
US 20040007134A1 

(12) Patent Application Publication (10) Pub. No.: US 2004/0007134 A1 
(19) United States 

Parsa (43) Pub. Date: Jan. 15, 2004 

(54) CONTINUOUS GAS SEPARATION IN AN 
OPEN SYSTEM 

(57) ABSTRACT 

(76) Inventor; Komad Parsa, Laguna Niguel, CA A continuous process for separating a gaseous constituent 
(Us) from a gaseous mixture comprises continuous and concur 

rent steps of: (a) introducing the gaseous mixture through an 
Correspondence Address: entry port into an enclosed ionization chamber; (b) ionizing 
O’MELVENY & MYERS LLP the gaseous mixture betWeen oppositely charged electrodes 
400 So. Hope Street (i.e., an anode and a cathode) of static polarity; (c) pumping 
Los Angeles, CA 90071-2899 (US) the gaseous constituent out of a space betWeen the anode and 

the cathode through a ?rst passage adjoining a selected one 
(21) Appl. No.: 10/402,279 of the anode or the cathode; and (d) pumping the balance of 

) the gaseous mixture out of the space betWeen the anode and 
(22 Filed: Mar- 27, 2003 cathode through a second passage adjoining the anode/ 

_ _ cathode of opposite polarity. The ionization chamber com 
Related U-S- Appllcatlon Data prises an anode and a cathode separated by a volume for 

_ _ _ _ _ containing the gaseous mixture. Ions of a gaseous constitu 

(62) Dlvlslon of apphcatlon NO- 10/194,628, ?led 0n JUL ent are draWn toWards one of the anode or cathode of 
12, 2002, HOW Pat- NO- 6,585,809- opposite polarity to the ions, and aWay from the other anode 

or cathode of same polarity to the ions. As ions approach the 
PllbliC?tiOIl ClaSSi?Ca?OIl cathode/anode, they are collected and sucked though an 

exhaust port by the action of an electro-mechanical pump. 
(51) Int. Cl.7 ..................................................... .. 1303C 3/38 The balance of the gaseous mixture is collected adjacent to 

the opposite cathode/anode, and exhausted by a separate 
(52) US. Cl. ................................................................ .. 96/16 pump. 
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CONTINUOUS GAS SEPARATION IN AN OPEN 
SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method and 
system for separation of gas mixtures into gas volumes 
having higher concentrations of selected constituent gases, 
and particularly to such methods and systems as operate at 
relatively loW pressures, such as partial atmospheric pres 
sure, or less. 

[0003] 2. Description of Related Art 

[0004] It is generally desirable, for a variety of applica 
tions, to separate constituent gases of a gaseous mixture. For 
example, the constituent gases of oxygen, nitrogen, carbon 
dioxide, argon, etc., are often separated from air, using 
numerous different methods. Methods for such separation 
often entail the use of massive and/or complex equipment, 
and consume a large amount of energy. Consequently, 
bottled gas (pressuriZed or lique?ed) is predominantly used 
for applications in Which a relatively pure gas is required. 
Except for a feW specialiZed industrial processes, continu 
ous, on-demand gas separation methods that use ambient air 
as a feedstock are generally too expensive and/or not tech 
nically feasible for many applications in Which gaseous 
separation may be bene?cial. 

[0005] For example, for combustion engine applications, 
it may be bene?cial to enrich intake air With oxygen, to 
enable increased poWer or ef?ciency. Presently, there is no 
effective solution for providing oxygen in a continuous 
process using air as a feedstock, that is feasible for use With 
gasoline or diesel engines in transportation applications. 
Similar bene?ts might be realiZed With other mobile or 
stationary poWer plants or combustion applications. Sepa 
ration of more concentrated oxygen and/or nitrogen streams 
from ambient air may also be useful for various different 
industrial processes, for ?re prevention or suppression, for 
air conditioning or medical purposes, and/or other applica 
tions. 

