
TITLE OF THE INVENTION: Improved Control Scheme For
Hybrid PSA/TSA Systems BACKGROUND OF THE INVENTION
[0001] The present invention is directed to an
adsorption process for removing water  and carbon
dioxide (CO2) from a feed gas that uses a hybrid of
both temperature swing  (i.e. TSA) and pressure swing
(PSA) to regenerate the adsorbent. More specifically,
the  5 present invention is directed to a process
wherein: (a) the process employs an adsorption vessel
having a feed port for  introducing the feed gas and a
product port for withdrawing product gas; (b) located
adjacent to feed port is a water removal zone
containing a water  selective adsorbent (especially
activated alumina or silica gel) for adsorbing the
water  10 from the feed gas; (c) located between the
water removal zone and the product port is a CO2
removal zone containing a CO2 selective adsorbent
(especially molecular sieve) for  adsorbing the CO2
from the feed gas; (d) the process cycles between an
adsorption sequence and a regeneration  15 sequence;
(e) during the adsorption sequence: (i) feed gas is
passed through the vessel beginning at the feed port;
(ii) at least a portion of the water selective
adsorbent becomes  saturated with water; 20 (iii) at
least a portion of the CO2 selective adsorbent becomes
saturated with CO2; and (iv) product gas is withdrawn
from the product port;  (f) during the regeneration
sequence: (i) the vessel is depressurized to a lower
pressure; -1 (ii) beginning at the product port, a
heating regeneration gas is  



passed through the vessel that provides a quantity of
regeneration heat to desorb (i.e. by  temperature
swing) substantially all of the CO2 adsorbed during
the adsorption sequence  and a portion (but not the
entire portion) of the water adsorbed during the
adsorption 5 sequence; and (iii) beginning at the
product port, a cooling regeneration gas is passed
through the vessel to desorb (i.e. by pressure swing)
most or substantially all of the  remaining water
adsorbed during the adsorption sequence; and (iv) the
vessel is pressurized with feed gas to prepare the
vessel for its  10 next adsorption sequence. [0002]
The above "hybrid" TSA/PSA process (hereafter the
hybrid process) is taught.  See in particular USP
6,599,347 by Kalbassi at al. (hereafter "Kalbassi")
which teaches  the hybrid process in the context of a
vertical adsorption vessel where the feed port is
located at the bottom of the vessel and the feed gas
flows upwardly before reaching the  15 product port
located at the top of the vessel. [0003] A key
challenge in the hybrid process is to precisely
calculate the quantity of  heat that needs to be
provided by the heating regeneration gas in (f)(ii)
above so no  energy is wasted heating the regeneration
gas beyond what is necessary. As can be  appreciated
by one skilled in the art, the heat provided by the
heating regeneration gas 20 must be enough to drive
the resultant heat pulse through the CO2 removal zone
such  that it dies at a location (hereafter, the
Design Location) inside the water removal zone  that
is far enough to have regenerated a significant
portion of the water removal zone  (i.e. by
temperature swing), but not too far into the water
removal zone such that the  capacity of the cooling
regeneration gas to complete the regeneration of the
water 25 removal zone (i.e. by pressure swing) is not
fully utilized. In other words, the Design  Location
corresponds to the location within the water removal
zone where the transition  occurs from regeneration by
temperature swing, to regeneration by pressure swing.
[0004] Kalbassi addresses this key challenge in the
hybrid process by adjusting the  quantity of heat to
be provided by the heated regeneration gas as a
function of the water 



