
4 PATENT SPECIFICATION    (11) 1505 957 t-  (21) Application No. 27160/76
(22) Filed 30 June 1976 (31) Convention Application No. 630050 (32) Filed 7
Nov. 1975 in. (33) United States of America (US) (44) Complete
Specification published 5 April 1978 (51) INT [err]  BO1D 53/00 (52) Index
at acceptance BIL  102 203 204 211 215 302 BH (54) SELECTIVE ADSORPTION
PROCESS -    (71)   We, UNION  CARBIDE COR-  vide duplicate systems. By way
of example, PORATION, a corporation organized and  two sets of four bed
systems may be used existing under the laws of the State of New  to
increase an otherwise limited production York, United States of America, of
270  rate. However, this is an expensive solution 5  Park Avenue, New York,
State of New York,  since the number of vessels is essentially  55 10017,
United States of America, (assignee  doubled even if only slightly higher
produc- of ANDRIJA  FUDERER  and  ERNST  tion is required. RUDELSTORFER),
do hereby declare the    An even more important limitation of prior
invention, for which we pray that a patent  art four bed systems is their
percent re- 10  may be granted to us, and the method by  covery of hydrogen
and relatively high re-  60 which it is to be performed, to be particu-
quired inventory of adsorbent. larly described in and by the following
state-    A  main object of this invention is to ment: -
provide an adiabatic pressure swing adsorp- This invention relates to a
process for  tion process which affords higher percent re- 15  separating
gas mixtures such as hydrogen  covery of unabsorbed product effluent than
65 containing carbon dioxide and nitrogen im-  realized with prior art
processes. purities, by adiabatic pressure swing ad-    Another object is
to provide an adiabatic sorption.                                 pressure
swing adsorption process which is Adiabatic pressure swing adsorption pro-
not restricted in production rate by prior art 20  cesses of the type
described in Batta U.S.  limitations in adsorbent bed size.        70
Patent No. 3,564,816 with four adsorbent    Still another object is to
provide an adia- beds and two pressure equalization stages  batic pressure
swing adsorption process which are widely used for separating gas mixtures
requires a smaller total volume of adsorbent such as hydrogen with water,
carbon dioxide,  vessels and a lower total quantity of adsor- 25  methane
and carbon monoxide impurities, as  bent material than would be required by
em-  75 for example produced in stream reforming  ploying prior art
systems. of naphtha. In these processes at least one    This invention
provides an adiabatic pres- component is selectively adsorbed and in  sure
swing process for selective adsorption most instances the desired product
is the un-  of at least one component from a feed gas 30  adsorbed
effluent. By way of example, the  mixture.
80 Batta process is capable of yielding 99.9999%  It has been unexpectedly
discovered that hydrogen product gas with no detectable  the above objects
may be achieved in adia- quantities of the aforementioned impurities  batic
pressure swing processes of this in- using four adsorbent beds each packed
with  vention employing at least seven adsorbent 35  an activated carbon
first section and a crys-  beds, having at least three pressure equaliza-
85 talline calcium zeolite A second section.  tion stages, at least two
beds receiving feed The production rate of an adiabatic pres-  gas mixture
during the entire cycle, prefer- sure swing adsorption system  is of course
ably with a feed gas to purge gas pressure limited by the capacity of the
adsorbent beds  ratio (PR) of at least 7 and a non-adsorbed 40  for
processing and separating the feed gas  to feed gas molar ratio (S) such
that the pro-  90 mixture. The bed capacity is limited by the  duct of PR
times S is at least 6. The instant maximum  bed size which may be
controlled  process is especially advantageous when high by either the
physical strength of the indi-  product gas purity is required and when
vidual adsorbent particles or the permissible  the feed gas pressure is
high, and also when 45  shipping size of adsorbent-containing ves-  the
feed gas is hydrogen-rich and weakly ad-  95 sels. It will be recognized
that as-installed  sorbed impurities such as argon,  ntrogen or vessels are
usually  in the vertical position so  carbon monoxide must be selectively
ad- that the bed height is limited by the adsor-  sorbed. bent crushing
strength.                     This invention is in part based on the 50
One  solution to this problem is to pro-  recognition that the desorbate
profile in the  100    2                                         1,505,957
2 adsorbent bed receiving gas is undesirably  tration in the effluent
product decreases from reversed in position (from  the inlet to the  the
initial 73 ppm  to 39 ppm at the end  60 discharge end) during less than'
three stage  of the adsorption step, the product speci- pressure
equalization with the gas-discharg-  fication being 100 ppm. As cocurrent
depres- 



5   ing bed. Since the desorbate (usually an un-  surization starts, the CO
concentration in the desired impurity) in the case discharged dur-
effluent rises and  towards the end of this ing pressure equalization is
increasing, the  step it reaches 193 ppm. This means a receiving bed
initially receives a gas with   moderate breakthrough of the CO  adsorp-
relatively little desorbate (or relatively high  tion front through the bed
discharge end. 10   purity unadsorbed gas). The concentration of    If one
step  pressure equalization is prac- desorbate in this gas progressively
increases  ticed, the pressures in bed 1 (the cocur- as the  level of
pressure equalization increases.  rently depressurizing bed) and . bed 2
(the   70 This reversing of profile is not desirable be-  countercurrently
repressurizing bed) and the cause the higher desorbate concentration gas
carbon monoxide concentration in the gas 15  is closest to the product end
of the repres-  flowing from bed 1 to bed 2 are as follows: surized bed.
Accordingly, when this bed is returned to the adsorption step the higher
TABLE 2 desorbate concentration gas is immediately
CO in the gas    75 discharged as product and this concentration   Pressure
(Psia)    from bed 1 to bed 2 20   becomes limiting as to the product
purity. It    Bed .1   Bed 2        (ppm vol) has been unexpectedly
discovered that the     284        21               39 reversion of the
desorbate profile (from the   160       72               48 inlet to the
discharge end of the bed) is sub-  192      119             59         80
stantially reduced when at least three pres-   160       158           84
25 sure equalization stages are employed. This is illustrated by the
following example:     The second bed, being equalized by gas introduced it
its discharge end, initially re- EXAMPLE  1                  ceives a gas
with little CO  impurity (39 The feed gas comprises the following (in  ppm)
but towards the end of equalization  85 mo l% dry basis): hydogen 71.2%,
carbon  it receives gas with substantially more CO 30  dioxide 20.6%,
methane 5.8%  and carbon  impurity (84 ppm). This is undesirable be-
monoxide 2.4%. The feed gas is introduced  cause the second bed now has a
higher im- in an activated carbon adsorbent bed -at 284  purity content at
its discharge end than in psia and 98 degree F in 'the water-saturated
condi-  a section toward its inlet end (the impurity  90 tion. The
concentration of carbon monoxide  front or profile reversion phenomenon).
