedure of Example 6 was Example
2, see Figures 2-3. When air was sepa-   repeated except that the
desorption was carried out rated in the manner set out above except that
the  at a pressure of 40 x 103Pa (300 torr). The increase pressure
equalisation step was carried out by con-  in the specific product and the
product yield com- necting top-top (outlet end-outlet end) and bottom-
pared to the specific product and product yield bottom (inlet end-inlet
end), the specific product  30  obtained by outlet end to inlet end only
pressure was 117.6 1/h and the yield of product was 63.7%,  equalisation
was 4.4% and 5.2%, respectively. Example 3, see Figures 2-3. When air was
sepa-       Accordingly, the improved pressure swing ad- rated in the
manner set out above except that the  sorption method for separating
gaseous mixtures pressure equalisation step was carried out by con-
according to both embodiments of the present in- necting top-top (outlet
end-outlet end) and bottom-  35  vention provides enriched gases in high
yield and bottom (inlet end-inlet end) and the purge step was  high purity.
carried out without evacuation but with only vent to atmosphere pressure,
the specific product obtained  Claims was 81.7 1/h and the yield of product
was 55.5%, Example 4, see Figures 2-3. When air was sepa-  40  1. An
adsorption method for separating a gas- rated in the manner set out above
except that the    eous mixture in a plurality of adsorption beds pressure
equalisation step was carried out by con-   operated out of phase with one
another to necting top-top (outlet end-outlet end) and bottom-  produce an
enriched gas having a predeter- bottom (inlet end-inlet end), the purge
step was     mined purity which comprises the steps of: carried out without
evacuation but with only vent to  45  a) passing the gaseous mixture into
an inlet atmosphere pressure, and the pressurisation step       end of one
adsorption bed at an adsorption was carried out using only lean air and not
with a     pressure In the range of about 104 x [err] back fill step, the
specific product obtained was      (15 psig) to about 3.448 x 106 Pa (500
psig) 77.1 1/h and the yield of product was 54.4%,           while
withdrawing enriched gas from the Example 5, see Figures 2-3.
50        outlet end of said one adsorption bed and 



When the pressurisation step was carried out        collecting the enriched
gas as product; using only lean gas, as described in US-A-             b)
when the purity of the enriched gas from 4,376,640, and the
ultrapressurised vessel was iso-    the outlet end of said one adsorption
bed lated, then vented and evacuated, the specific         drops to about
0.1% to about 10% below product obtained was 125.2 1/h and the yield of  55
said predetermined purity thereby becom- product was 62.6%.
ing lean gas, stopping the flow of gaseous When the cycle time for the
method of Exam-         mixture Into said one adsorption bed and ple 1 was
decreased from 240 seconds to 180            passing the lean gas from the
outlet end of 7    11                EP 0 462 778 B1                   12
EXAMPLES 1-7                                      seconds, the specific
product obtained at 99% nitrogen purity increased to 150.2 1/h and the
These Examples illustrate the separation of a  product yield decreased to
65.3%, see Figures 4-5. gaseous mixture to form enriched gas via conven-
Example 6 illustrates the separation of air by tional pressure swing
adsorption methods and the   5   the embodiment of the invention in which
the pressure swing adsorption method according to the  equalisation step is
conducted by transferring gas present invention.
from  the column completing its product step Air was separated to form
enriched nitrogen via  through its outlet and into the column completing
the pressure swing adsorption method at. an ad-   its evacuation step
through both its inlet and its sorption pressure of 698 x [err] (100 psig),
a   10  outlet. desorption pressure of 18 x 103Pa (135 torr), a      Air
was separated to form enriched nitrogen via cycle time of 240 seconds, and
a specific product  pressure swing adsorption, at an adsorption pres- gas
purge rate of 0/25 1/1/cycle (liters of gas/liters  sure of 698 x 103Pa
(100 psig), a cycle time of 240 of adsorbentcycle).
