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1
PRESSURE SWING ADSORPTION APPARATUS

BACKGROUND OF THE INVENTION

This invention relates generally to apparatus for sepa-
rating gas mixtures by pressure swing adsorption and
relates more particularly to the arrangement of valves
and other working components within such an appara-
tus.

The type of pressure swing adsorption apparatus with
which this invention is concerned includes a pair of
adsorbers each having a fixed bed of adsorbent material
and an inlet and an outlet accommodating a flow of gas
therethrough. The adsorbent material of each adsorber
is adapted to fractionate at least one constituent from a
gaseous mixture when the gaseous mixture is sequen-
tially directed into the inlet of one adsorber so that the
one adsorber performs adsorption while the other ad-
sorber is simultaneously purged of adsorbed constituent
with product gas withdrawn from the one adsorber and
then the gaseous mixture is directed from the feed
stream into the inlet of the other adsorber so that the
other adsorber performs adsorption while the one ad-
sorber is simultaneously purged of adsorbed constituent
with product gas withdrawn from the outlet of the
other adsorber. One such pressure swing adsorption
apparatus is utilized for separating nitrogen from air
delivered from an air source and for providing a prod-
uct stream of relatively high purity oxygen.

For purposes of directing the flow of the gaseous
mixture or product gas between the adsorbers in a de-
sired manner, the adsorption apparatus commonly in-
cludes feed valving means, a purge loop and equaliza-
tion valving means. The feed valving means is opera-
tively connected between the inlets of the adsorbers and
the feed stream for directing gaseous mixture from the
feed stream into the inlet of one and the other adsorber
in an alternating fashion so that only one adsorber at a
time performs adsorption and produces product gas.
The purge loop is connected between the outlets of the
adsorbers for permitting product gas exiting the outlet
of the adsorber performing adsorption to enter the out-
let of the other adsorber for purging the other adsorber
of adsorbed constituent and so that while one adsorber
performs adsorption, the other adsorber undergoes de-
sorption or regeneration. The equalization valving
means is connected between the outlets of the adsorbers
for equalizing the internal pressures of the adsorbers
between preselected stages of apparatus operation.

Furthermore, waste valving means are associated
with the inlets of the adsorbers through which product-
depleted waste gas is discharged from the adsorber
undergoing regeneration. For controlling the sequenc-
ing of the apparatus valving means, timing devices are
commonly and operatively connected to the valving
means for controlling the time periods during which the
valving means are actuated and deactuated. Hence, the
timing devices provide means by which the operation
and various stages of the apparatus are automatically
controlled.

It is an object of the present invention to provide a
new and improved pressure swing adsorption apparatus
wherein working components, such as the aforedes-
cribed valving means of the apparatus are arranged in a
manner facilitating service and maintenance of the ap-
paratus.
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Another object of the present invention is to provide
such an apparatus which is uncomplicated in structure
yet effective in operation.

SUMMARY OF THE INVENTION

This invention resides in a pressure swing adsorption
apparatus having working components arranged in an
advantageous relationship with one another.

The pressure swing adsorption apparatus includes a
pair of adsorbers each having an inlet and an outlet and
adapted to fractionate at least one constituent from a
gaseous mixture delivered from a feed stream. In opera-
tion, the gaseous mixture from the feed stream is se-
quentially directed into the inlet of one adsorber so that
the one adsorber performs adsorption while the other
adsorber is simultaneously purged of adsorbed constitu-
tent with product gas withdrawn from the outlet of the
one adsorber and then directing the gaseous mixture
from the feed stream into the inlet of the other adsorber
so that the other adsorber performs adsorption while
the one adsorber is simultaneously purged of adsorbed
constituent with product gas withdrawn from the outlet
of the other adsorber.

