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System for producing an oxygen-rich gas comprising (a) a 
primary gas mover including a first and a Second compres 
Sor, wherein the primary gas mover is characterized by a 
weight W.; (b) a drive motor adapted to drive the first and 
Second compressors; (c) a rechargeable power Supply char 
acterized by a weight, W.; and (d) a pressure/vacuum Swing 
adsorption unit adapted to Separate the preSSurized feed air 
into an oxygen-rich product at a product flow rate F, and an 
oxygen-depleted waste gas, wherein the adsorption unit 
comprises a plurality of adsorber beds containing an adsor 
bent and characterized by a total adsorbent weight W.; and 
wherein the combined weight, W., of the adsorbent, the 
primary gas mover, and the rechargeable power Supply is 
characterized by the expression 

0.75 F-W-2.02 F. 
where F is in liters per min (at 23° C. and 1 atma pressure), 
and W, W, and W., are in pounds. 
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WEIGHTOPTIMIZED PORTABLE OXYGEN 
CONCENTRATOR 

BACKGROUND OF THE INVENTION 

0001. The Supply of therapeutic oxygen to patients in 
homes and other residential Settings is an important and 
growing market in the health care industry. A Segment of this 
market includes the development and commercialization of 
portable oxygen concentrators, particularly units that can be 
carried easily by patients requiring continuous oxygen 
therapy. A portable and easily-carried oxygen Supply may be 
provided by Stored liquid or compressed oxygen with an 
appropriate vaporization or pressure regulation System and a 
gas delivery cannula. Alternatively and preferably, oxygen 
may be Supplied by a Small air Separation device carried by 
the patient that Supplies gaseous oxygen at the desired 
purity, flow rate, and pressure. Power for operating the 
device can be provided by a rechargeable power Supply, 
typically a rechargeable battery. The Small air Separation 
device may be an adsorption-based System using a pressure 
Swing adsorption (PSA) process. 
0002 Respiratory oxygen usage rates typically range up 
to about 5 lpm (liters per minute at 23° C. and 1 atma 
pressure) for ambulatory patients with moderate oxygen 
requirements. The design of an easily-carried, rechargeable, 
portable oxygen concentrator in this product range should 
achieve an appropriate balance among product gas flow rate, 
Weight, and power Supply life or run time (i.e., the operating 
time between power Supply recharges). This balance 
requires the proper choice of numerous operating and design 
parameters and presents a Significant challenge to engineer 
ing designers. In a Small adsorptive air Separation unit, for 
example, design parameters may include product purity, 
product delivery pressure, type of process cycle, proceSS 
cycle preSSure envelope, adsorbent, number and dimensions 
of adsorbent beds, type of gas mover, type of power Supply, 
gas flow control methods, electrical control Systems, and 
materials of construction. 

0003. There is a need in the art for methods to design 
portable adsorption-based oxygen generation Systems that 
provide the required gas Supply rates and run times with 
minimum System weight. This need can be met by optimi 
Zation methods that enable designers to balance these 
requirements while Specifying appropriate proceSS and 
mechanical parameters for these Systems. 

BRIEF SUMMARY OF THE INVENTION 

0004. This need for optimized design of small, easily 
carried, adsorption-based oxygen concentrators is met by the 
various embodiments of the present invention. AS described 
in detail herein, it has been found that a minimum weight 
range can be determined for an adsorption-based System for 
any operable combination of product flow rate, product 
purity, product delivery pressure, and run time. This may be 
achieved by determining the weight of each variable-weight 
System component as a function of a Selected proceSS 
parameter, adding the weights of these components at vari 
ous values of the Selected parameter, and generating a curve 
of variable weight VS. the Selected parameter. This curve 
generally exhibits a minimum weight in a preferred range of 
the Selected process parameter. The Selected process param 
eter is the minimum bed pressure during the process cycle. 
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0005. An embodiment of the invention relates to a system 
for producing an oxygen-rich gas comprising 

0006 (a) a primary gas mover including a first 
compressor adapted to compress atmospheric air to 
provide pressurized feed air and a Second compres 
Sor adapted to compress a waste gas from Subatmo 
Spheric preSSure to atmospheric pressure, wherein 
the primary gas mover is characterized by a weight 
W; 

0007 (b) a drive motor adapted to drive the first and 
Second compressors, 

0008 (c) a rechargeable power supply adapted to 
Supply power to the drive motor, wherein the 
rechargeable power Supply is characterized by a 
weight W, and 

0009 (d) a pressure/vacuum Swing adsorption unit 
adapted to Separate the pressurized feed air into an 
oxygen-rich product at a product flow rate F and an 
oxygen-depleted waste gas, wherein the adsorption 
unit comprises a plurality of adsorber beds contain 
ing an adsorbent, wherein the total amount of the 
adsorbent contained in the adsorber beds is charac 
terized by a total adsorbent weight W.; 

0010 wherein the combined weight, W., of the adsor 
bent, the primary gas mover, and the rechargeable power 
Supply may be characterized by the expression 

0.75 F-W-2.02 F. 
(0011) where F is in liters per min (at 23° C. and 1 atma 
pressure) and W, W, and W., are in pounds. 
0012. The battery may be characterized by an operating 
run time in hours, t, between maximum and minimum 
working charge, and the System may be further characterized 
by any of the expressions 

0.21 F<W,<0.61 F. 
0.36 F-W-0.70 F. 
0.18 F<W<0.71 F, and 
0.10 Ft-W-0.40 Ft. 

0013 The plurality of adsorber beds may comprise four 
or more beds, and may consist of four beds. 
0014. Each of the first and second compressors may be 
Selected from the group consisting of Scroll, diaphragm, 
piston, and rotary Vane compressors. The first and Second 
compressors may be Scroll-type compressors. The System 
may further comprise a conserver. 
0015 The system may have a total weight of less than 12 
pounds, may have a total weight of less than 10 pounds, and 
may have a total weight of less than 8 pounds. 
0016. The adsorbent may be selected from the group 
consisting of Zeolite X exchanged with one or more metallic 
cations Selected from the group consisting of lithium, cal 
cium, Zinc, copper, Sodium, potassium, and Silver. The 
adsorber beds may further comprise an additional adsorbent 
Selective for the adsorption of water and carbon dioxide 
from air and wherein the additional adsorbent is selected 
from the group consisting of (1) activated alumina and (2) 
Zeolite X exchanged with one or more metallic cations 
Selected from the group consisting of lithium, Sodium, and 
potassium. 
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0.017. The rechargeable power Supply may be a battery. 
Alternatively, the rechargeable power Supply may be a fuel 
cell. 