seconds, a specific product gas purge rate of 0.5 When air was separated
according to the meth-  15  1/1/cycle and with desorption at atmospheric
pres- od of the present invention (outlet end-inlet end  sure. The specific
product and product yield were pressure equalisation step, back fill step,
and evac-  respectively 26.5%  and 12.3% greater than the uation and purge
step) at 99% nitrogen purity, the  specific product and product yield
obtained when specific product obtained was 129.2 1/h and the   the
experiment was conducted under identical con- yield of product was 66.5%,
Example 1, see Fig-  20  ditions except that the equalisation of the
columns ures 2-3. When air was separated in the manner    was carried out
by transferring gas from the outlet set out above except that the purge
step was      end of the column that has just completed its carried out
without evacuation but with only vent to  production step and into only the
inlet end of the atmosphere pressure, the specific product obtained  column
that has just completed its evacuation step. was 72.2 1/h and the yield of
product was 52%,  25   In Example 7, the procedure of Example 6 was Example
2, see Figures 2-3. When air was sepa-    repeated except that the
desorption was carried out rated in the manner set out above except that
the  at a pressure of 40 x 103Pa (300 torr). The increase pressure
equalisation step was carried out by con-  in the specific product and the
product yield com- necting top-top (outlet end-outlet end) and bottom-
pared to the specific product and product yield bottom (inlet end-inlet
end), the specific product  30  obtained by outlet end to inlet end only
pressure was 117.6 1/h and the yield of product was 63.7%,  equalisation
was 4.4% and 5.2%, respectively. Example 3, see Figures 2-3. When air was
sepa-       Accordingly, the improved pressure swing ad- rated in the
manner set out above except that the  sorption method for separating
gaseous mixtures pressure equalisation step was carried out by con-
according to both embodiments of the present in- necting top-top (outlet
end-outlet end) and bottom-  35  vention provides enriched gases in high
yield and bottom (inlet end-inlet end) and the purge step was  high purity.
carried out without evacuation but with only vent to atmosphere pressure,
the specific product obtained  Claims was 81.7 1/h and the yield of product
was 55.5%, Example 4, see Figures 2-3. When air was sepa-  40  1. An
adsorption method for separating a gas- rated in the manner set out above
except that the     eous mixture in a plurality of adsorption beds pressure
equalisation step was carried out by con-    operated out of phase with one
another to necting top-top (outlet end-outlet end) and bottom-   produce an
enriched gas having a predeter- bottom (inlet end-inlet end), the purge
step was      mined purity which comprises the steps of: carried out
without evacuation but with only vent to  45  a) passing the gaseous
mixture into an inlet atmosphere pressure, and the pressurisation step
end of one adsorption bed at an adsorption was carried out using only lean
air and not with a      pressure in the range of about 104 x 103Pa back
fill step, the specific product obtained was       (15 psig) to about 3.448
x 106Pa (500 psig) 



77.1 1/h and the yield of product was 54.4%,            while withdrawing
enriched gas from the Example 5, see Figures 2-3.                  50
outlet end of said one adsorption bed and When the pressurisation step was
carried out         collecting the enriched gas as product; using only lean
gas, as described in US-A-              b) when the purity of the enriched
gas from 4,376,640, and the ultrapressurised vessel was iso-     the outlet
end of said one adsorption bed lated, then vented and evacuated, the
specific          drops to about 0.1% to about 10% below product obtained
was 125.2 1/h and the yield of  55     said predetermined purity thereby
becom- product was 62.6%.                                      ing lean
gas, stopping the flow of gaseous When the cycle time for the method of
Exam-          mixture into said one adsorption bed and pie 1 was decreased
from 240 seconds to 180             passing the lean gas from the outlet
end of 7    13                EP 0 462 778 B1                  14 said one
adsorption bed into the inlet end of  about 90% to about 99.9%. another
adsorption bed which has just com- pleted step c) until the pressure of
said  5. A method as claimed in any one of claims 1 to other adsorption bed
is in the range of        4, in which in step a) the adsorption pressure
about 25% to about 50% of the adsorption   5   is in the range of about 346
x [err] (50 psig) pressure;                                      to about
3.448 x [err] (500 psig). c) stopping the flow of lean gas from the outlet
end of said one adsorption bed and  6. A method as claimed in any preceding
claim, evacuating said one adsorption bed from        in which in step b)
the pressure of said other the inlet end to a desorption pressure of  io
adsorption bed after the pressure equalisation about 3.33 x 103Pa (25 torr)
to about 465 x    step is in the range of about 35% to about [err] (350
torr) while purging said one ad-    45% of the adsorption pressure.