The apparatus further includes feed and waste valv-
ing means associated with the inlets of the adsorbers
through which the gaseous mixture is selectively routed
to the inlet of one or the other adsorber for the produc-
tion of product gas and through which product-dep-
leted waste gas is discharged from the adsorber being
purged. Furthermore, a purge loop and equalization
valving means are associated with the outlets of the
adsorbers permitting the adsorbers to communicate
with one another through the outlets thereof for the
purposes of purging one and then the other of the ad-
sorbers and for equalizing the internal pressure of the
adsorbers between preselected stages of adsorber opera-
tion.

The improvement is characterized in that the feed
valving means, the waste valving means and the equal-
ization valving means are disposed in such a relationship
to one another that service and maintenance of the
apparatus is facilitated.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

FIG. 1 is a perspective view of an air separator in
accordance with the present invention shown with its
front cover detached from the remainder of the separa-
tor.

FIG. 2 is a fragmentary plan view of the FIG. 1
separator shown with its front cover removed and an
associated compressor and surge tank.

FIG. 3 is a block diagram illustrating the flow con-
nections between working components of the Fig. sepa-
rator.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENT

Turning now to the drawing in greater detail and
considering first FIG. 1, there is shown an embodiment,
generally indicated 20, of an apparatus in accordance
with the present invention for fractionating at least one
component or constituent from a gaseous mixture by

. pressure swing adsorption. The gaseous mixture is sup-

plied to the apparatus 20 by a feed gas stream which
flows along an input conduit 10 and is moved there-
along by means of a pump or compressor 12 (FIG. 2).
As will be apparent hereinafter, the apparatus 20 is
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specifically described and illustrated in relation to the
application of pressure swing adsorption to the fraction-
ation of air to produce an oxygen-rich stream. Hence,
the gaseous mixture supplied to the apparatus 20 by
means of the conduit 10 is compressed atmospheric air.

With reference to FIGS. 1 and 2, the apparatus, or air
separator, 20 includes a base 32, a pair of upstanding
adsorber units or towers 22,24, a control box 26, and an
assembly 28 of working components, generally indi-
cated 30 and hereinafter described, for routing the flow
of source air through the separator 20. The control box
26 is supported upon the base 32 and includes housing
means, generally indicated 34, defining a planar back 36
and a top 40. The back 36 is oriented generally verti-
cally and defines a front surface 42 and a back surface
44. For a reason which will be apparent hereinafter, the
back 36 defines an access slot 38 adjacent the lower end
" thereof. Furthermore, each of the back 36, and top 40 is
constructed of a suitably rigid material, such as steel,
and can be formed from a single sheet of steel bent so as
to define corners at appropriate locations.

The control box 26 further includes a cover 46 having
a front 48 and two opposite sides 50,52 each extending
at a right angle to the front 48. The front 48 and sides

10

20

50,52 can be integrally formed from a single sheet of 25

steel and are so shaped that when the cover 46 is posi-
tioned in operative relationship with the housing means
34, the cover 46 and housing means 34 cooperate to
provide a protective enclosure for the component as-
sembly 28. Screws 54 and latches 554, 55b, 57a and 57b
are utilized to join the cover front 48 to the back 36 and
the housing means top 40 to thereby fixedly and releas-
ably attach the cover 46 to the housing means 34.

With reference to FIGS. 2 and 3, each adsorber 22 or
24 includes an elongated, substantially elongated vessel
§6a or 56b supported upright upon the base 32 and
having an interior cavity which is substantially filled
with a bed of adsorption material adapted to adsorb
nitrogen from air routed therethrough. Furthermore,
each adsorber 22 or 24 includes an inlet 58a or 585 and
an outlet 60a or 60b adjacent the lower end of the corre-
sponding adsorber vessel 56a or 566 wherein the inlet
and outlet of each adsorber 22 or 24 are in flow commu-
nication with one another through the bed of adsorption
material contained therein. Hence, air directed into
each adsorber inlet 58a or 58b is exposed to the adsorp-
tion material before exiting the corresponding adsorber
outlet 60a or 60b.