[0006] It is desirable, therefore, to provide a system and 
method for separating, at least in part, constituents of a 
gaseous mixture. The system and method should be capable 
of separating the primary constituents of ambient air (i.e., 
oxygen and nitrogen) using relatively light-Weight equip 
ment that is economical and relatively maintenance-free. 
The equipment should be useful for diverse applications, for 
example, for use With diesel or gasoline engines in trucking, 
marine, or automotive applications, or for any other appli 
cation Where a continuous gas stream that is at least partially 
enriched in oxygen or nitrogen is desired. 

SUMMARY OF THE INVENTION 

[0007] The invention provides a method and system for 
separating constituents of gas mixtures, that is suitable for 
separating oxygen, nitrogen, and perhaps other constituents, 
from ambient air in a continuous process. The method may 
be implemented using lightWeight, relatively inexpensive 
equipment that may be con?gured for a variety of different 
applications and operating environments. The invention is 
therefore believed suitable for use With variety of different 
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applications for Which continuous, on-demand gas separa 
tion Was previously not feasible. 

[0008] According to a method of the invention, a gas 
mixture is continuously introduced into an ioniZation cham 
ber. The ioniZation chamber comprises oppositely-charged 
electrodes separated by an enclosed volume that is ?lled 
With the gas mixture. Each of the oppositely charged elec 
trodes faces the enclosed volume. The electrodes may be 
generally planar or sheet-like, With a primary surface of 
relatively large area. In the alternative, the electrodes may be 
con?gured as Wire or needle arrays. Each electrode has a 
second surface facing an exhaust plenum, and generally 
divides the enclosed volume betWeen the electrodes from a 
separate exhaust plenum. By arrangement of the electrodes, 
the ioniZation chamber comprises at least one enclosed 
volume bounded by at least tWo oppositely-charged elec 
trodes, and at least tWo exhaust plenums, each bounded by 
a single electrode. Each electrode further comprises at least 
one passageWay connecting the enclosed volume betWeen 
the electrodes to the exhaust plenum on the opposite side of 
the electrode, to permit gas to How through or around the 
electrode. The ioniZation chamber, including the volume 
betWeen the electrodes and the tWo exhaust plenums, may 
also be bounded, by non-electrode surfaces that may be 
either non-conductive or conductive. If other boundary 
surfaces are conductive, they are insulated from the elec 
trodes. 

[0009] Each exhaust plenum is connected to an exhaust 
port through Which an exhaust gas stream is draWn at a 
controlled rate. The gas mixture in the volume betWeen the 
electrodes is maintained at a controlled pressure that is 
generally less than atmospheric pressure, for example, a loW 
vacuum pressure. In an embodiment of the invention, gas 
pressure is maintained by adjusting a gas input valve con 
nected to the volume betWeen the electrodes, depending on 
the exhaust rate. By throttling the input valve While pumping 
gas out the exhaust port, a continuous How of loW-pressure 
gas can be draWn through the volume betWeen the electrodes 
and out the separate exhaust ports. 

[0010] The electrodes are connected to opposite terminals 
of a DC voltage source, thereby establishing a static electric 
?eld betWeen the plates. Electrode voltage should be 
selected to promote ioniZation of the gas mixture in the input 
space, While avoiding generation of any unWanted ion 
species. Optimum voltage Will depend on parameters such 
as the chemistry of the gas mixture; spacing, shape, and 
composition of the electrodes, and gas ?oW rate. In general, 
higher gas pressures may facilitate higher mass ?oW rates, 
While requiring higher electrode voltage. If gas pressure is 
too high, hoWever, separation of different ionic species may 
be impaired. 

[0011] The electric ?eld betWeen the electrodes may cause 
a portion of the gas in the input space to become ioniZed. In 
an embodiment of the invention, the rate of ioniZation is 
increased by exposing the gas in the input space to ioniZing 
radiation, such as from an ultraviolet lamp or other radiation 
source. In another embodiment, the electrodes may by 
themselves provide adequate ioniZation, Without a further 
radiation source. 