When 35  in  the  effluent  hydrogen  product  gas  this second bed is
switched to the adsorp- (99.99+ %) during the adsorption step and  tion
step the product purity will be initially the cocurrent depressurization
step is shown  lower. It was surprisingly found that when in Table 1.
this second bed is switched to the adsorp,   95 tion  step, 'the
breakthrough  of impurity TABLE 1                    occurs at the
beginning rather than at the 40                                   CO in
end of the adsorption step. Accordingly, to Product Flow     Pressure
Effluent    obtain a product of specified purity the bed (Moles)
(Psia)    (ppm vol)   must be designed with sufficient size to pre-  100
start          284          73      vent a sharp break-through of the
impurity 4A            284          57      front at the end of the
cocurrent depres- 45          7.8           284          49
surization step because this would cause 11.3           284         42
a break-through during the initial part of the 14.7           284
39       adsorption step of the other bed just repres-  105 18.1
284         39       surized with the impure gas. As previously mentioned,
the gas dis- End of adsorption step, cocurrent depres-    charged at the
product end of the bed during 50      surization starts: -
cocurrent depressurization may be' used for repressurizing other beds or
for purging  110 18.1           284         39       other beds or for both
purging and repres- 21.6           192          59      surization. For
example, in Batta U.S. Patent 22.4           160          84      No.
3,564,816, Fig. 2, the first portion of 24.0-          135         109
discharged gas from bed A is used to repres- 55       25.7             90
193       surize bed B (6-7 minutes), to  a higher     115 intermediate
pressure, the second portion of End of cocurrent depressurization, coun-
gas, discharged from  bed A (containing al tercurrent blowdown starts
ready more impurity) is used to purge bed C at the lowest pressure and
finally last por- tion of gas discharged at the-product end  120 According
to Table 1, the CO concen- of bed A having the lowest purity is used    3
1,505,957                                        3 to repressurize bed C to
a lower intermedi-  about 25%  more adsorbent than in case ate pressure.
This is not the most advan-  d (the Fig. 2 embodiment of this inven-
tageous way to use the gas discharged from   tion). Accordingly, the latter
permits at least bed A, because the repressurization of bed   5% less.
adsorbent than the prior art two step 



5   C starts with a very impure gas. Instead, the  pressure equalization
systems.          70 lowest purity gas, discharged towards the
Returning now to Example I, when three end of cocurrent depressurization is
used   pressure equalization  stages are provided most effectively for the
purging of another  according to this invention, each bed is re- bed at the
lowest pressure. This possibility  pressurized first with a gas containing
67- 10  is described in connection with Fig. 5 of the   84 ppm CO to the
third (and lowest) equaliz-  75 same Batta  patent,  U.S.  Patent  No.
ation pressure of about 60 psia. The parti- 3,564,816. The following
general principle  ally repressurized bed is repressurized sec- may
therefore be stated: When a gas is dis-  ondly with a gas containing 53-67
ppm charged from one bed with varying impurity   CO to the second
equalization pressure of 15  level and this gas is used to purge and re-
about 100 psia; and then further repres-  80 pressurize other beds, the
most impure gas  surized with a gas containing 37-53 ppm should be
introduced to the other beds at  CO to the highest equalization pressure of
the lowest pressure (for purging) and the   158 psia. In contrast to single
stage pressure purest discharged  gas introduced  at the  equalization, the
highest purity gas is intro- 20   highest intermediate pressure (for
repressuri-  duced to the repressurizing second bed dis-  85 zation).
charge end during the final part of the pres- In order to show  the effect
of profile  sure equalization and the lowest purity gas reversion, the.
following cases shall now be  is pushed deeper into the bed where the
compared based on the Fig. 17 graphs, all  impurity adsorption front passes
during the 25   using Example 1 feed gas. The bed being   adsorption step.
During the succeeding ad-  90 depressurized is the dash-dot curve and the
sorption step the initially discharged pro- *   bed being repressurized is
the, solid line   duct gas is high purity and the impurity curve, the upper
abscissa is the repressuriz-  adsorption front moves towards the dis- ing
bed and the lower abscissa is the depres-  charge end in the conventional
manner. 30  surizing bed.                                 There are several
methods for utilizing   95 Case a: one steps pressure equalization  this
advantage. For example, the adsorption process, Wagner U.S. Patent
3,430,418;  step may be extended for a longer period to Case b: two step
equalization process, one  achieve a more pronounced break-through of after
providing purge (Fig. 2 of the  the impurity  adsorption front while still
35       Batta patent);                        maintaining the same product
gas purity, 100 Case c: two equalization processes, both  thereby
increasing the production rate per equalizations  before  providing  purge
cycle. Alternatively, a smaller adsorbent bed (Fig. 5 of the Batta patent);
may be used for the same production rate. Case d: three equalizations, all
before pro-  Still another variation is to terminate the Q        viding
purge (Fig. 2 of this invention). . adsorption step at the same
concentration  105 For simplicity, 'the same cocurrent depres-  level of
the impurity adsorption front, but surization pressure of 90 psia, purge of
3.3  realize a higher product purity by avoidance moles, highest
equalization pressure flow of  of the aforedescribed position reversal of
the repressurized bed (158 psia) will be taken  impurity adsorption front.
45  in all four cases with an adsorbent bed size    In summary this
invention generally re-  110 of 21 cu. ft.                           ates
to an adiabatic pressure swing process Fig. 17 shows that the impurity
profile  for separation of gas mixtures by selectively reversion is most
detrimental in base b,  adsorbing at least one gas component in each
slightly serious in case a, improved in case  of multiple adsorbent beds by
the cycle of 50  c and substantially avoided in case d with  introducing
feed gas mixture to the bed inlet  115 three pressure equalizations
pursuant to this  end at first highest superatmospheric pres- invention.
The. impurity profile reversion may  sure and discharging unadsorbed
product be completely avoided by still more pressure  effluent from the bed
discharge end. Initial equalizations and purge steps. In such a case  void
space gas is released from  the bed 55  the mass transfer front would be.
pushed out  discharge end and introduced to the dis-  120 from the product
end of the adsorbent bed  charge end of another adsorbent bed. previ- and
the latter utilized most completely.   ously purged of the one component
and Cases a through d of Fig. 17 may also  initially at lowest pressure
until the two be compared from the standpoint of utiliza-  beds are
pressure equalized at higher inter- 60  tion of the. adsorbent beds. In
case c, each  mediate pressure. Gas is released from the  125 one of the
beds is isolated during a portion  bed inlet end for countercurrent
blowdown of the cycle and therefore doing no useful  to lowest pressure.