30 content of the feed gas. As opposed to establishing
a fixed quantity of heat based on the  most adverse
ambient conditions likely to be encountered, this
provides significant  energy savings. Kalbassi is an
incomplete solution however vis-a-vis the present
invention because, unlike the present invention,
Kalbassi's adjustment of the necessary -2 quantity of
heat does not take into account temperature data
during the regeneration  sequence and particularly
temperature data taken within a strategic portion (the
Strategic  Portion) of the water removal zone which is
centered around the Design Location. This  temperature
data allows one to measure the actual location where
the heat pulse dies 5 and reconcile any discrepancies
with the Design Location by appropriately adjusting
the  quantity of heat to be provided in the next
regeneration sequence. The ability to fine- tune the
adjustment of the provided heat from cycle to cycle in
this fashion further  increases the energy savings in
Kalbassi. [0005] In general, the Strategic Portion
could be any portion of the water removal zone  10
other than at or near the edges since, as can be
appreciated by one skilled in the art, the  edges of
the water removal zone are not practical Design
Locations for the heat pulse to  die in a hybrid
process due to risk of water contamination of the CO2
adsorbent. (In  particular, if Design Location near
edge of water removal zone adjacent to CO2 removal
zone, this means little, if any, of the water removal
zone is being regenerated by 15 temperature swing;
similarly, if Design Location near the edge of water
removal zone  where the feed gas is introduced, this
means, little, if any, of the water removal zone
vessel is being regenerated by pressure swing). To be
more precise, if one were to think  of the water
selective adsorbent contained in the water removal
zone as 10 equally thick  layers (with layer 1
beginning at the end of the water removal zone
adjacent to the feed 20 port and proceeding
sequentially to layer 10, layer 10 being adjacent the
CO2 removal  zone), the Strategic Portion would
comprise any 3-4 consecutive layers between (and
including) layers 2 through 9. Given that the Design
Location for the heat pulse to die in  a typical
hybrid system is typically somewhere between layers 6
and 9, it follows that the  



Strategic Portion will typically comprise layers 6
through 9. 25 [0006] USP 6,402,809 (2002) by Monereau
et al. assigned to L' Air Liquide also  teaches the
above referenced hybrid process. Monereau further
teaches controlling the  temperature of the
regeneration gas depending on operating conditions
which include  the "thermal profile of the heat front
output by the [adsorber] at the end of the
regeneration". Or, as more particularly taught column
5, line 5 of Monereau, the 30 temperature of the
regeneration gas is controlled according to the
thermal profile as the  "heat front leaves [the water
removal zone]". Accordingly the temperature data is
taken  at the edge of water removal zone corresponding
to layer 1 in the present invention's  definition of
the water removal zone. As discussed previously, this
is contrary to  teaching of present invention. In
particular, such a location means, little, if any, of
the -3 ability to complete regeneration of the water
removal zone vessel pressure swing is  being utilized,
and consequently the regeneration gas is being heated
more than  necessary. [0007] USP 4,541,851 (1985) by
Bosquain et a]. assigned to L'Air Liquids teaches the
5 use of a radial adsorption bed in the above
referenced hybrid process where the feed port
distributes the feed gas into the exterior of the
adsorption vessel, and the feed gas  flows radially
inward (first through the water removal zone and then
through the CO2  removal zone as in Kalbassi) before
reaching the product port located in the interior of
the vessel. To address the sensitivity of this
geometry to the mechanical stress issues 10 associated
with the temperature fluctuation between the
adsorption and regeneration  sequences, Bosquain
teaches the use of a temperature sensor disposed very
close to  the outer grate at the feed end of the water
removal zone (i.e. again corresponding to  layer 1 in
the present invention's definition of the water
removal zone) to prevent the heat  pulse generated
during regeneration from reaching this outer grate. 15
[0008] USP 4,832,711 (1989) by Christel at al.
assigned to Pall Corporation teaches  use of an
adsorbent for adsorbing water from a feed gas wherein,
to conserve the heat  