[0012] Separation of the gas species from the mixture 
proceeds as the gaseous mixture betWeen the electrodes is 
ioniZed. In many gas mixtures, different gas species of the 
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mixture Will possess a greater af?nity for electrons than 
other species of the mixture. Hence, When the gas mixture is 
ionized, the negative ions Will be made up of a proportion 
ally greater number of the gas species having a higher 
electron af?nity, depending on factors such as the electric 
?eld strength, the type of gas, and the density of the gas. For 
example, in a mixture of oxygen and nitrogen, oxygen has 
a greater af?nity for electrons, so under certain conditions, 
a greater proportion of the negative ions Will be oxygen, 
relative to the proportion of oxygen in air. Conversely, more 
of the positive ions Will be nitrogen. Creation of negative O2 
ions and positive N2 ions may predominate When the electric 
?eld is less than required to produce an arc discharge. For 
example, at atmospheric pressure, less than about 20,000 
Volts per cm. 

[0013] The oppositely charged electrodes de?ne opposite 
surfaces of the input space, and so the negative ions may 
propagate toWards the positive electrode, and the positive 
ions may propagate toWards the negative electrode. As the 
ions propagate toWards their respective electrodes, they are 
draWn through the electrode passageWays and into the 
exhaust space by suction applied through the exhaust port. 
In the process, the charged ions may be essentially neutral 
iZed by the oppositely charged electrode though Which they 
are being draWn. The gas in the exhaust space, noW enriched 
in a desired gas species relative to the mixture, is then draWn 
out the exhaust port for use in the intended application. For 
greater enrichment, tWo or more ioniZation chambers as 
described may be placed in series, With the exhaust gas from 
one chamber fed into the entry port of a second chamber in 
the series. 

[0014] A more complete understanding of the method and 
system for gas separation Will be afforded to those skilled in 
the art, as Well as a realiZation of additional advantages and 
objects thereof, by a consideration of the folloWing detailed 
description of the preferred embodiment. Reference Will be 
made to the appended sheets of draWings Which Will ?rst be 
described brie?y. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a diagram shoWing an exemplary system 
for gas separation. 

[0016] FIG. 2 is a diagram shoWing an exemplary system 
for gas separation, according to an alternative embodiment 
of the invention. 

[0017] FIG. 3 is a How diagram shoWing exemplary steps 
of a method for gas separation according to the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0018] The present invention provides a method and sys 
tem for separation of a constituent from a gaseous mixture. 
FIG. 1 shoWs a system 100 according to the invention. 
System 100 and its elements are shoWn in a simpli?ed, 
diagram format. One of ordinary skill Will be able to select 
and assemble a system according to the invention from FIG. 
1 and the accompanying description herein. 

[0019] System 100 comprises an ioniZation chamber 102 
for ioniZing a gaseous mixture. The ioniZation chamber 
comprises a generally sealed enclosure 104 having at least 
three gas ports: entry port 116, exhaust port 118, and exhaust 
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port 120. Enclosure 104 may be made of any suitable 
non-conductive material. Chamber 102 further comprises 
tWo electrodes 110, 112 (e.g., an anode and a cathode) 
spaced apart and insulated from one another. The electrodes 
are separated from each other by an enclosed volume 106. 
Entry port 116 is con?gured for discharging a gaseous 
mixture for ioniZation directly into the volume 106 betWeen 
electrodes 110, 112. Entry port 116 may be connected in 
series With an adjustment valve 122. Valve 122 may be used 
to throttle gas ?oW into the ioniZation chamber, thereby 
providing for regulation of gas pressure Within volume 106. 

[0020] In an embodiment of the invention, a source 108 of 
ioniZing radiation may be used to ioniZe gas Within the 
volume 106. For example, an ultraviolet lamp may be 
installed inside of volume 106. Other types of radiation, 
such as X-rays or alpha particles, may also be employed. In 
the alternative, source 108 may be omitted entirely, and 
ioniZation may be driven entirely by an electric ?eld that is 
created betWeen electrodes 110 and 112. It may be desirable 
to increase the strength of the electric ?eld if no source of 
ioniZing radiation is used. Conversely, use of a radiation 
source may permit loWer electrode voltages to be used, all 
other things being equal. Selection and/or omission of a 
radiation source 108 Will depend on the composition of the 
gas mixture to be processed, the desired gaseous constituent 
to be separated, the gas pressure, electric ?eld, and perhaps 
other variables. The ioniZation chamber should be con?g 
ured to ioniZe the gaseous mixture in such a Way that ions 
of a gas constituent to be separated are predominately of a 
?rst polarity, and other species present in the mixture are 
predominately neutral (i.e., not ioniZed), or predominately 
ions of an opposite polarity. For example, for separation of 
air into oxygen and nitrogen, conditions Within volume 106 
of the ioniZation chamber 102 may be con?gured to produce 
negative ions predominately comprised of O2“, and positive 
ions predominately comprised of N2". 