One-component depleted work. This has the consequence that about  gas from
another adsorbent bed is introduced 20% more adsorbent is needed for the
same  to the bed discharge end for desorption of 65  production rate than
in cases a or b, and  the one component and purging through the   130    4
4                                  1,505,957
4 bed inlet end. The purged bed is repressur-  cess with eight adsorbent
beds using three ized to the first highest superatmospheric  pressure
equalization stages. pressure and the cycle is thereafter repeated.    Fig.
9 is a cycle chart for the various More particularly, there are at least
seven  steps of an eight bed, three pressure equaliz- 



5   adsorbent beds and feed gas mixture is simul-  ation embodiment which
can be practiced  70 taneously introduced to the inlet ends of at  with the
Fig. 8  apparatus. least two adsorbent beds in overlapping iden-    Fig. 10
is  a valve time chart 'for the tical cycle sequentially from- the first to
the  Fig. 9 cycle showing the opened' valves of highest number bed with the
sequence there-  the Fig. 8 apparatus. 10   after continuously repeated
such that during    Fig. 11 is a schematic flowsheet of appa-  75 the
initial period of a bed adsorption step  ratus suitable for practicing the
inventive the immediately preceding lower numbered  process with eight
adsorbent beds using four bed is also on its adsorption step and dur-
pressure equalization stages. ing the last period the immediately follow-
Fig. 12 is a cycle chart for the various 15  ing higher numbered bed is
also on its ad-  steps of an eight bed, four pressure equaliz-  80 sorption
step.                          ation embodiment which can be practiced The
initial void space gas releasing-pres-  with the Fig. 11' apparatus. sure
equalization is performed in at least    Fig. 13 is a valve time chart for
the three separate phases comprising first pres-  Fig. 12 cycle showing the
opened valves 20   sure equalizing thee adsorbent bed having  of the Fig.
11 apparatus.                   85 completed its one component adsorption
step,    Fig. 14 is a schematic flowsheet of appara- with a different
previously purged and at  tus suitable for practicing the inventive pro-
least third higher numbered bed initially at  cess with seven adsorbent
beds. lower intermediate pressure so that the two   Fig. 15 is a Cycle
chart for the various 25   beds are finally at a first equalization  pres-
steps of a seven bed embodiment which   90 sure. The same adsorbent bed'how
at the  can be practiced with the Fig. 14 apparatus. first equalization
pressure is second pressure  Fig. 16 is a valve time chart for the
equalized with  a still different previously  Fig. 15 cycle showing the
opened  valves of purged and at least fourth higher numbered  the Fig. 14
apparatus. 30  bed initially at still lower intermediate pres-    Fig. 17
is a series of graphs showing the  95 sure  so that the two beds are
finally at a  relationship between impurity (CO) concen- second
equalization pressure. The adsorbent  tration as a function of pressure in
adsorbent bed initially at the last-mentioned pressure  beds being pressure
equalized and purged, is third pressure equalized with another pre-  and 35
viously purged and at least fifth higher num-    Fig. 18 is a graph showing
the relation-  1OO bered bed initially at lowest pressure so that  ship
between the pressure ratio (PR) and the two beds are finally at a third
equaliza-  the  molar ratio (S) for hydrogen-rich feed don pressure.
gas for this invention and prior art practice. The present invention will
now be further    The invention is useful for separation of 40  described
with reference to the accompany-  any gas mixture using adsorbent in which
105 ing drawings in which:-                     at least one component of
the gas mixture Fig. 1 is a schematic flowsheet of appara-  is selectively
adsorbed in the gas phase tus suitable for practicing the inventive pro-.
and thereafter desorbed in the gas phase at cess with ten adsorbent beds.
the concentration, temperature and pressure 45     Fig. 2 is a preferred
cycle chart for the  of the purge step. It is particularly useful 110
various steps of a ten bed embodiment which  for separation of gas mixtures
having hydro- can be practiced with the Fig. 1 apparatus.  gen as the
major component  with at  least - Fig. 3 is a valve time chart for the Fig.
one of the following as minor components to 2 cycle showing the opened
valves of the  be removed as undesired impurities:1 GO, 50  Fig. 1
apparatus.                           [err], light saturated and unsaturated
hydro-  115 Fig. 4  is a pair of pressure-time diagrams  carbons,
aromatics, light sulphur compounds, comparing the Fig. 2-3 embodiment with
argon, nitrogen and water. However, the in- a four bed system of Batta U.S.
Patent No.  vention may also be advantageous employed 3,564,816.
to reduce adsorbent inventory in air separa- 55    Fig. 5 is a schematic
flowsheet of appara-  tion or methane purification.   120 tus suitable for
practicing the inventive pro-    As previously stated, in a  preferred em-
cess with nine adsorbing beds.              bodiment, the absolute pressure
ratio (PR) Fig. 6 is a cycle chart for the various  of the first highest
super-atmospheric pres- steps of a nine bed embodiment which can  sure of
the adsorption step to the lowest 60  be practiced with the Fig. 5
apparatus.    pressure of the process (at which purging  125 Fig. 7 is a
valve time chart for the Fig.  is  performed) is at least 7, and the
product 6 cycle showing the opened valves of the  of this ratio times the
molar ratio (S) of Fig. 5 apparatus                           the
non-adsorbates in the bed at the end Fig. 8 is a schematic flowsheet of
appara-  of the adsorption step to the feed gas intro- 65  tus suitable for
practicing the inventive pro-  duced during such adsorption step is at
least 130    5                                         1,505,957
5 6. By way of explanation, at the end of  the  in parallel flow  relation
between the feed adsorption step in adiabatic pressure swing  gas manifold
having inlet valves 11-19, 10 processes, the adsorbent bed contains a cer-
respectively  and  the  unadsorbed  product tain  quantity of non-adsorbed
component,  effluent manifold  having  product valves 



5   mainly in the void space between adsorbent  21-29, 20 respectively. The
third (lowest)  70 particles, e.g., hydrogen. This quantity, ex-  stage
pressure equalization manifold is loc- pressed in moles, divided by the
moles of  ated between the adsorbent bed discharge feed gas introduced to
the bed during the   ends and the product valves 21-29, 20 adsorption step
in the aforementioned molar  for beds 1-10 respectively, and is provided 10
ratio S. In most commercial practice the   with third stage equalization
and purge valves  75 molar ratio S is between 0.35 and 0.85.    31-39, 30
respectively. The waste gas mani- The non-absorbed gas released from  the
fold is located between the adsorbent bed bed discharge end following the
adsorption  inlet ends and the inlet valves 11-19, 10 step may be used for
pressure equalization  for beds 1-10 respectively, and is provided 15
and/or purging of other beds. Then during   with waste valves 41-49, 40
respectively.  80 the ensuing countercurrent blowdown step,  The first
(highest) stage pressure equaliza- a further quantity of gas (including
both  tion-repressurization manifold is located be- non-adsorbed and
desorbate) is released at  tween the unadsorbed product effluent mani- the
bed inlet end and a still further quan-  fold and the third stage pressure
equaliza- 20  tity of both non-adsorbate and adsorbate gas  tion-purge
manifold, and is provided with  85 remain in the relatively high if the
adsorp-  first stage equalization valves 51-59, 50 tion to purge pressure
ratio PR is relatively  for beds 1-10 respectively. Gas flow regu- low.