generated by the adsorption sequence for use in
heating the regeneration gas, the  advance of the heat
pulse through the adsorbent is measured during the
adsorption  sequence to allow the sequence to be
discontinued before the resultant heat pulse 20 leaves
the product end of the bed. There is no external
heating of the regeneration gas  in Christel.
Accordingly, the problem addressed by the present
invention (i.e. precisely  determining the quantity of
external heat that needs to be provided during
regeneration)  is a non-issue in Christel. 25 BRIEF
SUMMARY OF THE INVENTION [0009] The present invention
is an improved control scheme for an adsorption
process  that removes water and carbon dioxide (CO2)
from a feed gas using a hybrid of both  temperature
swing (i.e. TSA) and pressure swing (PSA) to
regenerate the adsorbent.  The control scheme
comprises adjusting the quantity of heat to be
provided by the 30 regeneration gas as a function of
temperature data taken within a strategic portion of
the  water selective adsorbent zone. The strategic
portion corresponds to the location for the  desired
transition from regeneration by temperature swing, to
regeneration by pressure -4 swing. In a preferred
embodiment of the present invention, said quantity of
regeneration  heat is also adjusted as a function of
the water content of the feed gas. BRIEF DESCRIPTION
OF SEVERAL VIEWS OF THE DRAWINGS  5 [0010] Figure 1 is
a drawing of one embodiment of the present invention.
DETAILED DESCRIPTION OF THE INVENTION [0011] Referring
to Figure 1, the present invention is directed to an
adsorption process  for removing water and 002 from a
feed gas (12) wherein: 10 (a) the process employs an
adsorption vessel (14) having a feed port (16) for
introducing the feed gas and a product port (18) for
withdrawing product gas (20); (b) located adjacent to
feed port is a water removal zone (22) containing a
water selective adsorbent for adsorbing the water from
the feed gas; (c) located between the water removal
zone and the product port is a CO2  



15 removal zone (24) containing a CO2 selective
adsorbent for adsorbing the CO2 from the  feed gas;
(d) the process cycles between an adsorption sequence
and a regeneration  sequence; (e) during the
adsorption sequence: 20 (i) feed gas is passed through
the vessel beginning at the feed port;  (ii) at least
a portion of the water selective adsorbent becomes
saturated with water; (iii) at least a portion of the
CO2 selective adsorbent becomes  saturated with 002;
and 25 (iv) product gas is withdrawn from the product
port;  (f) during the regeneration sequence: (i) the
vessel is depressurized to a lower pressure; (ii)
beginning at the product port, a heating regeneration
gas is  passed through the vessel that provides a
quantity of regeneration heat to desorb -5
substantially all of the CO2 adsorbed during the
adsorption sequence and a portion of the  water
adsorbed during the adsorption sequence; and (iii)
beginning at the product port, a cooling regeneration
gas is passed  through the vessel to desorb most or
substantially all of the remaining water adsorbed 5
during the adsorption sequence; (iv) the vessel is
pressurized with feed gas to prepare the vessel for
its  next adsorption sequence; and (g) the water
selective adsorbent contained in the water removal
zone  consists of ten equally thick layers, with layer
1 beginning at the end of the water 10 removal zone
adjacent to the feed gas port and proceeding
sequentially to layer 10 at  the end of the water
removal zone which is adjacent the CO2 removal zone;
[0012] The present invention is more particularly an
improvement to the above process  



comprising adjusting the quantity of regeneration heat
referenced in (f)(ii) as a function of  temperature
data taken within a strategic portion of the water
selective adsorbent zone 15 that, as discussed
previously, corresponds to the design location for the
heat pulse to die  which, in general could comprise
any 3-4 consecutive layers between (and including)
layers 2 through 9, but more typically would comprise
layers 6 through 9 as shown by the  cross-shaded
portion of the water removal zone in Figure 1. [0013]
In another embodiment of the present invention, the
temperature data is 20 obtained from two locations
within the strategic portion, namely from a location
in layer 9,  and from a location in layer 6. [0014] In
another embodiment of the present invention, the
quantity of heat to be  provided by the heated
regeneration gas is also adjusted as a function of the
water  content of the feed gas (i.e. as taught in
Kalbassi). 25 [0015] In another embodiment of the
present invention, the feed gas is air. [0016] In
another embodiment of the present invention, the
product gas is fed to a  cryogenic air separation unit
and separated into its constituent components. [0017]
In another embodiment of the present invention, the
water selective adsorbent  is activated alumina. 30
[0018] In another embodiment of the present invention,
the water selective adsorbent  is silica gel. -6
[0019] In another embodiment of the present invention,
the CO2 selective adsorbent is  molecular sieve.
[0020] In another embodiment of the present invention,
the feed gas is natural gas.  [0021] In another
embodiment of the present invention, the feed gas is a
synthesis gas  5 comprising carbon monoxide and
hydrogen. [0022] The embodiment of the present
invention shown in Figure 1 employs a vertical  flow
vessel where (such as taught in Kalbassi) where the
feed port (14) is located at the  bottom of the
adsorption vessel and the feed gas (10) flows upwardly
through the  