[0021] In general, ioniZation of gas mixtures is a complex 
phenomena that has been thoroughly studied for different 
applications. The same apparatus may yield different results, 
depending on hoW process parameters such as gas pressure, 
electric ?eld, and gas chemistry are controlled. It is not the 
object of the invention to de?ne particular process param 
eters or particular apparatus for achieving a given result. It 
is noted, hoWever, that for the separation of oxygen from air, 
O2“ ions may be produced by a “quiet and dark” ioniZation 
that occurs at a relatively loW ratios of electric ?eld strength 
to gas pressure, such as knoWn in the art of air ioniZation for 
air conditioning applications. At relatively high ratios of 
electric ?eld strength to gas pressure, positive oxygen ions 
may be produced as Well as other forms such as atomic 
oxygen or oZone, Which may be undesirable. 

[0022] Electrodes 110, 112 may be con?gured in various 
Ways. In an embodiment of the invention, the electrodes are 
conductive plates. For example, the electrodes may be 
aluminum or copper plates. The electrode plates are oriented 
parallel to one another, and are mounted Within enclosure 
104 so as to divide the enclosure into a central enclosed 
volume 106 betWeen the electrodes and tWo exhaust ple 
nums 124, 126, as shoWn in FIG. 1. Aplurality of openings 
132, 134 are provided through electrodes 110, 112, respec 
tively. The openings 132, 134 provide for ?uid communi 
cation betWeen the exhaust plenums 124, 126 and the 
volume 106 betWeen the electrodes. For example, the open 
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ings may be holes or slots through a sheet metal electrode, 
or the interstices of a Wire mesh electrode. Openings 132, 
134 may be conduits or channels, if desired. Passage of 
gaseous constituents through the electrode 110 and/or elec 
trode 112 may be assisted by the phenomena of ion Wind, 
particularly if openings 132, 134 are relatively large. 

[0023] Electrodes 110, 112 should be spaced apart far 
enough so that gas adjacent to one electrode, e.g., electrode 
110, is not likely to be suctioned into the exhaust plenum 
belonging to the opposite electrode, e.g., plenum 126 of 
electrode 112. At the same time, the electrodes should not be 
spaced too far apart, as this Will Weaken the electric ?eld and 
make separation of ions less likely. In other Words, in 
selecting an appropriate spacing and con?guration of the 
electrode, the ?uid dynamics created by pump suction 
should be considered as Well as the electric ?eld betWeen the 
electrodes. 

[0024] Pumps 128, 130 are connected to exhaust ports 
118, 120, and may be operated to create suction in exhaust 
plenums 124, 126, respectively. Any suitable vacuum or 
suction pump may be used, depending on the intended mass 
?oW rate through the system, the desired vacuum pressure in 
chamber 102, and the electric ?eld voltage. The How of gas 
into and out of system 100 is controlled by intake valve 122 
and the operation of pumps 128, 130 and indicated by 
arroWs 136, 138, and 140. A gaseous mixture is draWn into 
the ioniZation chamber 102 as shoWn by arroW 136, because 
of suction provided by pumps 128 and 130. Gas pressure 
Within volume 106 may be controlled by adjusting valve 
122. Gas Within the volume 106 is ioniZed, and ions of 
opposite polarity tend to propagate in opposite directions, 
toWards an oppositely-charged one of electrodes 110, 112. A 
portion of the gas passes through electrode 110, and is 
discharged through exhaust port 118, as indicated by arroW 
138. The balance of gas ?oW passes through electrode 112 
and is discharged through exhaust port 120, as indicated by 
arroW 140. Provided that chamber 102 is substantially sealed 
except for the gas ports, the inlet mass ?oW rate 136 Will 
equal the sum of the exhaust ?oWs 138, 140. 