Thus, when PR  is relatively low  a  lator 80 is provided in the conduit
joining smaller portion of the non-adsorbates are  the first stage pressure
equalization-repres- 25  available for purging and pressure equalizing
surization manifold and the product mani-  go . other beds.
fold. Another important relationship is that rela-    A common manifold for
the second (inter- tively low pressure ratio PR requires use   mediate)
stage manifold is not used but in- of a relatively large part of the
released   stead individual conduits are provided to 30  non-adsorbed gas
for purging other beds  join the discharge ends of adsorbent beds.  95 and
under these circumstances a relatively   More particularly, a manifold
joins beds 2 small part of this gas is available for repres-  and 7 with
valve 61 therein, a manifold surization of and pressure equalization with
join beds 4 and 9 with valve 62 therein, a other beds. If very little gas
is available   manifold joins beds 3 and 6 with valve 63 35  for pressure
equalization, conducting  the  therein, a manifold joins beds 5 and 8  100
latter in at least three steps (pursuant to   with valve 64 therein, and a
manifold joins this invention) does not increase recovery of  beds 5 and 10
with valve 65 therein. unadsorbed product gas.                      For
ease in identifying the correspondence These relationships are graphically
illus-  between beds 1-10 and valves 11-59, the 40  trated in Fig. 18,
based on adiabatic pres-  valves have usually been assigned identifica-
105 sure swing processes for hydrogen purifica-  tion numbers having a
final digit which is tion with zeolitic molecular sieve-activated  the same
as the number of the absorbent bed carbon absorbent. The ordinate is the
afore-  which is directly controlled by the valves. mentioned  pressure
ratio  (PR) and  the  By way of example, the valves directly con- 45
abscissa is molar ratio S, i.e., hydrogen in  trolling the operation of bed
3 are nos. 13,  110 bed at end of the adsorption step/total feed  23, 33,
43 and 53. The only exception to this gas mixture entering during the
adsorption   correspondence are the valves directly con- step. The straight
line identifies the mini-  trolling the operation of bed 10 which are mum
PR and S values required to practice  nos. 10, 20, 30, 40 and 50. 50  the
preferred embodiment of this invention   Fig. 2 is a preferred cycle and
time pro-  115 with PR of at least 7 and the product of  gram for use with
the Fig. 1 apparatus based PR times S of at least 6. By way or illus-  on a
total cycle time of about 13 minutes, tration, if the PR is 11 then S
should be at  20 seconds per the bottom  abscissa. The least (6/11)=0.55.
sequential steps of this cycle and their desig- 55    It should be
understood that when pres-  nations on the chart are as follows: adsorp-
120 sure equalization is practiced between two  tion (A), first stage
pressure equalization- adsorbent beds, there will be a slight pres-
depressurization (EID), second stage pressure sure difference between the
depressurizing  equalization-depressurization  (E2D),   third and
repressurizing beds due to pressure drop  stage pressure equalization -
depressurization 60  in conduits and valves. Accordingly, the de-  (E3D),
cocurrent depressurization providing  125 pressurizing bed will normally be
at slightly  purge gas (PP), countercurrent blowdown higher pressure than
the repressurizing bed  (BD), purge (P), third stage pressure equaliz- when
the step is completed.                ation-repressurization  (E3R), second
stage Referring now  to the drawings, Fig. 1  pressure
equalization-repressurization (B2R), 65  shows ten adsorbent beds 1-10
connected  first stage pressure equalization-repressuriza-  130    6
1,505,957                                       6 tion (EIR), and final
repressurization to the  each containing 1220 cubic ft. activated car- feed
gas pressure by product gas introduc-  bon in a first zone or layer at the
feed   65 tion at the product discharge end (FR).    inlet end and 380'
cubic ft. calcium zeo- It should be noted that at any point in  lite A
molecular sieve in a second zone down- 



5   the cycle, three adsorbent beds are receiv-  stream  the activated
carbon zone and ex- ing feed gas mixture and delivering unad-  tending to
the product discharge end.  The sorbed product. effluent gas at the feed
pres-  feed gas is introduced at 305 psia and 70 degree F sure. By way of.
example, after 4 time units,  and flow rate of 60,330,000 cubic ft/day.
each of the adsorbers 1, 2 and 3 is process-  Product gas comprising at
least 99.999% 10   ing feed gas.                         hydrogen  is
discharged  at flow  rate of Fig. 3 lists the open valves during each
40,000,000-cubic ft./day (both measured at of twenty time units in which
the Fig. 2   1: atm pressure and 60 degree F). On this basis,  75 cycle may
be divided per the top abscissa.  about- 86% of the hydrogen in the feed
gas By way of illustration, during the 1st time   is recovered as product
gas. 15   unit feed gas is flowing through inlet valves    The total cycle
time is 13 minutes, 20 10, 11 and 19 for selective adsorption of  seconds
with the pressure-time relationship at least one component in each of
adsorbent  for the various steps illustrated in Fig 4b.  80 beds 10, 1 and
9 respectively. Product gas  More particularly, the steps, duration and
ter- is discharged therefrom at first highest super-   inal pressure in
each bed as- it passes 20   atmospheric pressure into the product mani-
through the cycle are asfollows:- fold through product valves 20, 21 and 29
respectively. Purge gas is entering the bed  4
Terminal discharge end through purge valve 34 and is
Durton   Pressure   85 being supplied thereto through the purge       Step
(Seconds)   (Psia.) 25   gas manifold by cocurrent depressurization
305 gas released from the discharge end of bed    Adsorption(A)      240
305 6 through valve 36. At the. same time coun-   1st equal.- tercurrent
blowdown gas -is released from    depres   (E1D)       40       255 the bed
5 inletendthrough waste value 45         dequa-40                      62
30   and released to the environment through the    ders.(E2D)         40
162 waste gas manifold. Bed 2 is being repres-    3rd equal.- surized to
its (highest intermediate) first stage depres (E3D)        40       83
equalization pressure by introduction of gas    cocur.depres.
95 through valve 52. to its discharge end. The    (PP     .