adsorption vessel before reaching the product port
(16) located at the top of the 10 adsorption vessel.
Alternatively, the present invention could employ a
radial flow vessel  (such as taught in Bosquain) where
the feed port distributes the feed gas into the
exterior  of the adsorption vessel, and the feed gas
flows radially through adsorption vessel (first
through the water removal zone and then through the
CO2 removal zone as in Kalbassi)  before reaching the
product port located in the interior of the adsorption
vessel. 15 -7 CLAIMS 1. In an adsorption process for
removing water and CO2 from a feed gas wherein: (a)
the process employs an adsorption vessel having a feed
port for  5 introducing the feed gas and a product
port for withdrawing product gas; (b) located adjacent
to feed port is a water removal zone containing a
water  selective adsorbent for adsorbing the water
from the feed gas; (c) located between the water
removal zone and the product port is a CO2  removal
zone containing a CO2 selective adsorbent for
adsorbing the CO2 from the feed  10 gas; (d) the
process cycles between an adsorption sequence and a
regeneration  sequence; 15 (e) during the adsorption
sequence: (i) feed gas is passed through the vessel
beginning at the feed port;  (ii) at least a portion
of the water selective adsorbent becomes  saturated
with water; (iii) at least a portion of the CO2
selective adsorbent becomes  saturated with C02; and
(iv) product gas is withdrawn from the product port;  



20 (f) during the regeneration sequence: (i) the
vessel is depressurized to a lower pressure; (ii)
beginning at the product port, a heating regeneration
gas is  passed through the vessel that provides a
quantity of regeneration heat to desorb  substantially
all of the CO2 adsorbed during the adsorption sequence
and a portion of the 25 water adsorbed during the
adsorption sequence; and (iii) beginning at the
product port, a cooling regeneration gas is passed
through the vessel to desorb most or substantially all
of the remaining water adsorbed  during the adsorption
sequence; (iv) the vessel is pressurized with feed gas
to prepare the vessel for its  30 next adsorption
sequence; and -8 (g) the water selective adsorbent
contained in the water removal zone  consists of ten
equally thick layers, with layer 1 beginning at the
end of the water  removal zone adjacent to the feed
gas port and proceeding sequentially to layer 10 at
the end of the water removal zone which is adjacent
the CO2 removal zone; 5 the improvement comprising
adjusting the quantity of regeneration heat as a
function of  temperature data taken within a strategic
portion of the water selective adsorbent zone
comprising any 3-4 consecutive layers between (and
including) layers 2 through 9. 2. The process of Claim
1 wherein the strategic portion of the water selective
10 adsorbent zone comprises layers 6 through 9. 3. The
process of Claim 2 wherein the temperature data is
obtained from two  locations within the strategic
portion, namely from a location in layer 9, and from a
location in layer 6. 15 4. The process of Claim 1
wherein the quantity of heat to be provided by the
heated regeneration gas is also adjusted as a function
of the water content of the feed  gas. 



20 S. The process of Claim 1 wherein the feed gas is
air. 6. The process of Claim 1 wherein the product gas
is fed to a cryogenic air  separation unit and
separated into its constituent components. 25 7. The
process of Claim 1 wherein the water selective
adsorbent is activated  alumina. 8. The process of
Claim 1 wherein the water selective adsorbent is
silica gel. -9 9. The process of Claim 1 wherein the
CO2 selective adsorbent is molecular sieve. 10. The
process of Claim 1 wherein the feed gas is natural
gas. 5 11. The process of Claim 1 wherein the feed gas
is a synthesis gas  comprising carbon monoxide and
hydrogen. 12. The process of Claim 1 wherein the
adsorption vessel is a vertical flow  10 vessel where
the feed port is located at the bottom of the
adsorption vessel and the feed gas flows upwardly
through the adsorption vessel before reaching the
product port  located at the top of the adsorption
vessel. 13. The process of Claim 1 wherein the
adsorption vessel is a radial flow  15 vessel where
the feed port distributes the feed gas into the
exterior of the adsorption vessel, and the feed gas
flows radially through the adsorption vessel before
reaching the  product port located at the exterior of
the adsorption vessel. 20 