0.018. The system may further comprise an external case 
Surrounding the primary gas mover, drive motor, recharge 
able power Supply, and preSSure/vacuum Swing adsorption 
System, and a user display/control panel mounted on the 
outer Side of the case. This System may have a total weight 
of less than 12 pounds, may have a total weight of less than 
10 pounds, and may have a total weight of less than 8 
pounds. 
0019. The system for producing an oxygen-rich gas may 
comprise 

0020 (a) a primary gas mover including a first 
compressor adapted to compress atmospheric air to 
provide pressurized feed air and a Second compres 
Sor adapted to compress a waste gas from Subatmo 
Spheric pressure to atmospheric preSSure, wherein 
the primary gas mover is characterized by a weight 
W; 

0021 (b) a drive motor adapted to drive the first and 
Second compressors, 

0022 (c) a rechargeable power Supply adapted to 
Supply power to the drive motor, wherein the 
rechargeable power Supply is characterized by a 
weight, W, and an operating run time, t, between 
maximum and minimum working charge; and 

0023 (d) a pressure/vacuum Swing adsorption unit 
adapted to Separate the pressurized feed air into an 
oxygen-rich product at a product flow rate F, and an 
oxygen-depleted waste gas, wherein the adsorption 
unit comprises a plurality of adsorber beds contain 
ing adsorbent, wherein the total amount of the adsor 
bent contained in the adsorber beds is characterized 
by a total adsorbent weight W, 

0024 wherein the system may be characterized by any of 
the expressions 

0.21 F-W,<0.61 F. 
0.36 F-W-0.70 F. 
0.18 F<W<0.71 F, and 
0.10 F ,<W<0.40 Ft. 

0025) where F is in liters per min (at 23° C. and 1 atma 
pressure), t, is in hours, and W, W and W., are in pounds. 
0026. The system may further comprise additional ele 
ments including electrical wiring and control Systems, a case 
or housing, and a user display/control panel mounted on the 
outer Side of the housing, wherein the oxygen generation 
System and the additional elements are combined to form a 
portable oxygen concentrator, and means for the user to 
carry the portable concentrator unit. 
0027. Another embodiment of the invention pertains to a 
method for producing an oxygen-rich product gas compris 
ing 

0028 (a) providing a primary gas mover including a 
first compressor for compressing atmospheric air to 
provide pressurized feed air and a Second compres 
Sor adapted to compress an oxygen-depleted waste 
gas from Subatmospheric pressure to atmospheric 
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preSSure, a drive motor for driving the first and 
Second compressors, and a rechargeable battery for 
providing power to the drive motor, wherein the 
rechargeable power Supply is characterized by an 
operating run time between maximum and minimum 
Working charge, 

0029 (b) providing a pressure/vacuum Swing 
adsorption System adapted to Separate the preSSur 
ized feed air into the oxygen-rich product gas and the 
oxygen-depleted waste gas, wherein the adsorption 
System comprises a plurality of adsorber beds con 
taining adsorbent, and 

0030) (c) operating each of the adsorber beds in turn 
through an adsorption cycle including at least the 
repeating Steps of feed/provide product, depressur 
ization, evacuation, and repressurization; 

0031 wherein the method may be characterized by any of 
the operating parameters 

0032 (1) the rechargeable battery provides between 
0.02 and 0.17 KWh of power during the operating 
run time between maximum and minimum working 
charge, 

0033 (2) the total working capacity of the adsorbent 
in each adsorber bed during the adsorption cycle is 
between 1.2x10" and 6.7x10" lbmoles of nitrogen; 

0034 (3) the first compressor moves between 1.14x 
10" and 4.01x10" lbmoles of pressurized feed air 
during the feed/provide product Step; and 

0035 (4) the second compressor moves between 
3.47x1.04 and 9.96x10" lbmoles of waste gas dur 
ing the depressurization and evacuation Steps. 

0036) The pressure/vacuum Swing adsorption system 
may have four adsorber beds and each of the adsorber beds 
may undergo in turn a Series of adsorption cycle Steps which 
comprise 

0037 (A) a feed/make product step wherein the 
preSSurized feed air is introduced into a feed end of 
the bed while the oxygen-enriched product gas is 
withdrawn from a product end of the bed; 

0038 (B) a feed/make product/provide repressuriza 
tion Step wherein the preSSurized feed air is intro 
duced into a feed end of the bed while an oxygen 
enriched product gas is withdrawn from a product 
end of the bed, and wherein a portion of the product 
gas is used for pressurizing another bed undergoing 
its final repressurization Step; 

0039 (C) a depressurization step in which the bed is 
depressurized by withdrawing gas therefrom, 
wherein at least a portion of the gas withdrawn 
therefrom is transferred to another bed undergoing a 
repressurization Step; 

0040 (D) a provide purge step in which the bed is 
further depressurized by withdrawing gas therefrom, 
wherein at least a portion of the gas withdrawn 
therefrom is transferred to another bed undergoing a 
purge Step, 

0041 (E) an evacuation step in which gas is with 
drawn from the feed end of the bed until the bed 
reaches a minimum Subatmospheric bed pressure; 
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0042 (F) a purge step in which the bed is purged by 
introducing purge gas into the product end of the bed 
while continuing to evacuate the bed, wherein the 
purge gas is provided from another bed undergoing 
step (D); 

0043 (G) a repressurization step in which pressur 
ization gas is introduced into the product end of the 
bed, wherein the pressurization gas is provided from 
another bed undergoing step (C); and 

0044 (H) a final repressurization step in which 
product gas from another bed is introduced into the 
product end of the bed. 

004.5 The minimum bed pressure may be between 0.25 
and 1.0 atma, and may be between 0.45 and 0.8 atma. The 
preSSure of the oxygen-enriched product gas may be 
between 1.2 and 1.6 atma. The oxygen-enriched product gas 
may be provided at a flow rate in the range of 0.5 to 3.0 liters 
per min (defined at 23° C. and 1 atma pressure). 
0046) An alternative embodiment of the invention is 
directed to a method for producing an oxygen-rich product 
gas comprising 

0047 (a) providing a primary gas mover including a 
first compressor for compressing atmospheric air to 
provide pressurized feed air and a Second compres 
Sor adapted to compress an oxygen-depleted waste 
gas from Subatmospheric pressure to atmospheric 
pressure, a drive motor for driving the first and 
Second compressors, and a rechargeable battery for 
providing power to the drive motor, wherein the 
rechargeable power Supply is characterized by an 
operating run time between maximum and minimum 
Working charge, 

0048 (b) providing a pressure/vacuum Swing 
adsorption unit adapted to Separate the pressurized 
feed air into the oxygen-rich product gas and the 
oxygen-depleted waste gas, wherein the adsorption 
unit comprises a plurality of adsorber beds contain 
ing adsorbent Selective for the adsorption of nitrogen 
from air; and 