The adsorption beds of the adsorbers 22,24 may be
comprised of any of a number of adsorbent materials
such as activated carbon, silica gel or a molecular sieve
material known as sodium alumina silicate. Characteris-
tically, the adsorbent material adsorbs nitrogen from air
routed through the corresponding adsorber 22 or 24
from the inlet to the outlet 60 thereof so that the gaseous
product exiting the adsorber outlet is a high purity
oxygen gas. Furthermore, the adsorbent material is
adapted to release its adsorbed nitrogen when purged
by a purge gas for purposes of regenerating the adsor-
bent material. As will be explained hereafter, only one
of the adsorbers 22 or 24 performs adsorption at any one
time while the other adsorber 24 or 22 undergoes regen-
eration. For increasing the efficiency of regeneration,
an amount of the high purity oxygen produced by the
adsorber 22 or 24 performing adsorption is used to
purge the adsorber 24 or 22 undergoing regeneration.

With reference to FIG. 2, the working components
30 of the separator 20 include a prefilter 62, a coalescer
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64, a pressure regulator 66, a waste and feed manifold
assembly 68, a product manifold assembly 70 and a
product flow control assembly 72. The prefilter 62 and
coalescer 64 are mounted in side-by-side relationship
against the back 36 of the control box 26 and adjacent
the top 40 thereof. The pressure regulator 66 is opera-
tively mounted against the back 36 of the control box 26
adjacent the top 40 thereof and to one side, or to the
right as shown in FIG. 2, of the coalescer 64. Each of
the prefilter 62, coalescer 64 and regulator 66 is support-
edly fastened to the front surface 42 of the control box
back 36 by means of screws and appropriate brackets
624, 64q and 66a.

The waste and feed manifold assembly 68 is com-
prised of a generally linear arrangement of items, here-
inafter described, disposed immediately below the pre-
filter 62, coalescer 64 and pressure regulator 66 and
oriented in a manner so as to extend generally horizon-
tally across the control box back 36. Similarly, the prod-
uct manifold assembly 70 includes items, hereinafter
described, arranged in a generally linear arrangement
and disposed immediately below the waste and feed
manifold assembly 68 so as to extend generally horizon-
tally across the control box back 36. For attachment of
the waste and feed manifold assembly 68 and product
manifold assembly 70 to the control box back 36, a pair
of angle members 74,76 having a pair of angularly re-
lated legs are affixed to the back 36 of the control box 26
so that one of its angularly related legs extends gener-
ally forwardly of the control box back 36. The waste
and feed manifold assembly 68 and product manifold
assembly 70 are each, in turn, supportedly attached atop
the forwardly-extending leg of the corresponding angle
member 74 or 76.

With reference still to FIG. 2, the product flow con-
trol assembly 72 includes items, hereinafter described,
disposed generally below the product manifold assem-
bly 70. A support pedestal 78 is supported upright upon
the base 32, and the product flow control assembly 72 is
supported atop the pedestal 78 so as to be positioned
adjacent and in front of the control box back 36. The
pedestal 78 and the product flow control assembly 72
are attached to the base 32 and pedestal 28, respectively,
by means of bolts.

With reference still to FIG. 2, the input conduit 10 is
connected to the inlet, indicated 82, of the prefilter 62
by means of piping 84 and a shutoff valve 86. The input
conduit 10 enters the control box 26 through a hole in
the back 36 (FIG. 1) and is operatively connected to the
inlet side of the shutoff valve 86. The piping 84 is, in
turn, connected between the outlet side of the valve 86
and the prefilter inlet 82. As air is routed through the
prefilter 62, impurities such as liquids and coarse parti-
cles which may be carried by the flow of source air are
removed and discharged through a prefilter outlet 90.
The air stream filtered by the prefilter 62 exits through
an additional prefilter outlet 92.