120     41 35   gas for the  latter is supplied by bed. 8
counter.-blowdn. which is being first stage pressure equalized       (BD)
40     15 by -release of gas from  its discharge end    purge (F)   120
15 through valve 58 to the first stage pressure  3rd equal equalization -
repressurization manifold. Bed  repres. (E3R)     40         83 40   3 is
being repressurized to its third stage     2nd  equal-
162. equalization pressure by introduction of gaS   repres. (E2R)       40
through valve 33 to its discharge end...The    1st equal.- gas for the
latter being supplied by bed 7   depres (E1D)    40        255        105
which is being third pressure equalized by    final rep. w/ 45  release of
gas from its discharge end through   prod. gas (FR)    40          305
valve 37. It should be noted that during the 1st    The pressure ratio (PR)
is 305/15=20.3, time unit, none of the adsorbent beds are  the molar ratio
(S) is 0.7 so that the pro-- being second stage pressure equalized so  duct
PR times S is 9.5. It will be noted that 50  none of the valve group 61-65
are open.  in the above example, all steps with the ex-  110 However,
during the 2nd time unit beds. 3  ception of adsorption, cocurrent
depressuriz- and 8 are second stage pressure equalized  ation and purge are
of equal duration, but with bed 3 receiving gas from bed 8 through  this is
not essential. For example, process valve 64.
steps E1D, E3D, BD, E3R, and E1R could 55     A ten bed embodiment of the
invention  have a duration of 30 seconds, E2D  and 115 as illustrated in
Figs. 1-3  will be more  FR 50 seconds, PP and P 130 seconds, and fully
understood by the following examples:  adsorption (A) 240 seconds. EXAMPLE
2                                   EXAMPLE 3   .. The feed gas comprises
the following in    The feed gas comprises the following in 60  mol %/.
(dry basis): hydrogen 77.1%, carbon  mol %  (dry basis): hydrogen 75%/,
nitro-  20 dioxide 22.5%,, carbon monoxide 0.35% and  gen 25%, and less
than 500 ppm. ammonia. methane 0.013%. The feed gas is introduced  The feed
gas (dry) is introduced to a system to a system comprising ten adsorbent
beds  comprising ten. adsorbent beds each contain-    7
1,505,957 ing 1800 cu. ft calcium  zeolite A at 305   The PR  is again
20.3, S is 0.58 so that psia. and 40 degree F at flow rate of 62,750,000
cu.  the product PR times S is 11.8. ft./day and product gas comprising at
least                              . 99.999% hydrogen is discharged at flow
rate                 EXAMPLE 4 5   of 40,000,000 cu. ft./day On this basis,
about    In this example, the aforedescribed Ex-    15 85%  of the hydrogen
in the feed gas is re-  amples 2 and 3 are compared with the two 



as product gas. The total cycle is  step pressure equalization system  of
Batta 13 minutes, 20 seconds with terminal pres-  U.S. Patent No. 3,564,816
with  four adsor- sures of the various steps as follows in psia.:  bent
beds of the same material, to produce 10   E1D  and E1R=253  E2D  and
E2R=159,  40,000,000 cu. ft./day of 99.999%  hydrogen   20 E3D and E3R=81,
PP =43, BD and P=15.  gas from  the same feed gas mixtures: For Example 2:-
This                            Percent 25     Percent [err] in feed
recovered   Invention       Prior Art     Improvement as product
86                81            6.2 Quantity of Feed gas
60,330,000       64,050,000         6.2 Total Adsorbent Quantity, cu. ft.
16,000           18,180       12.0 30         For Example 3:- This
Percent Invention       Prior Art      Improvement Percent [err] in feed
recovered as product                     85              79.7
6.6 35           Quantity of Feed Gas          62,750,000          66920000
6.6 Total  dsorbent Quantity, cu.ft.                          18,000
20,010        10.0 Example 4 demonstrates important advan-    The nine bed
embodiment of Figs. 5-7 tages over a prior art two-step pressure equa-  is
quite similar to the previously described 40  lization system of the Batta
type and based  ten bed embodiment of Figs. 1-3, but dif-   75 on three
sets of four bed systems operating  fers in certain minor particulars: One
less in parallel flow relation, i.e., without inter-  adsorbent vessel is
employed (an advantage) connecting piping. For high production rates  but
it requires a shorter purge time which of the order of magnitude to which
this  might be a disadvantage when the selectively 45  invention is
especially suited, the adsorbent  adsorbed components are difficult to
remove   80 and the enclosing vessels with structural sup-  or are present
in relatively large quantities, ports are the major equipment and corm-  or
both. By way of comparison, the Figs. 2 prise 70-80%   of the total
investment cost.  ten bed purge time is about 120 seconds Accordingly, this
invention offers substantial    whereas the nine bed Fig. 6 nine bed purge
equipment savings, i.e., two fewer vessels  time is about 80 seconds.
85 and associated piping, valves and supports.    In a preferred embodiment
of the inven- The Fig. 4 comparison shows that the  tion exemplified by the
Fig. 2 and 6 cycle total regeneration time, i.e., that required   charts,
at least nine adsorbent beds are pro- to purge and repressute for
reintroduction   vided in overlapping identical cycles such 55     of eed
gas, may be substantially reduced   that during the initial period of a bed
adsorp-  90 by the practice of this invention. This of  tion step the two
immediately preceding lower course means that the adsorbent is used more
numbered beds are also on their adsorption effectively. For example, Fig. 4
shows that  steps. During the middle period of a bed on the same adsorption
step time, the total  adsorption step the immediately preceding 60  cycle
time of the  ten bed embodiment is  lower numbered and immediately
following   95 16.5  shorter than a comparable four bed   higher numbered
beds are also on their ad- system employing two step pressure equaliz-
SOrption' steps. During the last period  of a ation (Fig. 4a).
bed adsorption  step the two immediately Shorter cycle time reduces the
required   following higher numbered beds are also on 65     quantity of
adsorbent. Less adsorbent  s   their adsorption steps. By way of
illustration  100 o required to produce the same quantity  and referring to
Fig. 2, the adsorption step of product because of higher product re-  of
bed. 1 comprises six time units so that overy efficiency, hence lower
adsorption of  units represent the initial period, units 3 impurities.
Accordingly, the adsorbent re-  and 4 are the middle period, and units 5
and 70  quirements are very substantially reduced,  6 are the last period
of the adsorption step. 105 i.e., 12.0%  and 10.0%  for the Example 2
During the initial period, beds 9 and  10 and 3 feed gases respectively.
