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(57) A method and apparatus for operating a pressure swing adsorption process is disclosed that may utilize only a
single adsorption stage yet still produce a continuous stream of a concentrated fluid. A portion of the enriched fluid
produced during the adsorption cycle in an adsorption chamber is used to purge the adsorption chamber.
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fixed walls or by having at least a portion of one wall of container 18
moveable in response to the pressure build up in container 18). The
enriched air in container 18 provides a source of air to purge, or
assist in purging, adsorption chamber 16. Further, and more
preferably, the pressure increase in container 18 is used to trigger the
start of the purge cycle at the end of the charge cycle without any
electronic monitoring or controls.

Figures 7a, 7b and 7c show an alternate embodiment of
valve 24 as a two-way valve illustrated in cross section, which
includes a first plug 120, a second plug 122, a first spring 124 and a
second spring 126. Common wall 73 between adsorption chamber
16 and passageway 20 around adsorption outlet 72 has a “step”
configuration as shown, and includes first recessed annular surface
125a, first cylindrical surface 125b, second cylindrical surface 125c,
and second annular surface 125d. First cylindrical surface 125b
defines a first port 127a and second cylindrical surface 125c defines a
second port 127b.

First plug 120 comprises a first plug stem 128 and a first
plug plate 130 and has a longitudinal bore 132 which extends
through the body of plug 120. In its first position (Figure 7a), first
plug stem 128 extends along first and second cylindrical surfaces
125b and 125¢ and is sized such that sufficient room is left between
the outside surface of first plug stem 128 and the first and second
cylindrical surfaces 125b and 125¢ to accommodate first spring 124.
First plug plate 130 has a larger diameter than that of second port
127b such that first plug plate 130 extends over second annular
surface 125d to seal adsorption chamber 16 from passageway 20. First
spring 124 is coupled between first annular surface 125a and the top
surface of first plug plate 130 and urges first plug plate 130 into
sealing arrangement with second annular surface 125d thus

preventing fluid flow through adsorption outlet 72.
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Second plug 122 comprises a second plug stem 134 and a
second plug plate 136. Second plug stem 134 is adapted to fit within
bore 132 of first plug 120. Second plug plate 136 has a smaller
diameter than that of first port 127a such that sufficient clearance is
available between the outer surface of second plug plate 136 and the
first cylindrical surface 125b for movement of second plug plate 136
within adsorption outlet 127a. Second plug plate 136 is also sized to
extend over the top surface of second valve stem 134 such that
second spring 126 can be coupled to the bottom surface of second
plug plate 136 and to the top surface of first plug plate 130.
Accordingly, second spring 126 urges second plug plate 136 into
sealing arrangement with the top surface of second valve stem 134
so as to prevent fluid flow through bore 132.

Referring specifically to Figure 7a, while concentrator 10
is in its adsorption cycle, valve 24 will be in its first position. That is,
the pressure differential between adsorption chamber 16 and
passageway 20 will be such that first spring 124 prevents air from
flowing from passage 20 into adsorption chamber 16 (plug 122 is
fully engaged with first plug 120 to block bore 132 to prevent gas
flow therethrough) and second spring 126 prevents air from flowing
from adsorption chamber 16 to passageway 20 (first plug plate 130
will be sealably engaged over second port 127 to prevent gas flow
through adsorption outlet 72).

Referring now to Figure 7b, when a sufficiently high
pressure forms within adsorption chamber 16 (e.g. 1 psig), valve 24
will be caused to move from its first position (Figure 7a) to its
second position (Figure 7b). Specifically, once the pressure exerted
on the bottom surface of second plug stem 128 of second plug 122
through bore 132 is larger than the resistance of second spring 126
and the pressure on the top surface of second plug plate 136, second

spring 126 will be extended and second plug 122 will be lifted out of
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its engagement with first plug 120 such that second plug stem 128
will be removed from bore 132. Accordingly, gas will flow from
adsorption chamber 16 into passageway 20 through bore 132 and
around second plug 122.

Referring now to Figure 7c, when the pressure within
passageway 20 reaches a high enough value (e.g. 4-6 psig), valve 24
will be caused to move from its second position (Figure 7b) to its
third position (Figure 7c). Specifically, once the pressure exerted on
the top surface of second plug plate 136 of second plug 122 and the
top surface of the first plug plate 130 is larger than the resistance of
first spring 124 and the pressure on the bottom surface of first plug
plate 130, second spring 126 will no longer be extended and first
spring 124 will be extended such that first plug 120 will be forced
away from adsorption outlet 72. Accordingly, enriched gas will flow
from passageway 20 into adsorption chamber 16 through the space
around engaged first and second plugs 120 and 122.

Figures 8a and 8b show an alternate embodiment of
valve 24 as a two-way valve with a signal spring configuration. In
this embodiment, valve 24 comprises only first plug 120. While
concentrator 10 is in its adsorption and charging cycles, valve 24 will
be in a first position (Figure 8a). During the adsorption cycle, as
pressure builds up within adsorption chamber 16, plug plate 146 is
further urged against annular surface 125d. It should be noted that
in this position a first gas flow passes through bore 148 into
passageway 20. During the charging cycle, valve 24 will remain in
the first position as no amount of pressure in adsorption chamber
16 will cause an increased gas flow through valve 24 due to the fact
that plug plate 146 extends over second port 127b.

Referring specifically to Figure 8b, while concentrator 10
is in its purge cycle, valve 24 will move to the second position

wherein gas will flow into adsorption chamber 16 from passageway
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20 to effect a quick and efficient purge cycle. Once the purge cycle has
been completed, the pressure of passageway 20 and adsorption
chamber 16 will start to equalize until the pressure differential
therein is such that spring 124 will no longer be caused to extend
into adsorption chamber 16 causing plug to reassume its position
within adsorption outlet 72 as shown in Figure 8a.

It should be noted that the gas flow rate from
adsorption chamber 16 into passageway 20 may be greater than, the
same as or less than the gas flow rate in the reverse direction. The
gas flow rates may be altered by varying the ratio of the surface area
of the opening of valve 24 during the charging cycle compared to
the surface area of the opening of valve 24 during the purge cycle
(i.e. during the reverse flow).

By constructing a concentrator according to the instant
invention, a concentrator may be constructed whereby the
pressurized air fed to adsorption chamber 16 may be the only
motive force to open purge valve 22 and valve 24. Further, it
provides the requisite motive force to cause container 18 to expand.
Thus, by using simple mechanical linkages and movable or
expandable elements, a gas concentrator having a simple, rugged
construction may be developed.

In addition, aperture 28 may be in an open position at
all times so as to provide a continual supply of enriched gas to
outlet 14 even when adsorption chamber 16 is being purged. This is
due to reservoir 30 contracting during the purge cycle thereby
driving the enriched stored gas from reservoir 30 to aperture 28.

Another advantage of the instant invention is that the
expansion of container 18 may be used to time the purging cycle of
adsorption chamber 16. Accordingly, electronic timers or
concentration sensors are not required to provide input to a

controller to determine when the purge cycle should be commenced
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or terminated.

In one preferred embodiment, the apparatus is for use
in a domestic (i.e. residential) water treatment apparatus, eg. a water
treatment apparatus for use with a house, cottage, mobile home or
the like. Thus, the water to be treated may be from a municipal
water supply which is fed to a house through supply pipes. It may
also be water which is obtained from a well maintained by the
individual or any other source that the individual has for their

house, cottage, mobile home or the like.