The coalescer 64 includes an iniet 94 operatively
connected to the prefilter outlet 92 by means of piping
96 for receiving the air filtered by the prefilter 62. As air
is routed through the coalescer 64, the fine impurities
carried by the stream of source air and which escape
collection by the prefilter 62 are coalesced and dis-
charged through a coalescer outlet 98. The air stream
filtered by the coalescer 64 exits through an additional
coalescer outlet 100. Each of the coalescer outlet 98 and
prefilter outlet 90 are operatively connected to a dis-
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charge tube 101 for routing the filtered and coalesced
particles from the control box 26.

The pressure regulator 66 includes an inlet 102 which
is operatively connected to the coalescer outlet 100 by
means of piping 104 and includes an outlet 106 which is
connected to a shutoff valve 108 by means of piping
110. In operation, the pressure regulator 66 reduces the
pressure of the source air supplied by the compressor 12
to a predetermined pressure. If, for example, the separa-
tor 20 is designed to operate within an air pressure
range of about sixty to seventy psig and air is delivered
from the compressor 12 at about eighty psig, the regula-
tor 66 operates to reduce the pressure of air passing
through the regulator 66 by about ten to twenty psig.

With reference to FIG. 2, the waste and feed mani-
fold 68 includes valving means 112 in the form of a pair
of feed valves 114,116 connected between the shutoff
valve 108 and the adsorber inlets 584, 585 for routing air
delivered from the pressure regulator 66 to the adsorber
inlets 584,58b. In this connection, two sections of piping
118 and 120 appropriately extend from the outlet of the
shutoff valve 108, and the valving means 112 includes a
pair of feed valves 114,116 connected in-line between a
corresponding one of the piping 118 and 120 and the
adsorber inlet 58a and 58b. Connected between each
feed valve 114 or 116 and a corresponding adsorber
inlet 584 or 58b is a T-connection 132 or 134 and a
section of piping 136 or 138.

The waste and feed manifold 68 further includes a
pair of waste valves 122 and 124 and a silencer 126. The
waste valves 122 and 124 include inlets 128,130, respec-
tively, operatively joined in flow communication with
the outlet of a corresponding feed valve 114 or 116 by
means of a corresponding T-connection 132 or 134. The
silencer 126 is operatively connected to the outlets of
the waste valves 122 and 124 for receiving gaseous
product exiting the waste valves 122 and 124. In opera-
tion, gaseous product entering either waste valve 122 or
124 is discharged to the atmosphere through the si-
lencer 126. Sounds normally associated with the dis-
charging of a pressurized stream of gas to the atmo-
sphere are muffled by the silencer 126.

As best shown in FIG. 2, the waste valves 122 and
124 and silencer 126 are arranged in a generally linear
side-by-side arrangement 30 so that the silencer 126 is
positioned between the waste valves 122 and 124. Fur-
thermore, the waste valves 122,124 and silencer 126 are
oriented within the control box 26 so that the linear
arrangement provided thereby is oriented substantially
horizontally. The feed valves 114,116 are oriented gen-
erally outboard of the waste valves 122,124 so that each
feed valve 114 or 116 is arranged to one side of a corre-
sponding waste valve 122 or 124.

The product manifold assembly 70 is associated with
the outlets 60a, 60b of the adsorbers 22 and 24 and in-
cludes a pair of product and equalization valves 140 and
142 for equalizing the internal pressure of the adsorbers
22 and 24 between product-producing and regeneration
cycles. The product equalization valves 140 and 142 are
operatively connected to the adsorber outlets 60z and
60b by means of piping 144 and 146 and T-connections
148 and 150. By opening the valves 140 and 142, the
adsorber containers 564,560 communicate with one
another through the adsorber outlets 602,605 in a man-
ner permitting the internal pressure of the adsorbers 22
and 24 to equalize. By closing the valves 140 and 142,
flow of gaseous product between the adsorber outlets
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602 and 606 through the valves 140 and 142 is pre-
vented.