0049) (c) operating each of the adsorber beds in turn 
through an adsorption cycle including at least the 
repeating Steps of feed/provide product, depressur 
ization, evacuation, and repressurization; 

0050 wherein the minimum pressure in the evacuation 
step may be between 0.35 and 1.00 atma. 
0051. Another embodiment of the invention relates to a 
method for the design of a portable pressure/vacuum Swing 
adsorption oxygen concentrator System comprising 

0052 (a) defining design parameters including at 
least a product flow rate, a product purity, a product 
delivery preSSure, a pressure/vacuum Swing adsorp 
tion process cycle, the number of adsorber vessels, 
an adsorbent contained in the adsorber vessels, the 
type of gas mover, the type of regenerable power 
Supply to provide power to the drive motor, and the 
run time of the regenerable power Supply between 
maximum and minimum working charge, 

0053 (b) selecting a series of minimum bed pres 
Sures preSSures below atmospheric pressure and 
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determining for each of the minimum bed preSSures 
the required weights of the gas mover, the power 
Supply, and the adsorbent contained in the adsorber 
vessels, wherein each minimum bed pressure is a 
lowest bed preSSure in the pressure/vacuum Swing 
adsorption process cycle; 

0054 (c) adding the weights of the adsorbent, the 
gas mover, and the power Supply determined in (b) 
for each value of the minimum bed pressure to 
provide a total weight of the adsorbent, the gas 
mover, and the power Supply as a function of the 
minimum bed preSSure, and 

0055 (d) selecting a range of the minimum bed 
preSSures that corresponds to a range of minimum 
combined weight of the adsorbent, the gas mover, 
and the power Supply. 

0056. The range of minimum bed pressures may be 
between 0.45 and 0.8 atma. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF 
THE DRAWINGS 

0057 FIG. 1 is a schematic flow diagram of an exem 
plary pressure/vacuum Swing adsorption System for embodi 
ments of the present invention. 
0.058 FIG. 2 is a plot of individual component variable 
weights and total component variable weight VS. minimum 
bed pressure for a five bed PVSA system illustrating a first 
embodiment of the invention. 

0059 FIG. 3 is a plot of individual component variable 
weights and total component variable weight VS. minimum 
bed pressure for a five bed PVSA system illustrating a 
Second embodiment of the invention. 

0060 FIG. 4 is a plot of individual component variable 
weights and total component variable weight VS. minimum 
bed pressure for a five bed PVSA system illustrating a third 
embodiment of the invention. 

0061 FIG. 5 is a plot of individual component variable 
weights and total component variable weight VS. minimum 
bed pressure for a five bed PVSA system illustrating a fourth 
embodiment of the invention. 

0062 FIG. 6 is a plot of individual component variable 
weights and total component variable weight VS. minimum 
bed pressure for a five bed PVSA system illustrating a fifth 
embodiment of the invention. 

0063 FIG. 7 is a plot of individual component variable 
weights and total component variable weight VS. minimum 
bed pressure for a five bed PVSA system illustrating a sixth 
embodiment of the invention. 

0064 FIG. 8 is a plot of individual component variable 
weights and total component variable weight VS. minimum 
bed pressure for a five bed PVSA system illustrating a 
Seventh embodiment of the invention. 

0065 FIG. 9 is a plot of individual component variable 
weights and total component variable weight VS. minimum 
bed pressure for a five bed PVSA system illustrating an 
eighth embodiment of the invention. 
0.066 FIG. 10 is a plot of individual component variable 
weights and total component variable weight VS. minimum 
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bed pressure for a four bed PVSA system illustrating a first 
alternative embodiment of the invention. 

0067 FIG. 11 is a plot of individual component variable 
weights and total component variable weight VS. minimum 
bed pressure for a four bed PVSA system illustrating a 
Second alternative embodiment of the invention. 

0068 FIG. 12 is a plot of individual component variable 
weights and total component variable weight VS. minimum 
bed pressure for a four bed PVSA system illustrating a third 
alternative embodiment of the invention. 

0069 FIG. 13 is a plot of individual component variable 
weights and total component variable weight VS. minimum 
bed pressure for a four bed PVSA system illustrating a fourth 
alternative embodiment of the invention. 

0070 FIG. 14 is a plot of individual component variable 
weights and total component variable weight VS. minimum 
bed pressure for a four bed PVSA system illustrating a fifth 
alternative embodiment of the invention. 

0071 FIG. 15 is a plot of individual component variable 
weights and total component variable weight VS. minimum 
bed pressure for a four bed PVSA system illustrating a sixth 
alternative embodiment of the invention. 

0072 FIG. 16 is a plot of individual component variable 
weights and total component variable weight VS. minimum 
bed pressure for a four bed PVSA system illustrating a 
seventh alternative embodiment of the invention. 

0073 FIG. 17 is a plot of individual component variable 
weights and total component variable weight VS. minimum 
bed pressure for a four bed PVSA system illustrating an 
eighth alternative embodiment of the invention. 
0.074 FIG. 18 is a plot of adsorbent weights vs. product 
flow rate for Examples 1-16. 

0075 FIG. 19 is a plot of the weights of the primary gas 
mover vs. product flow rate for Examples 1-16. 

0076 FIG. 20 is a plot of the battery weights vs. product 
flow rate for Examples 1-16. 

0077 FIG. 21 is a plot of the time-normalized battery 
weights VS. product flow rate for Examples 1-16. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0078. The embodiments of the invention described herein 
are directed to methods for designing and optimizing the 
weight of Small pressure/vacuum Swing adsorption (PVSA) 
Systems utilized, for example, in portable and user-carried 
medical oxygen concentrator Systems. It was found in the 
development of the embodiments of the present invention 
that a minimum weight or desirable range of weights can be 
determined for the PVSA system for any operable combi 
nation of product flow rate, product purity, product delivery 
preSSure, and run time. This may be achieved by determining 
the weight of each variable-weight System component as a 
function of a Selected process parameter, adding the weights 
of these components at various values of the Selected 
parameter, and generating a curve of variable weight VS. the 
Selected parameter. This curve generally exhibits a desirable 
minimum weight or range of minimum weights as a function 
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of the Selected process parameter. This Selected process 
parameter may be the minimum bed pressure during regen 
eration in the PVSA cycle. 

0079. In the PVSA process described herein, the adsorber 
bed preSSures vary between Superatmospheric preSSure and 
Subatmospheric pressure during each cycle as described 
below. This differs from a pressure Swing adsorption (PSA) 
process in which the operating pressure range includes bed 
preSSures above atmospheric pressure and may include bed 
preSSures approaching atmospheric preSSure at the end of the 
depressurization Step. Subatmospheric preSSures are not 
utilized in a PSA process. 