sorption bed by passing enriched gas prod- uct into the outlet end of said
one adsorp-  7. A method as claimed in any preceding claim, tion bed;
15      in which in step c) said one adsorption bed is d) partially
pressurising said one adsorption  evacuated from the inlet end to a
desorption bed by passing lean gas from the outlet end    pressure of about
6.67 x [err] (50 torr) to of another adsorption bed which has just
about 33.3 x 103Pa (250 torr). completed step a) to the inlet end of said
one adsorption bed until the pressure in  20  8. A method as claimed in any
preceding claim, said one adsorption bed is in the range of     in which in
step c) said one adsorption bed is about 25% to about 50% of the adsorption
purged by passing enriched gas product into pressure;
the outlet end of said one adsorption bed at a e) further pressurising said
one adsorption    purge rate of about 0.01 1/1/cycle to about 2 bed by
passing enriched gas into the outlet  25  1/1/cycle. end of said one
adsorption bed to back fill said one adsorption bed until the pressure  9.
A method as claimed in any preceding claim, of the back filled adsorption
bed is in the    in which the pressure of said one adsorption range of
about 50% to about 100% of the        bed at the end of step e) is in the
range of adsorption pressure;                   30      about 60% to about
80% of the adsorption f) further pressurising said one adsorption
pressure. bed by passing the gaseous mixture into the inlet end of said one
adsorption bed at  10. A method according to any preceding claim, in an
adsorption pressure in the range of         which the pressure of said one
adsorption bed about 104 x 103Pa (15 psig) to about 3.448   35  at the end
of step f) is in the range of about x 106 Pa (500 psig); and
6.67 x 103Pa (50 psig) to about 1.38 x 106 Pa g) repeating the above steps
in a continu-     (200 psig). ous cycle treating each other adsorption bed
in said plurality of adsorption beds like  Patentanspruche said one
adsorption bed.               40 1. Ein Adsorptionsverfahren zum Trennen
einer 2. A method as claimed in Claim 1, in which at       gasfdrmigen
Mischung in elner Vielzahl von step d) the partial pressurisation of said
one   Adsorptionsbetten, die auBer Phase miteinan- adsorption bed is
achieved by passing lean       der betrieben warden, urn ein angereichertes
gas from the outlet end of another adsorption   45  Gas mit einer
vorbestimmten Reinheit zu er- bed which has just completed step a) to both
zeugen, watches die Schritte umfaSt, daB: 



the inlet end and the outlet end of said one        a) die gasformige
Mischung in ein EinIaBen- adsorption bed until the pressure in said one
de eines Adsorptionsbettes bei einem Ad- adsorption bed is in the range of
about 25% to      sorptionsdruck in dem Bereich von 104 x about 50% of the
adsorption pressure.    so         103 Pa (15 psig) bis ungefthr 3,448 x
106 Pa (500 psig) gefthrt wird, w~hrend ange- 3. A method as claimed in
Claim 1 or 2, in which       reichertes Gas aus dem AuslaBende des the
adsorption beds comprise carbon molecu-         einen Adsorptionsbettes
entzogen wird und lar sieves, the gaseous mixture is air and the      das
angereicherte Gas als Produkt gesam- enriched gas is nitrogen.