As best shown in FIGS. 2, the equalization valves 140
and 142 are arranged in a substantially linear, side-by-
side arrangement and are arranged within the control
box so that the linear arrangement provided thereby is
oriented substantially horizontally. Furthermore, the
equalization valves 140 and 142 are disposed generally
beneath the waste valves 122,124,

With reference still to FIG. 2, there is illustrated a
purge loop 151 including a section of purging piping
152 connected in parallel flow relation to the product
equalization valves 140 and 142. Mounteéd within the
purge piping 152 is a purge orifice 154 (FIG. 3). During
a regeneration operation of one of the adsorbers 22,24,
the purge orifice 154 limits the amount of gaseous prod-
uct permitted to move between the outlets 602,605 of
the adsorbers 22,24. Furthermore, and with reference to
FIGS. 2 and 3, a pair of check valves 156,158 are con-
nected in parallel flow relation to the product equaliza-
tion valves 140,142 by way of piping sections 160,162
and a T-connection 164. In operation, the check valves
156,158 restrict the movement of gaseous product
through the piping 160 and 162 to one direction so that
all of the gaseous product moving through the check
valves 156,158 is directed out of the T-connection 164
through a piping conduit 166.

The product flow control assembly 72 is connected to
the T-connection 164 through the piping conduit 166
for receiving gaseous product flowing therethrough.
The product flow control assembly 72 defines an orifice
168 (FIG. 3) and includes pressure sensing means 170
for sensing pressure of the air or gaseous product at
preselected locations in the separator piping. Also asso-
ciated with the product flow control assembly 72 is a
solenoid valve 172 through which product gases which
exit the product flow control assembly 72 are routed.
Attached to the discharge or downstream side of the
solenoid valve 172 is a section of piping 174 which
extends through the control box through a hole in the
back 36 (FIG. 1) through which product gas exits the
separator 20. During operation of the separator 20 the
product flow control assembly 72 and solenoid valve
172 effectively provide constant oxygen purity at a
regulated pressure. In the illustrated view of FIG. 2, the
gaseous product produced by the separator 20 is deliv-
ered to a surge tank 176 for use.

Operation of the air separator 20 can be described
briefly through a description of the sequencing of the
valving means of the separator 20. Before the air separa-
tor 20 is initially turned ON, the equalization valves
140,142 are opened to permit the internal pressures of
the adsorbers 22,24 to equalize. Meanwhile, the feed
valves 114,116 and waste valves 122,124 are closed. At
start-up of the separator 20, the equalization valves 140
and 142 are closed, and feed valve 114 and waste valve
124 are opened. The source air entering the separator 20
through the conduit 10 is thereby directed through the
adsorber 22 from its inlet 584 to its outlet 60a so that
high-purity oxygen is produced thereby, and an amount
of oxygen emitted from the adsorber outlet 60z is di-
rected through the purge orifice 154 (FIG. 3), through
the adsorber 24 from the outlet 60b to the inlet 58b
thereof, and through the waste valve 124.

When the adsorber 22 becomes about saturated, each
of the feed valve 114 and waste valve 124 is closed and
the equalization valves 140,142 are opened to thereby
permit the internal pressures of the adsorbers 22,24 to
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equalize. Once the adsorber pressures are equalized, the
equalization valves 140,142 are closed and the feed
valve 116 and waste valve 122 are opened. The source
air entering the separator 20 through the conduit 10 is
thereby directed through the adsorber 24 from its inlet
58b to its outlet 60b so that high-purity oxygen is pro-
duced thereby, and an amount of oxygen emitted from
the adsorber outlet 60b is directed through the purge
orifice 154 (FIG. 3), through the adsorber 24 from the
outlet 60a to the inlet 58z thereof, and through the
waste valve 122,

When the adsorber 24 becomes about saturated, each
of the feed valve 116 and waste valve 122 is closed and
the equalization valves 140,142 are opened to thereby
permit the internal pressures of the adsorbers 22,24 to
equalize. At that point, the cycles of operation are re-
peated with the closing of equalization valves 140,142
and reopening, of the feed valve 112 and the waste valve
124. It follows that while one adsorber produces oxy-
gen-righ product gas in a product-producing cycle, the
other adsorber is being purged of the adsorber air con-
stituent in a regeneration operation, and vice-versa.