[0025] An electric ?eld of static polarity is maintained 
betWeen electrodes 110, 112 by DC poWer source 114. Any 
suitable source of direct current (DC) poWer may be used, 
such as a discrete poWer supply. PoWer source 114 should be 
capable of maintaining the desired electrode voltage across 
the electrodes at a sustained poWer level. Fairly substantial 
poWer may be required to support sustained gas separation 
mass ?oWs, as the mass ?oW rate of separated gas should be 
directly related to the electric current passing betWeen 
electrodes 110, 112. In an exemplary system for automotive 
use, poWer source 114 may comprise a connection to an 
automotive DC poWer system, an inverter to convert loW 
voltage direct current to nominally 110 V alternating current, 
a transformer to step up 110 VAC to at least about 220 VAC, 
or higher, and a recti?er/?lter to convert 220 VAC to stable 
direct current at a nominal voltage of about 200 VDC, or 
higher. MeanWhile, the poWer source 114 may be tapped at 
110 or 220 VAC to poWer pumps 128, 130. For stationary or 
other application Where high-voltage alternating current is 
available, the poWer source may simply comprise a recti?er/ 
?lter connected to the alternating current source. 

[0026] For a given con?guration of electrodes and voltage 
supplied to the electrodes, the voltage of the electric ?eld 
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may be related to the mass How of gas through the ioniZation 
chamber. Using an apparatus of the type shoWn in FIG. 1 
open to an ambient air environment, a voltage difference 
betWeen the electrodes may decrease from an initial voltage 
measured When the ioniZation chamber is at atmospheric 
pressure. As gas is pumped out from the chamber and the 
input valve is restricted, pressure in the chamber Will be 
reduced. Surprisingly, the voltage difference betWeen the 
electrodes Will decrease as the exhaust pump speed is 
increased, until a certain vacuum level is obtained in the 
ioniZation chamber. That is, the maximum voltage drop is a 
function of the pump speed and input ?oW rate. As the input 
valve is increasingly restricted, the maximum voltage drop 
Will be observed at progressively sloWer pump speeds. The 
extent of voltage drop Will depend on the characteristics of 
the voltage source, and is believed related to an electric 
current created by ioniZed gas ?oW betWeen the electrodes. 
At pressures beloW the vacuum level at Which a maximum 
voltage drop is observed, the voltage difference Will again 
increase as the mass How of gas betWeen the electrodes 
decreases. Also, if the experiments are repeated With an 
ultra-violet radiation source in the ioniZation chamber, the 
observed voltage drop Will be greater than observed under 
the same conditions Without a radiation source. 

[0027] It can further be demonstrated that the observed 
voltage drops are not merely a function of pressure Within 
the ioniZation chamber. Surprisingly, in a system open to 
ambient air, the observed voltage drop depends on the 
relative speed of the tWo exhaust pumps. In particular, the 
out?oW through the exhaust pump associated With the 
negative electrode has a greater effect than the out?oW 
through the pump associated With the positive electrode. 
That is, for a given total exhaust pump speed and input valve 
setting, a greater voltage drop is observed When the exhaust 
pump associated With the negative electrode is operated at a 
higher speed than the pump associated With the positive 
electrode. These results are believed consistent With produc 
tion of positive nitrogen ions and negative oxygen ions in an 
ambient air environment. 

[0028] In an alternative embodiment, one or more exhaust 
plenums may be essentially enclosed by an electrode, such 
as in system 200, comprising an ioniZation chamber 202 
With nested cylindrical electrodes 210, 212, as shoWn in 
FIG. 2. Such a con?guration may make more ef?cient use 
of available space. Electrode 212 is in the form of a holloW 
cylinder, nested inside the opposite electrode 210, also a 
holloW cylinder. Electrodes 210, 212 are enclosed in an 
enclosure 204 and connected to a DC poWer source 214, 
similarly to system 100. An input gas mixture may be 
introduced into a volume 206 disposed betWeen electrodes 
210, 212 through entry port 216, as indicated by arroW 236. 
An electric ?eld may be maintained across volume 206 by 
electrodes 210, 212. Exhaust plenum 226 is surrounded by 
the interior surfaces of electrode 212. Gas in plenum 226 
may be exhausted by applying suction at exhaust port 220, 
With the How of exhaust gas as indicated by arroW 240. A 
second exhaust plenum 224 is bounded by an outer surface 
of electrode 210 and the Walls of enclosure 204. Gas in 
plenum 224 may be exhausted by applying suction at 
exhaust port 218, With the How of exhaust gas as indicated 
by arroW 238. Other details of system 200 may be as 
previously described for system 100. It should be apparent 
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that numerous other con?gurations for a system according to 
the invention are possible, consistent With the examples 
presented herein. 