0080. An exemplary PVSA process and system that may 
be designed according to embodiments of the invention is 
shown for the purpose of illustration in FIG.1. Atmospheric 
air 1 is drawn through filter 3, inlet silencer 5, and line 7 by 
first or feed air compressor 9. Feed air compressor 9 is a part 
of primary gas mover 11 which also includes drive motor 13 
and Second or vacuum waste gas compressor 15. PreSSurized 
feed air at 1.15 to 1.80 atma is discharged from the com 
pressor and flows through air feed line 17 to rotary valve 
assembly 19, which is in flow communication with adsorber 
bed feed lines 21, 23, 25, 27, and 29, adsorber bed product 
lines 31,33,35, 37, and 39, air feed line 17, product line 51, 
and waste gas line 53. In this exemplary PVSA system, five 
adsorber beds 41, 43, 45, 47, and 49 are used, although any 
number of multiple beds may be used. An optional product 
gas storage tank (not shown) may be used if desired. A 
cannula (not shown) may be connected to product line 51 to 
deliver product gas to the user. 

0081. Each adsorber bed contains adsorbent selective for 
the adsorption of water, carbon dioxide, and nitrogen from 
air. This adsorbent may be Selected from the group consist 
ing of Zeolite X exchanged with one or more metallic cations 
Selected from the group consisting of lithium, calcium, Zinc, 
copper, Sodium, potassium, and Silver. The Zeolite X may 
have a ratio of silicon to aluminum of about 1 to about 1.25. 
The adsorbent may be formed into beads, extrudates, or 
other shapes known in the art, using binder materials or 
without binder materials (also known as binderless). The 
adsorbent typically adsorbs water and carbon dioxide more 
Strongly than nitrogen, and therefore the initial adsorbent 
adjacent to the feed air inlet of an adsorber will preferen 
tially remove water and carbon dioxide. Dry, carbon diox 
ide-free air from this initial adsorbent region then passes to 
the remainder of the adsorbent in the adsorber, where the 
nitrogen is Selectively adsorbed to provide the oxygen 
enriched product gas. The initial adsorbent adjacent to the 
feed air inlet thereby provides pretreatment by removing 
water and carbon dioxide prior to nitrogen removal. 

0082 Optionally, each adsorber bed also may contain 
pretreatment adsorbent Selective for the adsorption of water 
and carbon dioxide from air, and this adsorbent may be 
Selected from the group consisting of (1) activated alumina 
and (2) Zeolite X exchanged with one or more metallic 
cations Selected from the group consisting of lithium, 
Sodium, and potassium. Typically, the water-Selective adsor 
bent (if used) would form a layer located adjacent the feed 
end of the adsorber bed and may comprise 10 to 40% of the 
total adsorbent in the adsorber bed. In this option, the 
remainder of the bed would contain the adsorbent described 
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above and would selectively adsorb nitrogen from the water 
and carbon dioxide-free air from the pretreatment adsorbent 
layer. 

0.083 Vacuum waste gas compressor 15 withdraws oxy 
gen-depleted PVSA waste gas through line 53, typically at 
Subatmospheric preSSure, and discharges the gas via line 57 
and silencer 57 to the atmosphere. Electric power for drive 
motor 13 is provided by rechargeable power supply 59, 
which may be a rechargeable battery of any type known in 
the art. Alternatively, the rechargeable power Supply may be 
a portable fuel cell System comprising a fuel cell and 
portable fuel Storage means. The fuel may be hydrogen or 
methanol. 

0084. Feed air compressor 9 and vacuum waste gas 
compressor 15 may be any type of compressor known in the 
art and may be Selected from Scroll, diaphragm, piston, and 
rotary Vane compressors. The feed air and vacuum waste gas 
compressors may be driven in tandem by a single drive 
motor and may be driven by a common drive shaft. Scroll 
compressors are well-Suited for Service with the air Separa 
tion device described herein. Feed air compressor 9 and 
Vacuum waste gas compressor 15 may be combined in a 
Single combined Scroll-type primary gas mover. 
0085 Rotary valve assembly 19 is designed for a specific 
PVSA cycle and a specific number of adsorber beds. The 
assembly includes a first rotary valve connected to lines 21, 
23, 25, 27, and 29 that are attached to the feed ends of 
adsorbent beds 41, 43, 45, 47, and 49, respectively. The first 
rotary valve also is connected to air feed line 17 and waste 
gas line 53. This first rotary valve enables appropriate flow 
communication among any of the feed ends of the adsorbent 
beds, the air feed line, and the waste gas line according to 
predetermined process cycle StepS as described below. A 
second rotary valve is connected to lines 31, 33,35, 37, and 
39 that are attached to the product ends of the adsorbent 
beds, respectively, and also is connected to product line 51. 
This Second rotary valve enables appropriate flow commu 
nication among any of the product ends of the adsorbent 
beds and the product line according to predetermined pro 
ceSS cycle StepS as described below. The two rotary valves 
may be operated by a single drive motor and may rotate at 
the same rotational rate. Rotary valves of this type are 
described, for example, in a copending United States patent 
application having Ser. No. 10/295,144 filed on Nov. 15, 
2002. This patent application is incorporated herein by 
reference. 

0086) The operation of the PVSA system of FIG. 1 may 
be illustrated by an exemplary PVSA cycle summarized in 
Table 1. 

TABLE 1. 

Process Cycle Steps for Exemplary PVSA System 

Step Duration, 
Number Description Sec. 

1. Feed/make product/provide purge 1.O 
2 Feed/make product/provide repress. gas 1.O 
3 provide 1' repressurization gas 1.O 
4 provide 2" repressurization gas 1.O 
5 Idle step 1.O 
6 Evacuation 1.O 
7 Purge with product gas 1.O 
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TABLE 1-continued 

Process Cycle Steps for Exemplary PVSA System 

Step Duration, 
Number Description Sec. 

8 Receive 2" repressurization gas 1.O 
9 Receive 1 repressurization gas 1.O 
1O Repressurize with product gas 1.O 

0087. During the initial portion of Step 1, the feed step, 
there may be a short period of feed pressurization before 
product gas flows from the bed. During evacuation in Step 
6, a minimum bed pressure is attained, which is defined as 
the lowest pressure during this step. The duration of this 
exemplary 10 Second cycle, or the duration of any Step in the 
cycle, may be modified as required to meet various process 
or product requirements. 

0088 A cycle chart is given in Table 2 to show the 
relationship of cycle Steps among the five adsorbent beds, 
wherein each bed in turn passes through steps 1-10 of Table 
1. 