Each of the aforementioned feed, waste and equaliza-
tion valves is preferably a solenoid-type valve respon-
sive to a turning on or shutting off of power to the
valve, and control of the various product-producing
and regeneration operations can be had by appropri-
ately sequencing the opening and closing of the afore-
described feed, waste and equalization valves. In the
separator 20, control of the aforedescribed valves is
achieved by timing mechanisms associated with control

“switches 178 (FIG. 2) mounted within the control box
26 in the top 40 thereof and operatively wired to the
valves for turning the valves ON and OFF at the end of
a predetermined period of time. Hence, product-pro-
ducing and regeneration operations are automatically
controlled in the separator 20 by automatically control-
ling the amount of time that each of the feed, waste and
equalization valves are opened and closed.

It will be understood that the aforedescribed inven-
tion accomplishes its intended objects in that the work-
ing components 30, in the form of feed valves 114,116,
waste valves 122,124 and equalization valves 140,142,
are mounted in such a relationship with one another
within the control box 26 that access to each component
30 is facilitated. The prefilter 62, coalescer 64 and pres-
sure regulator 66 are superposed above the waste and
feed manifold assembly 68 which is, in turn, superposed
above the product flow control assembly 72. Hence,
each of the aforedescribed components are arranged in
substantially vertical, planar relationship with one an-
other and adjacent the control box back 36. Therefore,
upon removing the control box cover 46, a repairman
requiring access to any of the aforedescribed control
box components will view the arrangement of compo-
nents 30 substantially as shown in FIG. 2 so that access
to any desired component therein can be had with rela-
tive ease. The flow of gas to the components 30 can be
shut off for servicing purposes by means of shutoff
valves 86 or 108.

It will be understood that numerous modifications
and substitutions will be had to the aforedescribed em-
bodiment without departing from the spirit of the inven-
tion. For example, although the product manifold as-
sembly 70 of the aforedescribed separator 20 has been
shown and described as including a pair of equalization
valves 140,142, a separator in accordance with the pres-
ent invention may include one such valve wherein the

—

5

20

25

30

35

45

535

60

65

8

one valve possesses the capacity to effectively control
flow in either of two directions therethrough. Accord-
ingly, the aforedescribed embodiment is intended for
purposes of illustration and not as limitation.

We claim:

1. In a pressure swing adsorption apparatus including
a pair of adsorbers each having an inlet and an outlet
and adapted to fractionate at least one constituent from
a gaseous mixture delivered from a feed stream by se-
quentially directing the gaseous mixture from the feed
stream into the inlet of one adsorber so that said one
adsorber performs adsorption while simultaneously
purging the other adsorber of adsorbed constituent with
product gas withdrawn from the outlet of the one ad-
sorber and then directing the gaseous mixture from the
feed stream into the inlet of the other adsorber so that
said other adsorber performs adsorption while simulta-
neously purging the one adsorber of adsorbed constitu-
ent of product gas withdrawn from the outlet of the
other adsorber wherein the apparatus includes feed and
waste valving means associated with the inlets of the
adsorbers to which the gaseous mixture is selectively
routed to the inlet of one or the other adsorber for the
production of product gas and through which product-
depleted waste gas is discharged from the adsorber
being purged and a purge loop and equalization valving
means associated with the outlets of the adsorbers per-
mitting the adsorbers to communicate with one another
through the outlets thereof for the purposes of purging
one and then the other of the adsorbers and for equaliz-
ing the internal pressure of the adsorbers between prese-
lected stages of adsorber operation, the improvement
comprising: -

a base;

an elongated control box for housing the feed and

waste valving means of the apparatus, said control
box being directly mounted upon said base so that
its longitudinal axis is oriented generally vertically
and including a substantially planar back oriented
generally vertically, the valving means of the appa-
ratus are supportedly attached to said planar back
in a substantially coplanar and vertical arrange-
ment facilitating service and maintenance of said
valving means, and

said pair of adsorbers include a pair of towers directly

mounted upon said base and oriented in a generally
vertical, side-by-side arrangement and positioned
in such a relationship with the control box so that
the back panel of the control box is positioned
adjacent and so as to span the width of the adsorber
towers, the towers and the control box being at-
tached to one another so that the vertical stability
of each of the towers and control box contributes
to the vertical stability of each of the other of the
towers and control box.