[0029] Referring to FIG. 3, exemplary steps of a method 
300 for separating a gas are diagrammed. Method 300 may 
be performed using any of the systems disclosed herein, or 
any other suitable equipment. Steps 302-308 are performed 
continuously and concurrently as a continuous method. At 
step 302, a gaseous mixture is introduced through an entry 
port into an enclosed ioniZation chamber. Optionally, the 
pressure of the mixture is reduced and regulated by a throttle 
valve in-line With the entry port. The ioniZation chamber 
comprises oppositely-charged electrodes of static polarity 
separated by a volume for containing the gaseous mixture. 
One of the electrodes is a cathode and the other is an anode. 

[0030] At step 304, gas betWeen the anode and cathode is 
ioniZed. IoniZation may be driven by an electric ?eld 
betWeen the anode and cathode, by a separate radiation 
source, or by some combination of radiation and an electric 
?eld. As a result of the ioniZation, a constituent of the gas 
mixture is attracted toWards one of the anode or the cathode. 
The balance of the mixture is attracted to the opposite 
electrode, or is unaffected by the electric ?eld. 

[0031] At step 306, gas adjacent to the anode is pumped 
out and discharged from the ioniZation chamber. This may 
be performed by applying suction to an exhaust plenum 
disposed against the anode, using any suitable pump. Simi 
larly, at step 308, gas adjacent to the cathode is pumped out 
and discharged from the ioniZation chamber. Again, an 
exhaust plenum disposed against the cathode and suctioned 
by a suitable pump may be used to carry out this step. Gas 
pumped from the cathode is pumped in a separate gas stream 
segregated from gas pumped from the anode. Mass How of 
gas into the ioniZation chamber should be equal to the sum 
of mass ?oWs pumped from the anode and cathode. Under 
proper conditions, gas adjacent to at least one of the cathode 
or the anode Will be enriched With respect to at least one 
gaseous constituent. Hence, at least one of the exhaust 
streams pumped from the anode or cathode Will be enriched 
With respect to a gaseous constituent. 

[0032] Having thus described a preferred embodiment of 
a method and system for gas separation, it should be 
apparent to those skilled in the art that certain advantages of 
the Within system have been achieved. It should also be 
appreciated that various modi?cations, adaptations, and 
alternative embodiments thereof may be made Within the 
scope and spirit of the present invention. For example, an 
open system for separation of oxygen and nitrogen from air, 
and method for using the system, have been illustrated, but 
it should be apparent that the inventive concepts described 
above Would be equally applicable to separation of other 
gaseous constituents from other mixtures. For further 
example, it should be apparent that a system according to the 
invention may be used in connection With various different 
applications, including but not limited to combustion pro 
cesses such as internal combustion engines, air conditioning, 
industrial processes and ?re suppression. The invention is 
further de?ned by the folloWing claims. 

What is claimed is: 
1. A method of separating a gaseous constituent from a 

gaseous mixture in a continuous process, comprising con 
tinuous and concurrent steps of: 
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introducing the gaseous mixture through an entry port into 
an enclosed ioniZation chamber, the ioniZation chamber 
comprising oppositely-charged electrodes of static 
polarity separated by a volume for containing the 
gaseous mixture; 

ioniZing the gaseous mixture betWeen the oppositely 
charged electrodes, Whereby ions of a gaseous constitu 
ent are draWn toWards one of the oppositely-charged 
electrodes of opposite polarity to the ions, and aWay 
from another of the oppositely-charged electrodes of 
same polarity to the ions; 

pumping the gaseous constituent out of the volume 
through a ?rst passage adjoining the one of the oppo 
sitely-charged electrodes of opposite polarity to the 
ions, the ?rst passage separate from the entry port; and 

pumping a balance of the gaseous mixture out of the 
volume through a second passage adjoining the another 
of the oppositely-charged electrodes of same polarity to 
the ions, the second passage separate from the entry 
port. 