TABLE 2 

PVSA Cycle Chart 

Bed Step Number 

41 1. 2 3 4 5 6 7 8 9 1O 
43 9 1O 1. 2 3 4 5 6 7 8 
45 7 8 9 1O 1. 2 3 4 5 6 
47 5 6 7 8 9 1O 1. 2 3 4 
49 3 4 5 6 7 8 9 1O 1. 2 

0089. The use of Tables 1 and 2 together with FIG. 1 will 
enable the skilled person to understand this exemplary 
PVSA process cycle. Modifications to this particular cycle 
may be made if desired, and other types of PVSA cycles may 
be used as appropriate. 

0090. As an alternative embodiment to the five bed PVSA 
System and cycle described above, a four bed System and 
cycle may be used. This four bed system would be a 
modification of the system of FIG. 1 wherein adsorber bed 
49, adsorber bed feed line 29, and adsorber product line 39 
are deleted. Rotary valve 19 would be designed for four beds 
instead of five beds. In this alternative cycle, only one 
preSSurization gas transfer Step is used compared with two 
such steps in the five bed cycle of Table 1. Table 3 presents 
the four bed cycle StepS and Table 4 presents a cycle chart 
for the four bed cycle (note that bed 49 of FIG. 1 is deleted 
for the four bed system). 

TABLE 3 

Process Cycle Steps for Exemplary 4-Bed PVSA System 

Step Duration, 
Number Description Sec. 

1. Feed/make product 1.O 
2 Feed/make product/provide repress. gas 1.O 
3 Provide repressurization gas 1.O 
4 Provide purge 1.O 

GCE - Exhibit 1073, Page 19 
GCE Gas Control Equipment Inc. v. VBOX, Inc. 

IPR2023-00527



US 2005/0257686 A1 

TABLE 3-continued 

Process Cycle Steps for Exemplary 4-Bed PVSA System 

Step Duration, 
Number Description Sec. 

5 Evacuation 1.O 
6 Purge 1.O 
7 Receive repressurization gas 1.O 
8 Repressurize with product gas 1.O 

0091) 

TABLE 4 

a-Bed PVSA Cycle Chart 

Bed Step Number 

41 1. 2 3 4 5 6 7 8 
43 7 8 1. 2 3 4 5 6 
45 5 6 7 8 1. 2 3 4 
47 3 4 5 6 7 8 1. 2 

0092. A complete portable user-carried oxygen concen 
trator System typically includes a number of components in 
addition to those illustrated by the exemplary PVSA system 
of FIG. 1. These additional components may include, for 
example, any of the following features: electrical wiring and 
control Systems, Structural elements, a case or housing; a 
user display/control panel mounted on the outer Side of the 
housing, a conserver; a product tank, and means for the user 
to carry the concentrator unit Such as a handle, carrying 
Strap, or dual shoulder Straps. The total weight of the 
portable user-carried oxygen concentrator System thus is the 
combined weight of (a) the variable-weight components 
earlier described (i.e., the adsorbent, primary gas mover, and 
the battery) and (b) the additional components described 
immediately above. 
0.093 Portable user-carried oxygen concentrator systems 
such as that those described above using four or five beds 
may be designed to meet desirable criteria Such as, for 
example, a continuous oxygen product flow of up to 3 lpm, 
an easily-carried weight, and an operating time on a single 
power Supply recharge of at least 1-2 hours. A System 
meeting these criteria would provide more freedom and a 
higher Standard of living for an ambulatory patient and 
would be an attractive product offering for a Supplier of 
OXygen concentratorS. 

0094. Embodiments of the PVSA oxygen concentrator 
System described above preferably meet these criteria and 
provide the patient with an oxygen-enriched product of at 
least 85 mole % oxygen purity. The portable oxygen con 
centrator System should be easily carried by the patient and 
have a total weight of less than 12 pounds, preferably leSS 
than 10 pounds, and most preferably less than 8 pounds. 
Because patients needing oxygen therapy usually are ill, 
minimum system weight is extremely important. AS men 
tioned earlier, designing these Systems for minimum weight 
is a significant engineering challenge. 

0.095 When the product flow rate, product purity, product 
delivery preSSure, and System run time are specified, the 
total weight of the oxygen concentrator System consists of 
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Some components whose weights depend on the PVSA 
operating conditions and other components whose weights 
are essentially independent of PVSA operating conditions. 
The variable-weight components in this Scenario include the 
power Supply (e.g., battery), the weight of adsorbent in the 
adsorbent beds, and the weight of the primary gas mover, 
i.e., the feed air compressor and vacuum waste gas com 
preSSor in combination. The weights of all other components 
in this Scenario are independent of the Selection of product 
flow rate, product purity, product delivery preSSure, and 
System run time. The total weight of the oxygen concentrator 
System thus may be minimized by Selecting PVSA operating 
conditions that minimize the weight of the variable-weight 
components. 

0096. The embodiments of the present invention are 
directed to methods for minimizing the weight of the vari 
able-weight components by optimizing PVSA operating 
conditions as described below. Reducing the weight of the 
fixed-weight components (i.e., those components whose 
weights are essentially independent of PVSA cycle operat 
ing conditions) may be possible by improvements in mate 
rials, motor design, electrical Systems, and the like, but these 
are not addressed by embodiments of the present invention. 
0097. The adsorbent weight requirement may be deter 
mined by the amount of adsorbent required to remove the 
nitrogen from feed air Such that a desired oxygen product 
purity is attained. The adsorbent Weight requirement can be 
determined by the relation 

fiads 1 
B 

0098 where n is the moles of nitrogen to be removed 
per minute, n is the nitrogen working capacity in moles of 
nitrogen adsorbed by the adsorbent in one adsorber bed 
during one bed cycle, and B is the rate at which a fresh 
adsorber bed is available for feed in beds/min and is deter 
mined by the PVSA cycle time. The parameter n, can be 
determined by: 

flis F Go2 yo2.f 

0099 where Q is the product flow in moles per minute, 
yo is the product purity in percent oxygen, yn is the 
nitrogen concentration in the feed in percent, 0 is the 
oxygen recovery in percent (i.e., the percent of the oxygen 
in the feed gas that is present in the product gas), and yof 
is the oxygen concentration in the feed in percent. The 
nitrogen working capacity of the adsorbent is dependent on 
the pressure envelope to which the adsorbent is exposed. 
The preferred method to determine adsorbent working 
capacity is to measure oxygen and nitrogen pure component 
isotherms at multiple temperatures from which parameters 
can be determined by the application of the dual site 
Langmuir model see Myers, A. L., Activity Coefficients of 
Mixtures Adsorbed on Heterogeneous Surfaces, AIChE J. 
1983 (29), 691 
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Mbp M2dp 
1 + bi, * 1 + dip 