2. The improvement of claim 1 wherein at least one of
said valving means is superposed above another of said
valving means.

3. The improvement of claim 1 further comprising
automatic control means for automatically controlling
the operation of said feed valving means, equalization
valving means and waste valving means, said automatic
control means including controls which are superposed
generally above each of the feed valving means, equal-
ization valving means and waste valving means to facili-
tate servicing and maintenancing of said controls.
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4. A pressure swing adsorption apparatus for frac-
tionating at least one constituent from a gaseous mix-
ture, said apparatus comprising:

a base;

a pair of adsorbers each having an inlet and an outlet
and adapted to adsorb a preselected constituent
from a gaseous mixture delivered from a feed
stream and routed from the inlet to the outlet
thereof and adapted to desorb the adsorbed constit-
uent and thus undergo regeneration when purged
by gaseous product exiting the outlet of the other
adsorber and routed from the outlet to the inlet
thereof, said pair of adsorbers including a pair of
towers directly mounted upon said base and ori-
ented generally vertically and in a side-by-side
arrangement;

feed valving means operatively connected between
the inlets of the adsorber and the feed stream for
directing gaseous mixture from the feed stream into
the inlet of one and the other adsorber in an alter-
nating fashion so that only one adsorber at a time
performs adsorption and produces product gas;

a purge loop connected between the outlets of the
adsorbers for permitting product gas exiting the
outlet of the adsorber performing adsorption to
enter the outlet of the other adsorber for purging
the other adsorber of adsorbed constituent and so
that while one adsorber performs adsorption, the
other adsorber undergoes regeneration;

equalization valving means connected between the
outlets of the adsorbers for equalizing the internal
pressures of the adsorbers between preselected
stages of apparatus operation;

waste valving means associated with the outlets of
the of the adsorbers through which productdep-
leted waste gas discharged from the inlet of the
adsorber undergoing regeneration is rejected; and

an elongated control box for housing the feed valving
means, the equalization valving means and the
waste valving means of the apparatus, said control
box being directly mounted upon said base so that
its longitudinal axis is oriented substantially verti-
cally and including a substantially planar back ori-
ented generally vertically, said pair of adsorber
towers being positioned upon said base adjacent
the control box so that the back thereof is posi-
tioned in relatively close proximity to and spans the
width of both towers, the feed valving means, the
equalization valving means and the waste valving
means being supportedly attached in a single verti-
cal plane to the planar back of the control box so as
to facilitate service and maintenance of the appara-
tus, said control box and the adsorber towers being
attached to one another so that the vertical stability
of each of the towers and control box contributes
to the vertical stability of each of the other of the
towers and the control box.

S. The apparatus as defined in claim 4 wherein at least
one of the feed, equalization and waste valving means is
superposed above another of the feed, equalization and
waste valving means.

6. The apparatus as defined in claim 4 wherein the
feed valving means includes a pair of feed valves and
the waste valving means includes a pair of waste valves,
said waste valves being arranged generally in a side-by-
side relationship and said feed valves are positioned
generally outboard of the side-by-side arrangement of
waste valves,

.
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7. The apparatus as defined in claim 4 wherein the
waste valving means includes a pair of feed valves ar-
ranged in a generally side-by-side relationship and said
equalization valving means is disposed generally be-
neath the side-by-side arrangement of waste valves.

8. The apparatus as defined in claim 4 further com-
prising automatic control means for automatically con-
trolling the operation of said feed valving means, equal-
ization valving means and waste valving means, said
automatic control means including controls which are
superposed generally above each of the feed valving
means, equalization valving means and waste valving
means to facilitate servicing and maintenancing of said
controls.