2. The method of claim 1, Wherein the ioniZing step 
further comprises exposing the gaseous mixture to ioniZing 
radiation from a radiation source. 

3. The method of claim 2, Wherein the exposing step 
further comprises exposing the gaseous mixture to ultravio 
let radiation. 

4. The method of claim 1, Wherein the introducing step 
further comprises reducing a static pressure of the gaseous 
mixture by throttling the entry port. 

5. The method of claim 4, Wherein the introducing step 
further comprises introducing the gaseous mixture compris 
ing ambient air reduced to a static pressure substantially 
beloW atmospheric pressure. 

6. The method of claim 5, Wherein the introducing step 
further comprises reducing the static pressure to a pressure 
not less than one torr. 

7. The method of claim 5, Wherein the ?rst pumping step 
further comprises pumping the gaseous constituent as an 
enriched mixture having a greater concentration of oxygen 
than in the ambient air. 

8. The method of claim 5, Wherein the ?rst pumping step 
further comprises pumping the gaseous constituent as an 
enriched mixture having a greater concentration of nitrogen 
than in the ambient air. 

9. The method of claim 5, Wherein the ?rst pumping step 
further comprises pumping the gaseous constituent through 
the ?rst passage, Wherein the ?rst passage comprises a 
plurality of openings through the one of the oppositely 
charged electrodes. 

10. The method of claim 1, Wherein the ?rst pumping step 
further comprises pumping the gaseous constituent through 
the ?rst passage, Wherein the ?rst passage comprises a 
plurality of channels through the one of the oppositely 
charged electrodes. 

11. The method of claim 1, Wherein the introducing step 
further comprises introducing the gaseous mixture into an 
ioniZation chamber Wherein the oppositely-charged elec 
trodes comprise spaced-apart parallel plates. 

12. The method of claim 1, Wherein the introducing step 
further comprises introducing the gaseous mixture into an 
ioniZation chamber Wherein the oppositely-charged elec 
trodes comprise nested cylindrical sheets. 
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13. The method of claim 1, wherein the ?rst pumping step 
further comprises pumping the gaseous constituent through 
the ?rst passage into a plenum on a side of the electrode 
opposite from the volume; and out from the plenum through 
an exhaust port. 

14. A system for separating a gaseous constituent from a 
gaseous mixture, comprising: 

an ioniZation chamber having an entry port for discharg 
ing the gaseous mixture into a substantially enclosed 
volume, the volume disposed betWeen an anode and a 
cathode; 

?rst suction means disposed against the anode, for suc 
tioning the gaseous mixture from the substantially 
enclosed volume through the anode; and 

second suction means disposed against the cathode, for 
suctioning the gaseous mixture from the substantially 
enclosed volume through the cathode. 

15. The system of claim 14, further comprising a source 
of direct current connected to the anode and the cathode. 

16. A system for separating a gaseous constituent from a 
gaseous mixture, comprising: 

an ioniZation chamber having an entry port for discharg 
ing the gaseous mixture into a substantially enclosed 
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volume, the volume disposed betWeen an anode and a 
cathode; 

a ?rst suction plenum separated from the enclosed volume 
by the cathode, in ?uid communication With the 
enclosed volume; and 

a second suction plenum separated from the enclosed 
volume by the anode, in ?uid communication With the 
enclosed volume. 

17. The system of claim 16, further comprising a ?rst 
suction port in ?uid communication With the ?rst suction 
plenum, and a second suction port in ?uid communication 
With the second suction plenum. 

18. The system of claim 16, further comprising an adjust 
able valve in series With the entry port. 

19. The system of claim 16, further comprising a ?rst 
plurality of passages through the cathode, for providing ?uid 
communication betWeen the enclosed volume and the ?rst 
suction plenum. 

20. The system of claim 19, further comprising a second 
plurality of passages through the cathode, for providing ?uid 
communication betWeen the enclosed volume and the ?rst 
suction plenum. 