(the two beds immediately preceding bed 1)    8
1,505,957                                        8 are also on their
adsorption steps, during   (E2R). The third phase of the bed 1 initial. the
middle period beds 10 (immediately. pre- void space gas releasing  (E3D)
occurs during      70 ceding) and 2 (immediately following) are on   time
unit 9 and is performed with bed 7, their adsorption  steps and  during the
last  the sixth higher  numbered  adsorption bed, 5 period  beds 2 and 3
(the two .immediately   during . its lowest repressurization  of pres-  70
following  numbered beds) are also on their  sure equalization phase (E3R).
The final co- adsorption steps.                              current
depressurization (PP) of bed 1 occurs In another preferred embodiment of
the   during time unit 10, 11  and  12, and the so- invention also
exemplified by the Fig  2 and   released gas is used for purging bed 9, the
10   6 cycle charts, the initial void  space gas  eighth higher numbered
adsorption bed, dur-   75 



releasing-pressure equalization is performed ing its entire purge phase
(P). in three separate phases comprising first pres-   It should be
understood that in the afore- sure  equalizing  an  adsorbent bed  having
defined relationship when the so-calculated completed its adsorption step
with the fourth higher bed number exceeds the actual num- 15   higher
numbered adsorbent bed initially at  ber of adsorbent beds in a particular
system,  80 a second equalization pressure so that the  the actual number
must be subtracted from two beds are finally at a first equalization   the
calculated number to identify the desig- pressure. The same adsorbent bed
having   nated "higher number adsorbent bed ". By been depressurized to the
first equalization   way of example, consider the third pressure 20
pressure is now second pressure equalized  equalization of bed 6 which is
with the sixth  85 with the fifth higher -numbered adsorbent bed higher
numbered adsorbent bed during time initially at the third equalization
pressure so   unit  19. Since in the Figs. 1-3 embodi- that the two beds
are finally at -said secon4   ment there are ten adsorbent beds, the desig-
equalization pressure. he same adsorbent  nated bed for E3R is 12-10 or bed
2. 25   bed having been depressurised to the second     In the  eight bed
embodiment of Figs. 8-   90 equalization pressure is now  third pressure
10, two rather than three adsorbent beds are equalized with the sixth
higher numbered ad-  receiving feed gas mixture at any given time. sorbent
bed initially at the lowest pressure   By way of example, during the
initial period of the process so that these two  beds are  time units  1
and 2 of bed 1, bed 8(the 30   finally at the third equalization pressure.
The  immediately preceding lower numbered bed) 95 same adsorbent bed having
been depressur-  is on its adsorption step.  Then during the ized to the
third eqyalization pressure is now   last period time units 3 and 4 of bed
1, further depressurized cocurrently  and  the   bed  2 (the immediately
following  higher released gas is at least in part used  to purge
numbered  bed) is on its adsorption step 35   the eighth higher numbered
adsorbent bed   Since in this  embodiment the ratio   of "on  100 at the
lowest pressure. "It will be noted in  stream " adsorbent to total
adsorbent is lower this respect that in the Fig. 1-2 ten bed  than the
previously described embodiments, embodiment, this gas is first   used  to
purge   the adsorbent utilization for the former is both the seventh and
the eighth higher num-  lower but still superior to  prior  art  systems.
40   bered beds, - then only the eighth bed, and   Another distinction  of
the Figs  8-10  105 finally both the eighth and ninth higher num-  eight
bed embodiment is that even though bered beds. In the Fig.  5-6 nine bed
em-  three   pressure  equalizations  are practiced, bodiment the released
gas is first used to  they are not consecutive. Considering again purge
only the seventh higher numbered bed  Fig. 9 and bed 1, its first pressure
equaliz- 45  and then purge only the eighth higher num-   ation E1D is with
bed 4 (the third higher  110 bered bed. After the aforedescribed further
numbered  bed) followed  immediately  by cocurrent depressurization step
the same ad-   second pressure equalization E2D with bed 5 sorbent bed is
countercurrently blown down  (the fourth higher numbered bed). However, to
the lowest pressure -and thereafter purged.  the latter step is followed by
cocurrent de- 50    Using Fig. 2 to illustrate the aforedes-
pressurization PP wherein the released gas  115 cribed relationships
between the bed experi-  from bed 1 is introduced at the discharge encing
the initial void space gas releasing    end of bed 7 (the sixth higher
numbered step and other beds being pressure equalized bed) for purging
thereof at the lowest pres- (by repressurization)  therewith,  the first
sure. The third pressure equalization H3D 55  phase of the bed initial void
space gas    follows PP and is also performed with the    120 releasing
(E1D) occurs during time unit 7    now purged bed 7. and is performed with
bed 5, the fourth     Valves 61 and 62 in the purge manifolds higher
numbered adsorption bed, during its   of Fig 8 are not essential and their
func- higher repressurization by pressure equaliz-    tion of controlling
flow rates for the second 60   ation phase (E1R). The second phase of the
and third pressure equalizations may be per-   125 bed 1 initial void space
gas releasing (E2D)   formed by controlled opening of valves 31- occurs
during time unit 8 and is performed     38. with bed 6, the fifth higher
numbered ad-     The eight bed embodiment of Figs. 11- sorption bed, during
its intermediate repres-    13 differs from  the previously described em-
65  surization  by  pressure  equalization phase   bodiments by the use of
four pressure equa-    9                                         1,505,957
9 lization steps hence higher recovery of pro-  duced to the fifth higher
number adsorption duct gas but with more complex piping and   bed for
purging thereof, and the gas released more valves as shown in Fig.  11. In
par-  from a bed discharge end during its E3D ticular, valves 71-78  are
needed at the  would be in part introduced to the sixth 5   inlet ends of
beds 1-8 respectively to accom-  higher number adsorption bed for purging
70 modate the additional flows of feed gas for  thereof. the final
repressurization (FR) of each bed having been repressurized to the first
equa-    WHAT WE CLAIM  IS: - lization level (E1R). By way of example,
1. An adiabatic pressure swing process for 



10   bed 2 is finally repressurized during time   separation of gas
mixtures by selectively ad- unit 2 by opening valve 72 thereby flowing
sorbing at least one gas component in each   75 feed gas through valve 81
to the bed inlet  of multiple adsorbent beds by the cycle of end. In the
previously illustrated embodi-  introducing feed gas mixture to the bed
ments final repressurization was achieved by  inlet end at first highest
superatmospheric 15   product gas introduced at the bed discharge
pressure, discharging  unadsorbed  product end.