0100 where M, b, M, and d are fit parameters and p is 
preSSure. The Langmuir model then is used to determine 
working capacity by means of multicomponent adsorption 
models, namely the ideal adsorption solution theory (IAST) 
see Myers, A. L. and Prausnitz, J. M., Thermodynamics of 
Mixed Gas Adsorption, AIChE J. 1965 (1), 11 or more 
preferably the heterogeneous ideal adsorbed Solution theory 
(HIAST) see Mathias P. M. et al., Correlation of Multicom 
ponent Gas Adsorption by the Dual-Site Langmuir Model. 
Application to Nitrogen/Oxygen Adsorption on 5A Zeolite, 
Ind. & Eng. Chem Res. 1996 (35), 7). 
0101 The weight of the primary gas mover (i.e., the 
combined weight of the feed air compressor and the vacuum 
waste gas compressor), W., may be determined based on 
requirements of the two compressors to provide gas at the 
Specified preSSures during the feed Step of the cycle and the 
required flow rate during the vacuum and purge Steps of the 
cycle. The weight of the primary gas mover will vary based 
on the geometry of the compressor; for example, the size of 
the involutes in a Scroll compressor will vary based on the 
gas compression ratio. The weight of the primary gas mover 
does not include the electric motor which powers the pri 
mary gas mover and is considered a fixed weight for the 
present analysis, wherein the motor can be operated at 
various Speeds depending on the required feed gas and waste 
gas compression duty. The weight of the primary gas mover 
is determined to be proportional to the oxygen production 
rate for the present analysis. The weight of the rechargeable 
power Supply, in this case a battery, may be optimized by 
applying the relationship of energy discharge to the require 
ments over the duration of the PVSA cycle. The power 
supplied by the battery to the other components of the 
oxygen generator (alarms, valve motor, etc) may be about 5 
W. The power required from the battery to operate the feed 
air compressor and the vacuum waste gas compressor may 
be determined directly by the adiabatic power of compres 
sion based on the pressures used during the PVSA cycles. 
Adiabatic power is given by the expression 

inkRT (if Pld = d = - 1|, 

0102 where n is the mass flow rate, R is the gas constant, 
T is the temperature of the inlet gas, p is the pressure of the 
outlet gas, p is the pressure of the inlet gas to the compres 
Sor, and k is the ratio of heat capacity at constant preSSure to 
heat capacity at constant Volume and equals 1.4 for air. 
When operating in the compression mode, p is the air feed 
preSSure and p is atmospheric pressure. When operating in 
the vacuum mode, p is atmospheric pressure and p is the 
waste gas pressure exiting the adsorbent bed. 

0103) The battery power density may be determined from 
manufacturers’ Specifications. For a State-of-the-art lithium 
ion battery, for example, the energy density patt is given in 
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1b/Wh. For any given run time, t, (in hours), the weight of the 
battery (in pounds) may be described by the relation 

W = ppatt Padir 
ilpilin 

where m and m, are the efficiencies of the compressors 
and the drive motor, respectively. 
0104. The overall weight of the variable-weight compo 
nents may be determined from the relationship of each 
individual component weight to the characteristics of the 
cycle, Specifically the operating pressure envelope. The total 
weight of the variable-weight components therefore is a 
function of the minimum preSSure during evacuation, pi, 
and the product pressure, ped. 
0105 The desirable weight of the variable components 
may be determined by first Selecting a product flow rate, 
product pressure, and run time. Then, using the total weight 
function, the combined weight of all three components can 
be plotted as a function of a single variable, the minimum 
bed preSSure, as given below: 

Wi={W,+W,+W,}(pi) 
0106 The desirable weight of the variable components is 
determined by first Selecting a product flow rate, product 
preSSure, and run time. Then, using the total weight function, 
the combined weight of all three components can be plotted 
as a function of a single variable, the minimum bed pressure. 
Plotting the weight of the variable-weight components VS. 
the minimum bed pressure at constant production rate, 
product purity, product preSSure, and run time shows unex 
pectedly that there is a minimum pressure, or a range of 
desirable minimum preSSures, that correspond to a minimum 
weight or range of desirable minimum weights of the 
variable-weight components. 
0107 The following Examples illustrate this feature but 
do not limit the embodiments of the invention to any of the 
Specific details described therein. Each of the Examples is 
based on providing a product containing 93 mole % oxygen 
at various delivery preSSures, flow rates, and run times using 
(a) the five bed PVSA system of FIG. 1 with the PVSA cycle 
described in Tables 1 and 2, and (b) a four bed PVSA system 
with the cycle described in Tables 3 and 4. The adsorbent is 
a Sodium- and lithium-exchanged low-silica X-type Zeolite 
(LSX) in bead form with an average particle diameter of 
0.50 mm; In calculating the weight of the adsorbent required 
using the nitrogen adsorption equations given above, a bed 
utilization factor of 70% was used to account for the fact that 
70% of the adsorbent capacity is utilized for nitrogen 
adsorption while the remaining 30% of the adsorbent capac 
ity is utilized for the adsorption of water and carbon dioxide. 
0108. The efficiency of drive motor 13 in primary gas 
mover 11 typically may be 80% and the efficiency of 
compressors 9 and 15 typically may be 70%. The system is 
powered by a rechargeable lithium ion battery Such as, for 
example, one manufactured and Sold by Varta having a fixed 
energy density of 12.46 lb/kWh per the manufacturer's 
Specifications. The total weight of the System is the Sum of 
the weight of the fixed-weight components (housing, tubing, 
electrical wiring, etc) and the variable weights of the adsor 
bent, the primary gas mover (i.e., the feed air compressor 
and the vacuum waste gas compressor), and the battery. 
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EXAMPLE 1. 

0109 APVSA system was simulated to generate 3 lpm of 
93 mole % oxygen at a product preSSure of 1.6 atm for a 
period of 1 hour of continuous run time for a five-bed system 
of FIG. 1 using the cycle of Tables 1 and 2. The primary gas 
mover consisted of Scroll-type feed air and waste gas 
compressors driven by a common motor. The weight of each 
variable-weight component, i.e., the adsorbent, primary gas 
mover, and battery, were calculated using the methods 
described earlier for values of the minimum bed pressure 
between 0.35 and 1.0 atma. These weights were summed 
and all data were plotted as shown in FIG. 2. The three 
individual component weights show no obvious minima as 
functions of the minimum bed pressure. When these weights 
are combined, however, the plot of total variable weight VS. 
minimum bed pressure exhibits a minimum total variable 
weight of 3.6 lb at 0.7 atma. A desirable relative weight 
range between the minimum weight and 5% above the 
minimum weight was defined to yield a desirable total 
variable weight range of 3.6 to 3.8 lb. This corresponds to a 
range of the minimum bed pressure of 0.4 to 0.9 atma, which 
is a desirable PVSA operating range for this Example. In this 
desirable pressure range, the weight of the adsorbent is 
between a lower value of 0.7 lb and an upper value of 1.4 lb, 
the weight of the primary gas mover is 1.9 lb, and the weight 
of the battery is between a lower value of 0.5 lb and an upper 
value of 1.2 lb. 