9. An air separator for separating at least one constit-
uent element from air delivered from an air source, said
separator comprising:

a base;

a pair of adsorbers each including a pair of towers and

a bed of adsorbent material adapted to adsorb a
preselected constituent from air delivered from a
source and adapted to desorb the adsorbed constit-
uent and thus undergo regeneration when purged
by product gas produced by the other adsorber,
each adsorber having an inlet and outlet accommo-
dating a flow of air or product gas therebetween,
said adsorber towers being directly mounted upon
said base and oriented generally vertically and in a
side-by-side relationship;

an elongated control box being directly mounted
upon said base so that the longitudinal axis of the
control box is oriented generally vertically, and
including a planar back oriented substantially verti-
cally;

feed valving means operatively associated with the
inlets of the adsorber and the air source for direct-
ing air from the source into the inlet of one and the
other adsorber in an alternating fashion so that only
one adsorber at a time performs adsorption and
produces product gas;

a purge loop connected between the outlet of the
adsorber permitting product gas exiting the outlet
of the adsorber performing adsorption to enter the
outlet of the other adsorber for purging the other
adsorber of adsorbed constituent and so that while
one adsorber performs adsorption, the other ad-
sorber undergoes regeneration;

equalization valving means associated between the
outlets of the adsorbers for equalizing the internal
pressures of the adsorbers between preselected
stages of apparatus operations; and

waste valving means associated with the outlets of
the adsorbers through which product-depleted
waste gas discharged from the inlet of the adsorb-
ers undergoing regeneration is rejected, said feed
valving means, equalization valving means and
waste valving means being supportedly attached to
the planar back of said control box so as to be
disposed in generally a planar and vertical arrange-
ment thereagainst so that servicing and mainte-
nance of said feed valving means, equalization
valving means and waste valving means is facili-
tated, said control box being disposed relative to
said towers so that the planar back is proximate to
and generally spans the width of both adsorber
towers, said control box and towers being attached
to one another so that the vertical stability of each
of the towers and control box upon the base con-
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tributes to the vertical stability of each of the other
of the towers and control box.

10. The air separator of claim 9 wherein at least one
of the feed, equalization and waste valving means is 5
superposed above another of the feed, equalization and
waste valving means.

11. The -air separator of claim 9 wherein the feed
valving means includes a pair of feed valves and the
waste valving means includes a pair of waste valves,
said waste valves being arranged generally in a side-by-
side relationship and said feed valves are positioned
generally outboard of the side-by-side arrangement of
waste valves. 15

12. The air separator of claim 9 wherein the waste
valving means includes a pair of feed valves arranged in
a generally side-by-side relationship and said equaliza-
tion valving means is disposed generally beneath the
side-by-side arrangement of waste valves.

13. The air separator of claim 9 further including
filtering componentry operatively connected upstream
of the feed valving means for filtering source air and
said filtering componentry is supportedly mounted
within the control box in the plane of the generally
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planar arrangement of said feed, equalization and waste
valving means.

14. The air separator of claim 9 further including a
pressure regulator operatively connected upstream of
the feed valving means for regulating the pressure of
source air delivered to the feed valving means, said
pressure regulator being supportedly mounted within
the control box in the plane of the generally planar
arrangement of said feed, equalization and waste valv-
ing means.

15. The air separator of claim 9 further including a
product flow controller operatively connected down-
stream of the adsorber outlets for controlling the flow
of product gas from said separator, said product flow
controller being mounted within the control box in the
plane of the generally planar arrangement of said feed,
equalization and waste valving means.

16. The air separator of claim 9 further including
automatic control means for automatically controlling
the operation of said feed valving means, equalization
valving means and waste valving means, said automatic
control means including controls which are superposed
generally above each of the feed valving means, equal-
ization valving means and waste valving means to facili-

tate servicing and maintenancing of said controls.
* x k% %
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