effluent from the bed discharge end, releas-  80 Fig. 12 shows that during
the first pres-  ing initial void space gas from  the bed sure equalization
E1D each bed transfers gas  discharge end and introducing the so-released
to the third higher numbered bed (E1R),  initial gas to the discharge end
of another 20   during the second pressure equalization E2D   adsorbent bed
previously purged of said each bed transfers gas to the fourth higher  one
component and initially at lower pres-  85 numbered bed (E2R), during the
third pres-  sure until the two beds are pressure equalized sure
equalization E3D each bed transfers gas  at higher intermediate pressure,
releasing gas to the fifth higher numbered bed (E3R), and  from  the bed
inlet end for counter-current 25   during the fourth pressure equalization
(E4D)  blowdown to lowest pressure, introducing *             each bed
transfers gas to the sixth higher  one-component depleted gas from another
ad-  90 numbered bed (E4R) In this embodiment the  sorbent bed to the bed
discharge end for four pressure equalizations are consecutive  desorption
of said one component and purg- and precede the cocurrent depressurization
ing through the bed inlet end, repressuriz- 30   PP. Four pressure
equalizations are advan-  ing the purged bed to said first highest super-
tageous when the pressure ratio of feed gas  atmospheric pressure and
thereafter repeat-  95 to purge gas is relatively high, ie., at least  ing
the cycle, which comprises providing 10.
at least seven adsorbent beds; simultane- The seven bed embodiment of Figs.
14-   ously introducing feed gas mixture to the 35   16 illustrates several
additional modifications  inlet ends of at least two adsorbent beds in of
the invention. Instead of using cocurrent  overlapping identical cycles
sequentially from   100 depressurization gas for purging, this PP step  the
first to the highest numbered bed and is eliminated and product gas is
instead used.  thereafter continuously repeating the sequence An advantage
is that bed sizes may be  such that during the initial period of a 40
reduced since the impurity adsorption front  bed adsorption step the
immediately pre- advance associated with  cocurrent depres-  ceding lower
numbered bed is also on its  105 surization is eliminated. However, the
per-  adsorption step and during the last period cent recovery of product
is lower, not only  the immediately following higher numbered because of
that used for purging but also  bed is also on its adsorption step; and
per- 45  because  the  countercurrent blowdown  is  forming the initial
void space gas releasing- started at a relatively higher pressure.
pressure equalization in at least three separ-  110 Although not
illustrated, the gas released  ate phases comprising first pressure
equaliz- from  the discharge end during the pres-  ing the adsorbent bed
having completed its sure equalization steps may be used in part  one
component adsorption step, with a dif- 50  for purging. By way of example,
in the  ferent previously purged and at least third Fig. 14-16 embodiment
this variation may  higher numbered bed initially at lower inter-  115 be
practiced to provide the needed purge gas  mediate pressure so that the two
beds are without reintroducing the cocurrent depres-  finally at a first
equalization pressure; second surization step. The only needed valving-
pressure equalizing the one component-con- 55  piping change in Fig. 14 is
to move regulator  taining adsorbent bed initially at said first 83 to join
the pressure equalization manifold  equalization pressure with a still
different  120 for valves 61-67 rather than the product  previously purged
and at least fourth higher manifold for valves 21-27. In Fig. 15,  numbered
bed initially at still lower inter- the time units for each second and
third  mediate pressure so that the two beds are 60  pressure equalization
E2D and E3D would  finally at a second equalization pressure and also
include cocurrent depressurization for  third pressure equalizing the one
component-  125 purge gas PP and no changes would be  containing adsorbent
bed initially at said needed in valve time chart Fig. 16. In generic
second equalization pressure with another terms, the gas released from a
bed discharge  previously purged and at least fifth  higher 65  end during
its E2D would be in part intro-  numbered bed initially at lowest pressure
so    9                                         1,505,957
9 lization steps hence higher recovery of pro-  duced to the fifth higher
number adsorption duct gas but with more complex piping and   bed for
purging thereof, and the gas released more valves as shown in Fig.  1. In
par-  from a bed discharge end during its E3D ticular, valves 71-78  are
needed at the  would be in part introduced to the sixth 5   inlet ends of
beds 1-8 respectively to accom-  higher number adsorption bed for purging
70 modate the additional flows of feed gas for  thereof. the final
repressurization (FR) of each bed having been repressurized to the first
equa-    WHAT WE CLAIM  IS:- lization level (B1R). By way of example,
1.- An adiabatic pressure swing process for 



10   bed 2 is finally repressurized during time  separation of gas mixtures
by selectively ad- unit 2 by opening valve 72 thereby flowing  sorbing at
least one gas component in each   75 feed gas through valve 81 to the bed
inlet  of multiple adsorbent beds by the cycle of end. In the previously
illustrated embodi-  introducing feed gas mixture -to the bed ments final
repressurization was achieved by  inlet end at first highest
superatmospheric 15   product gas introduced at the bed discharge
pressure, discharging  unadsorbed  product end.
effluent from the bed discharge end, releas-  80 Fig. 12 shows that during
the first pres-  ing initial void space gas from  the bed sure equalization
E1D each bed transfers gas  discharge end and introducing the so-released
to the third higher numbered bed '(E1R,  initial gas to the discharge end
of another 20   during the second pressure equalization E2D   adsorbent bed
previously purged of said each bed transfers gas to the fourth higher  one
component and initially at lower pres-  85 numbered bed (E2R), during the
third pres-  sure until the two beds are pressure equalized sure
equalization E3D each bed transfers gas  at higher intermediate pressure,
releasing gas to the fifth higher numbered bed (E3R), and  from the bed
inlet end for counter-current 25   during the fourth pressure equalization
(E4D)  blowdown to lowest pressure, introducing each bed transfers gas to
the sixth higher  one-component depleted gas from another ad-  90 -numbered
bed (B4R) In this embodiment the  sorbent bed to the bed discharge -end for
four pressure equalizations are consecutive  desorption of said one
component and purg- and precede the cocurrent depressurization  ing through
the bed inlet end, repressuriz- 30   PP. Four pressure equalizations are
advan-  ing the purged bed to said first highest super- tageous when the
pressure ratio of feed gas  atmospheric pressure and thereafter repeat-  95
to purge gas is relatively high, i.e., at least  ing the cycle, which
comprises providing -10.                                      at least
seven adsorbent  beds; simultane- The seven bed embodiment of Figs. 1
ously introducing feed gas mixture to the 35   16 illustrates several
additional modifications  inlet ends of at least two adsorbent beds in of
the invention. Instead of using cocurrent  overlapping identical cycles
sequentially from   100 depressurization gas for purging, this PP step  the
first to the highest numbered bed and is eliminated and product gas is
instead used.  thereafter continuously repeating the sequence An advantage
is 'that bed sizes may be  such that during the initial period of a 40