EXAMPLE 2 

0110 Example 1 was repeated using a primary gas mover 
consisting of diaphragm-type feed air and waste gas com 
preSSorS driven by a common motor. The weight of each 
variable-weight component, i.e., the adsorbent, primary gas 
mover, and battery, were calculated using the methods 
described earlier for values of the minimum bed pressure 
between 0.35 and 0.96 atma. These weights were summed 
and all data were plotted as shown in FIG. 3. The three 
individual component weights show no obvious minima as 
functions of the minimum bed pressure. When these weights 
are combined, however, the plot of total variable weight VS. 
minimum bed pressure exhibits a minimum total variable 
weight of 2.8 lb at about 0.7 atma. A desirable relative 
weight range between the minimum weight and 5% above 
the minimum weight was defined to yield a desirable total 
variable weight range of 2.8 to 3.0 lb. This corresponds to a 
range of the minimum bed pressure of 0.5 to 0.9 atma, which 
is a desirable PVSA operating range for this Example. In this 
desirable pressure range, the weight of the adsorbent is 
between a lower value of 0.7 lb and an upper value of 1.3 lb., 
the weight of the primary gas mover is 1.1 lb, and the weight 
of the battery is between a lower value of 0.6 lb and an upper 
value of 1.1 lb. 

EXAMPLE 3 

0111 APVSA system was simulated to generate 2 lpm of 
93 mole % oxygen at a product preSSure of 1.4 atm for a 
period of 2 hours of continuous run time for a five-bed 
system of FIG. 1 using the cycle of Tables 1 and 2. The 
primary gas mover consisted of Scroll-type feed air and 
waste gas compressors driven by a common motor. The 
weight of each variable-weight component, i.e., the adsor 
bent, primary gas mover, and battery, were calculated using 
the methods described earlier for values of the minimum bed 
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pressure between 0.4 and 1.0 atma. These weights were 
Summed and all data were plotted as shown in FIG. 4. The 
three individual component weights show no obvious 
minima as functions of the minimum bed pressure. When 
these weights are combined, however, the plot of total 
variable weight VS. minimum bed pressure exhibits a mini 
mum total variable weight of 2.9 lb at 0.7 atma. A desirable 
relative weight range between the minimum weight and 5% 
above the minimum weight was defined to yield a desirable 
total variable weight range of 2.9 to 3.1 lb. This corresponds 
to a range of the minimum bed pressure of about 0.6 to about 
0.9 atma, which is a desirable PVSA operating range for this 
Example. In this desirable preSSure range, the weight of the 
adsorbent is between a lower value of 0.6 lb and an upper 
value of 1.2 lb, the weight of the primary gas mover is 1.3 
lb., and the weight of the battery is between a lower value of 
0.5 lb and an upper value of 1.1 lb. 

EXAMPLE 4 

0112 Example 3 was repeated using a primary gas mover 
consisting of diaphragm-type feed air and waste gas com 
preSSorS driven by a common motor. The weight of each 
variable-weight component, i.e., the adsorbent, primary gas 
mover, and battery, were calculated using the methods 
described earlier for values of the minimum bed pressure 
between 0.40 and 0.96 atma. These weights were summed 
and all data were plotted as shown in FIG. 5. The three 
individual component weights show no obvious minima as 
functions of the minimum bed pressure. When these weights 
are combined, however, the plot of total variable weight VS. 
minimum bed pressure exhibits a minimum total variable 
weight of 2.3 lb at about 0.8 atma. A desirable relative 
weight range between the minimum weight and 5% above 
the minimum weight was defined to yield a desirable total 
variable weight range of 2.3 to 2.5 lb. This corresponds to a 
range of the minimum bed pressure of 0.6 to about 0.9 atma, 
which is a desirable PVSA operating range for this Example. 
In this desirable preSSure range, the weight of the adsorbent 
is between a lower value of 0.6 lb and an upper value of 1.1 
lb., the weight of the primary gas mover is 0.7 lb, and the 
weight of the battery is between a lower value of 0.6 lb and 
an upper value of 1.1 lb. 

EXAMPLE 5 

0113 APVSA system was simulated to generate 1 lpm of 
93 mole % oxygen at a product pressure of 1.2 atm for a 
period of 3 hours of continuous run time for a five-bed 
system of FIG. 1 using the cycle of Tables 1 and 2. The 
primary gas mover consisted of Scroll-type feed air and 
waste gas compressors driven by a common motor. The 
weight of each variable-weight component, i.e., the adsor 
bent, primary gas mover, and battery, were calculated using 
the methods described earlier for values of the minimum bed 
pressure between 0.35 and 0.96 atma. These weights were 
Summed and all data were plotted as shown in FIG. 6. The 
three individual component weights show no obvious 
minima as functions of the minimum bed pressure. When 
these weights are combined, however, the plot of total 
variable weight VS. minimum bed pressure exhibits a mini 
mum total variable weight of 1.5 lb at about 0.7 atma. A 
desirable relative weight range between the minimum 
weight and 5% above the minimum weight was defined to 
yield a desirable total variable weight range of 1.5 to 1.6 lb. 
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This corresponds to a range of the minimum bed pressure of 
about 0.6 to 0.8 atma, which is a desirable PVSA operating 
range for this Example. In this desirable pressure range, the 
weight of the adsorbent is between a lower value of 0.3 lb 
and an upper value of 0.6 lb, the weight of the primary gas 
mover is 0.7 lb, and the weight of the battery is between a 
lower value of 0.3 lb and an upper value of 0.6 lb. 

EXAMPLE 6 

0114) Example 5 was repeated using a primary gas mover 
consisting of diaphragm-type feed air and waste gas com 
preSSorS driven by a common motor. The weight of each 
variable-weight component, i.e., the adsorbent, primary gas 
mover, and battery, were calculated using the methods 
described earlier for values of the minimum bed pressure 
between 0.40 and 0.96 atma. These weights were summed 
and all data were plotted as shown in FIG. 7. The three 
individual component weights show no obvious minima as 
functions of the minimum bed pressure. When these weights 
are combined, however, the plot of total variable weight VS. 
minimum bed pressure exhibits a minimum total variable 
weight of 1.3 lb at about 0.7 atma. A desirable relative 
weight range between the minimum weight and 5% above 
the minimum weight was defined to yield a desirable total 
variable weight range of 1.2 to 1.3 lb. This corresponds to a 
range of the minimum bed pressure of 0.6 to about 0.8 atma, 
which is a desirable PVSA operating range for this Example. 
In this desirable pressure range, the weight of the adsorbent 
is between a lower value of 0.3 lb and an upper value of 0.6 
lb., the weight of the primary gas mover is 0.4 lb, and the 
weight of the battery is between a lower value of 0.3 lb and 
an upper value of 0.6 lb. 