55         melt wird; b) wenn die Reinheit des angereicherten 4. A method
as claimed in any one of Claims 1, 2       Gases aus dem AuslaBende des
einen Ad- or 3, in which the predetermined purity is from
sorptionsbettes zu ungefAhr 0,1 % bis un- 8 *  C  L  M   S  *    15
EP 0 462 778 B1                    16 gefahr 10 % unter die vorbestimmte
Rein-        sowohl zu dem Einlafende als auch dam Aus- heit fHilt, wodurch
es Magergas wird, der       lafende des einen Adsorptionsbettes, bis der
FluB der gasformigen Mischung in das eine       Druck in dem einen
Adsorptionsbett in dem Adsorptionsbett gestoppt wird und das Ma-
Bereich von ungefahr 25 % bis ungefghr 50 % gergas aus dem AuslaBelnde des
oinen Ad-   5    des Adsorptionsdruckes liegt. sorptionsbettes in das
EinlaBende eines an- deren Adsorptionsbettes gefUhrt wird, wel-   3  Ein
Verfahren nach Anspruch 1 oder 2, in ches gerade Schritt c) abgeschlossen
hat,       welchem die Adsorptionsbetten Kohlenstoffmo- bis der Druck des
anderen Adsorptionsbet-       lskularsiebe umfassen, die gasformige Mi- tes
in dem Bereich von ungefihr 25 % bis  70    schung Luft ist und das
angereicherte Gas ungefahr 50 %  des Adsorptionsdruckes
Stickstoff ist. liegt; c) der FluB von Magergas aus dem Ausla-      4. Ein
Verfahren nach einem der AnsprUche 1, 2 Bende des elnen Adsorptionsbsttes
beendet       oder 3, in welchem die vorbestimmte Reinheit wird und das
elne Adsorptionsbett von dem   15  zwischen ungsfifhr 90 % bis ungefaihr
99,9 % Einiafende zu einem Desorptionsdruck von        liegt. ungef~hr 3,33
x 103 Pa (25 Torr) bis unge- fahr 465 x 103 Pa (350 Torr) evakuiert wird,
5. Ein Verfahren nach einem der AnsprUche 1 bis wihrend das eine
Adsorptionsbett gereinigt      4, in welchern in Schritt a) der
Adsorptions- wird, indem angereichertes Gasprodukt in  20    druck in dem
Bereich von ungefahr 346 x 103 das AuslaBende des einen Adsorptionsbet-
Pa (50 psig) bis ungefihr 3,448 x 106 Pa (500 tes hineingsfflhrt wird;
psig) liegt. d) das eine Adsorptionsbett partiell unter Druck gesetzt wird,
Indem Magergas aus      6  Ein Verfahren nach irgendeinem vorhergehen- dem
AuslaBende eines anderen Adsorp-  25       den Anspruch, in welchern in
Schritt b) der tionsbettes, weiches gerade Schritt a) abge-    Druck des
anderen Adsorptionsbettes nach schlossen hat, zu dem EinlaBende des ei-
dem Druckausgleichschritt in dam Bereich von nen Adsorptionsbettes gefUhrt
wird, bis der     ungefahr 35 % bis ungefihr 45 % des Adsorp- Druck in dem
einen Adsorptionsbett in dem       tionsdruckes liegt. Bereich von ungefghr
25 % bis ungeflhr 50   3o % des Adsorptionsdruckes liegt;              7.