reduced since the impurity adsorption front  bed adsorption step the
immediately pre- advance associated with cocurrent depres-  ceding lower
numbered bed is also on its  105 surization is eliminated. However, the
per-  adsorption step and during the last period cent recovery of product
is lower, not only  the immediately following higher numbered because of
that used for purging but also  bed is also on its adsorption step; and
per- 45  because the  countercurrent blowdown  is  forming the initial void
space gas releasing- started at a relatively higher pressure.   pressure
equalization in at least three separ-  110 Although not illustrated, the
gas released  ate phases comprising first -pressure equaliz- from  the
discharge end during the pres-  ing the adsorbent bed having completed its
sure equalization steps may be used in part  one component adsorption step,
with a dif- 50  for purging. By way of example, in the  ferent previously
purged and at least third Fig. 14-16 embodiment this variation may  higher
numbered bed initially at lower inter-  115 be practiced to provide the
needed purge gas  mediate pressure so that the two beds are without
reintroducing the cocurrent depres-  finally at a first equalization
pressure; second surization step. -The only needed valving-  pressure
equalizing the one component-con- 55  piping change in Fig. 14 is to move
regulator taining adsorbent bed initially at said first 83 to join the
pressure equalization manifold  equalization pressure with a still
different  120 for valves 61-67 rather than the product  previously purged
and at least fourth higher manifold for valves- 21-27. In Fig. '15,
numbered bed initially at still lower inter- the time units for each second
and third  mediate pressure so that the two beds are 60  pressure
equalization E2D and 33D would  finally at a second equalization pressure
and also include cocurrent depressurization for  third pressure equalizing
the one component-  125 purge gas PP and no changes would be  containing
adsorbent bed. initially at said needed in valve time chart Fig. 16. In
generic  second equalization pressure with another terms, the gas released
from a bed discharge  previously purged and at least fifth  higher 65  end
during its E2D would be in part' intro-  numbered bed initially at lowest
pressure so    10             1,505,957
10 that the two beds are finally at a third   ously repeating the sequence:
such that dur- equalization pressure.                      ing the initial
period of a bed adsorption 2. A process as claimed in Claim 1 where-  step
the two immediately preceding lower   65 in the absolute pressure ratio
(PR) of the   numbered beds are also on their adsorption 5   first ighest
superatmospheric pressure of the   steps, during the middle period of a bed
- adsorption step to the lowest pressure of the   adsorption step and
immediately. preceding process is at least 7, and the product of PR   lower
numbered and immediately following times the molar ratio (S) of the
non-adsorb-  higher numbered beds are also on their ad-  70 ates in the bed
at the end of the adsorption   sorption steps, and during the last period
of 



10  step to the total feed gas introduced during   a bed adsorption step
the two immediately such adsorption step .is: at least 6.       following
higher numbered  beds are also 3. A process as claimed 'in Claim 1 or 2
on their adsorption steps; performing the wherein at last nine adsorbent
beds are  initial void  space, gas releasing  pressure  75 provided in
overlapping identical cycles such  equalization in three separate phases
com- 15  that during the initial period of a bed ad-  prising first
pressure equalizing an absor- sorption step the two. immediately preceding
bent bed having completed its one compon- lower numbered beds are also on
their ad-  ent adsorption step with the fourth higher sorption steps,
during the middle period of  numbered adsorbent bed initially at a second
80 a bed adsorption step the immediately pre-  equalization pressure so
that the two beds 20   ceding power numbered and immediately fol-  are
finally at a first equalization pressure, lowing higher numbered  beds are
also on   second pressure equalizing  said adsorbent their adsorption
steps, and during the last  bed with the fifth higher numbered adsorb-
period of a. bed adsorption. step the two  ent bed initally at a third
equalization pres-  85 immediately following higher-numbered beds  sure so
that the two beds are.finally at said 25  are also on their adsorption
steps.         second equalization pressure, and third pres- 4. A process
as claimed in Claim  1, 2  sure equalizing said adsorbent bed with the or 3
wherein said separate phases of initial  sixth higher numbered adsorbent
bed initially void space gas releasing from .a bed previ-  at said lowest
pressure so that the two beds  90 - ously on its adsorption step, are
consecutive.  are finally at said third .equalization pres- 30     5. An
adiabatic pressure swing process. for  sure; further void space gas from
said ab- separation hydrogen-rich mixtures by selec-  sorbent bed initially
at said third equalization tively adsorbing at least one component other
pressure and- introducing at least part of than hydrogen in each of
multiple adsorbent  said: gas to the discharge end of the eighth  95 beds
by the cycle  of introducing feed. gas  higher numbered adsorbent for
desorption 35   mixture to the bed inlet end at first highest  of said one
component and purging at said superatmospheric pressure, discharging un-
lowest pressure; and thereafter conducting adsorbed hydrogen  product
effluent from   said countercurrent blowdown and purging the bed discharge
end, releasing initial void  steps in said adsorbent bed; said steps being
.100 space gas from  the bed discharge end and  performed such that the
absolute pressure 40   introducing the so-released initial gas to the
ratio (PR)  -of the first highest superatmo- discharge end of another
adsorbent bed pre-  spheric pressure' of the  adsorption step to viously
purged of said one component and  said lowest pressure of the process is at
initially at lower pressure until  the two  least 7, and the product of PR
times: the  105 beds are pressure equalized at higher inter-  molar ratio
(S) of the non-adsorbates in the 45   mediate pressure, releasing further
void space  adsorbent bed at the end of the adsorption gas from the bed
discharge end for cocur-  step to the total feed gas introduced during rent
depressurization thereof to lower  inter-  the adsorption step is  at least
6. mediate pressure, releasing. gas from  the bed  6. A process as claimed
in: Claim  1 and  110 inlet end for countercurrent blowdown to
substantially as hereinbefore described with 50  lowest pressure,
introducing one-component  reference to any one of Examples 1 to depleted
gas from another adsorbent bed to  4. the bed discharge end for desorption
of said    7. A process as claimed in Claim  1 and onecomponent and purging
through the bed  substantially - as hereinbefore described with  115 inlet
end, repressurizing the purgedbed 'to  reference to and as illustrated in
the accom- 55   said first highest superatmospheric pressure  panying
drawings. and thereafter repeating the cycle: which comprises providing at
least nine adsorbent      W.' P. THOMPSON  &  CO., -     beds;
simultaneously introducing hydrogen-       Coopers Buildings, rich feed gas
mixture to the inlt .ends of   Church Street, 60   three adsorbent beds in
overlapping identical          Liverpool, L1 3AB, cycles sequenitally from
the  first to the         Chartered Patent Agents. highest numbered bed and
thereafter continu- Printed for Her Majesty's Stationery Office, by the
Courier Press, Leamington Spa, 1978 Published by The Patent Office 25
Southampton Buildings, London, WC2A 1AY, from which copies may be obtained.