Ein Verfahren nach Irgendeinem vorhergehen- e) weiter das eine
Adsorptionsbett unter        den Anspruch, in welchem in Schritt c) das
Druck gesetzt wird, indern angereichertes       eine Adsorptionsbett von
dem Einlalosnde zu Gas in das AuslaBende des einen Adsorp-         einem
Desorptionsdruck von ungefahr 6,67 x tionsbettes gefthrt wird, umr das eine
Ad-  35  103 Pa (50 Tonr) zu ungefahr 33,3 x 103 Pa sorptionsbett
zurickzuffllen, bis der Druck     (250 Torr) evakuiert wird. des
zuruckgefallten Adsorptionsbettes in dam Bereich von ungefAhr 50 % bis
unge-      &  Ein Verfahren nach irgendeinem vorhergehen- fahr 100 % des
Adsorptionsdruckes liegt;        den Anspruch, in welchem in Schritt c) das
f) das eine Adsorptionsbett unter Druck ge-  4o  eine Adsorptionsbett
gereinigt wird, indem an- setzt wird, Indem die gasftormige Mischung
gereichertes Gasprodukt in das AuslaBende in das Einlafelnde des einen
Adsorptions-       des einen Adsorptionsbettes bei einer Reini- bettes bei
elnem Adsorptionsdruck in dem        gungsrate von ungeflhr 0,01 1/1 Zyklus
bis 



Bereich von ungefahr 104 x 103 Pa (15           ungefahr 2 1/1 Zyklus
gefUhrt wird. psig) bis ungefahr 3,448 x 106 Pa (500   45 psig) gefUhrt
wird; und                      9. Ein Verfahren nach irgendeinem
vorhergehen- g) die obigen Schritte in einem kontinuierli-   den Anspruch,
in welchem der Druck des ei- chen ZykIus wiederholt werden, der ein an-
nen Adsorptionsbettes beim Ends von Schritt deres Adsorptionsbett in der
Vieizahl von       e) in dem Bereich von ungefflhr 60 %  bis
Adsorptlonsbetten wie das eine Adsorp-  50      ungefdhr 80 % des
Adsorptionsdrukkes liegt. tionsbett behandelt. 10. Ein Verfahren nach
irgendeinem vorhergehen- 2. Ein Verfahren nach Anspruch 1, in welchem
den Anspruch, in welchem der Druck des ei- bei Schritt d) das partielle
Unter-Druck-Setzen    nen Adsorptionsbettes beim Ende von Schritt des einen
Adsorptionsbettes erreicht wird, in-  5a  t) in dem Bereich von ungefghr
6,67 x 103 Pa dem Magergas aus dem Auslafende eines an-          (50 psig)
bis ungefghr 1,38 x 106 Pa (200 psig) deren Adsorptionsbettes gefUhrt wird,
weiches      liegt. gerade Schritt a) abgeschlossen hat, und zwar 1111111
111111 1111111111111111 *   t   L  Mk  S   *    17                 EP 0 462
778 B1                      18 Revendloatlons
d'adsorption, f) la mise supplementaire sous pression du 1. Procede
d'adsorption destine a la separation             premier lit d'adsorption
par circulation du d'un melange gazeux dans plusleurs lits d'ad-
mdlange gazeux a l'extrdmit4 d'entree du sorption qui sont utilises sous
forme dephasie    5     premier lit d'adsorption & une pression ~s2
mutuellement, pour la creation d'un gaz enrichi          d'adsorption
comprise entre environ 104.103 ayant une purete pred6terminee, comprenant
Pa (15 psig) et environ 3,448.106 Pa (500 les etapes suivantes:
psig), et a) la circulation du melange gazeux b une             g) la
r6petition des 6tapes precddentes, extrdmit6 d'entr6e d'un lit d'adsorption
&   io       sous forme d'un cycle continu, avec traite- une pression
d'adsorption comprise entre              ment de chaque autre lit
d'adsorption des environ 104.103 Pa (15 psig) et environ
divers lits d'adsorption de la meme maniere 3,448.106 Pa (500 psig) avec
extraction du            quo le premier lit d'adsorption. gaz enrichi a
l'extr~mit4 do sortie d'un pre- mier lit d'adsorption et collecte du gaz
enri-  '5   2. Procede salon la revendication 1, dans lequel, chi comme
produit,                                 dans l'4tape d), la mise sous
pression partielle b) lorsque la purete du gaz enrichi prove-         du
premier lit d'adsorption est rdalisge par nant de l'extremite de sortie du
premier lit       circulation du gaz appauvri de l'extremit6 de
d'adsorption tombe au-dessous de la purete         sortie d'un autre lit
d'adsorption qui a juste predetermirnoe d'une valeur comprise entre   20
termin6 l'etape (a) & la fois vers l'extremite environ 0,1 et 10 %, et
forme ainsi un gaz         d'entree et l'extremite de sortie du premier lit
appauvri, I'arret de la circulation du melan-      d'adsorption jusqu'h co
quo la pression dans go gazeux dans le premier lit d'adsorption         le
premier lit d'adsorption soit comprise entre et la circulation du gaz
appauvri de l'extre-      environ 25 et 50 % de la pression d'adsorp- mite
de sortie du premier lit d'adsorption   26    tion. vers l'extremit6
d'entr6e d'un autre lit d'ad- sorption qui vient juste de terminer l'etape
3. Procede solon la revendication 1 ou 2, dans c) jusqu'a ce quo l'autre
lit d'adsorption ait     loquel les lits d'adsorption comprennent des une
pression comprise entre environ 25 et          tamis moleculaires a base de
carbone, le me- 50 % de la pression d'adsorption,         30       lange
gazeux est P'air, et le gaz enrichi est c) l'arret de la circulation du gaz
appauvri       l'azote. provenant de l'extremite de sortie du pre- mier lit
d'adsorption et l'Nvacuation de ce    4. Proced6 solon l'une quelconque des
revendi- premier lit d'adsorption par l'extremit6 d'en-     cations 1, 2 ou
3, dans lequel la purete pred6- trWe jusqu'a une pression de desorption
35       terminee est comprise entre environ 90 et 99,9 comprise entre
environ 3,33.103 Pa (25 torr) et environ 465.103 Pa (350 torr), avec purge
du premier lit d'adsorption par passage du      5. Procede solon l'une
quelconque des revendi- produit gazeux enrichi vers l'extremit6 de
cations 1 a 4, dans loquel, au cours de l'6tape sortie du premier lit
d'adsorption,       40       a), la pression d'adsorption est comprise
entre 



d) la mise sous pression partielle du pre-         environ 346.103 Pa (50
psig) et 3,448.106 Pa mier lit d'adsorption par circulation du gaz
environ (500 psig). appauvri provenant de l'extremit6 de sortie du premier
lit d'adsorption qui a juste termi-  6. Procede solon l'une quelconque des
revendi- n6 l'6tape a) vers l'extremite d'entree du   45    cations
pr6cedentes, dans lequel, au cours de premier lit d'adsorption jusqu'A ce
quo la         l'etape b), la pression de l'autre lit d'adsorp- pression
dans le premier lit d'adsorption          tion, apres l'etape d'egalisation
de pression, soit comprise entre environ 25 et 50 % de          est
comprise entre environ 35 et 45 % de la la pression d'adsorption,
pression d'adsorption. e) la mise sous pression suppldmentaire du   so
premier lit d'adsorption par circulation du    7. Proc~d6 solon l'une
quelconque des revendi- gaz enrichi a l'extremite de sortie du pre-
cations prdcddentes, dans lequel, au cours de mier lit d'adsorption de
manibre quo le pre-       I'6tape c), le premier lit d'adsorption est 6va-
mier lit d'adsorption subisse un remplissage       cu6 par l'extrdmitd
d'entrde I une pression de par circulation en sens inverse jusqu'a ce   55
desorption d'environ 6,67.103 Pa (50 torr) et quo la pression du lit
d'adsorption rempli         d'environ 33,3.103 Pa (250 torr). par
circulation en sens inverse soit compri- se entre environ 50 et 100 % de la
pression 10             1lllllll I\  UI111    19                 EP 0 482
778 B1                     20 . Proc~d6 selon l'une quelconque des revendi-
cations prkc~dentes, dans loquel, au cours de l'4tape c), le premier lit
d'adsorption est purg4 par circulation du produit gazeux enrichi !
l'extr6mitt de sortie du premier lit d'adsorption    5 avec un d6bit de
purge compris entre environ 0.01 et 2 I/I.cycle. 9. Procd4 selon l'une
quelconque des revendi- cations precddentes, dans loquel la pression   10
du premier lit d'adsorption a la fin de l'6tape (e) est comprise entre
environ 60 et 80 % de la pression d'adsorption. 10. Proc~d4 selon l'une
quelconque des revendi-  16 cations prc6dentes, dans lequel la pression du
premier lit d'adsorption h la fin de l'etape f) est comprise entre environ
6,67.103 Pa (50 psig) et environ 1,38.106 Pa (200 psig). 20 26 30 36 40 45
50 55    