EXAMPLE 7 

0115 APVSA system was simulated to generate 3 lpm of 
93 mole % oxygen at a product preSSure of 1.6 atm for a 
period of 3 hours of continuous run time for a five-bed 
system of FIG. 1 using the cycle of Tables 1 and 2. The 
primary gas mover consisted of Scroll-type feed air and 
waste gas compressors driven by a common motor. The 
weight of each variable-weight component, i.e., the adsor 
bent, primary gas mover, and battery, were calculated using 
the methods described earlier for values of the minimum bed 
pressure between 0.5 and 1.06 atma. These weights were 
Summed and all data were plotted as shown in FIG. 8. The 
three individual component weights show no obvious 
minima as functions of the minimum bed pressure. When 
these weights are combined, however, the plot of total 
variable weight VS. minimum bed pressure exhibits a mini 
mum total variable weight of 4.8 lb at about 0.9 atma. A 
desirable relative weight range between the minimum 
weight and 5% above the minimum weight was defined to 
yield a desirable total variable weight range of 4.8 to 5.0 lb. 
This corresponds to a range of the minimum bed pressure of 
about 0.8 to 1.1 atma, which is a desirable PVSA operating 
range for this Example. In this desirable pressure range, the 
weight of the adsorbent is between a lower value of 1.0 lb 
and an upper value of 1.8 lb, the weight of the primary gas 
mover is 1.9 lb, and the weight of the battery is between a 
lower value of 1.4 lb and an upper value of 2.1 lb. 

EXAMPLE 8 

0116 Example 7 was repeated using a primary gas mover 
consisting of diaphragm-type feed air and waste gas com 
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preSSorS driven by a common motor. The weight of each 
variable-weight component, i.e., the adsorbent, primary gas 
mover, and battery, were calculated using the methods 
described earlier for values of the minimum bed pressure 
between 0.37 and 1.06 atma. These weights were summed 
and all data were plotted as shown in FIG. 9. The three 
individual component weights show no obvious minima as 
functions of the minimum bed pressure. When these weights 
are combined, however, the plot of total variable weight VS. 
minimum bed pressure exhibits a minimum total variable 
weight of 4.0 lb at about 0.9 atma. A desirable relative 
weight range between the minimum weight and 5% above 
the minimum weight was defined to yield a desirable total 
variable weight range of 4.0 to 4.2 lb. This corresponds to a 
range of the minimum bed preSSure of 0.8 to about 1.0 atma, 
which is a desirable PVSA operating range for this Example. 
In this desirable preSSure range, the weight of the adsorbent 
is between a lower value of 1.1 lb and an upper value of 1.6 
lb., the weight of the primary gas mover is 1.1 lb, and the 
weight of the battery is between a lower value of 1.4 lb and 
an upper value of 2.0 lb. 

EXAMPLE 9 

0117 Example 1 was repeated except that the PVSA 
System was a four bed System operated according to the 
cycle of Tables 3 and 4. The primary gas mover consisted of 
Scroll-type feed air and waste gas compressors driven by a 
common motor. The weight of each variable-weight com 
ponent, i.e., the adsorbent, primary gas mover, and battery, 
were calculated using the methods described earlier for 
values of the minimum bed pressure between 0.35 and 1.0 
atma. These weights were Summed and all data were plotted 
as shown in FIG. 10. The three individual component 
weights show no obvious minima as functions of the mini 
mum bed preSSure. When these weights are combined, 
however, the plot of total variable weight vs. minimum bed 
pressure exhibits a minimum total variable weight of 3.2 lb 
at 0.7 atma. A desirable relative weight range between the 
minimum weight and 5% above the minimum weight was 
defined to yield a desirable total variable weight range of 3.2 
to 3.4 lb. This corresponds to a range of the minimum bed 
pressure of 0.5 to about 0.9 atma, which is a desirable PVSA 
operating range for this Example. In this desirable preSSure 
range, the weight of the adsorbent is between a lower value 
of 0.6 lb and an upper value of 1.3 lb, the weight of the 
primary gas mover is 1.6 lb, and the weight of the battery is 
between a lower value of 0.5 lb and an upper value of 1.2 lb. 

EXAMPLE 10 

0118. Example 2 was repeated except that the PVSA 
System was a four bed System operated according to the 
cycle of Tables 3 and 4. The primary gas mover consisted of 
diaphragm-type feed air and waste gas compressors driven 
by a common motor. The weight of each variable-weight 
component, i.e., the adsorbent, primary gas mover, and 
battery, were calculated using the methods described earlier 
for values of the minimum bed pressure between 0.35 and 
0.96 atma. These weights were summed and all data were 
plotted as shown in FIG. 11. The three individual compo 
nent weights show no obvious minima as functions of the 
minimum bed pressure. When these weights are combined, 
however, the plot of total variable weight vs. minimum bed 
pressure exhibits a minimum total variable weight of 2.7 lb 
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at 0.7 atma. A desirable relative weight range between the 
minimum weight and 5% above the minimum weight was 
defined to yield a desirable total variable weight range of 2.7 
to 2.9 lb. This corresponds to a range of the minimum bed 
pressure of about 0.5 to 0.9 atma, which is a desirable PVSA 
operating range for this Example. In this desirable pressure 
range, the weight of the adsorbent is between a lower value 
of 0.7 lb and an upper value of 1.3 lb, the weight of the 
primary gas mover is 1.1 lb, and the weight of the battery is 
between a lower value of 0.5 lb and an upper value of 1.0 lb. 

EXAMPLE 11 

0119) Example 3 was repeated except that the PVSA 
System was a four bed System operated according to the 
cycle of Tables 3 and 4. The primary gas mover consisted of 
Scroll-type feed air and waste gas compressors driven by a 
common motor. The weight of each variable-weight com 
ponent, i.e., the adsorbent, primary gas mover, and battery, 
were calculated using the methods described earlier for 
values of the minimum bed pressure between 0.4 and 1.0 
atma. These weights were Summed and all data were plotted 
as shown in FIG. 12. The three individual component 
weights Show no obvious minima as functions of the mini 
mum bed preSSure. When these weights are combined, 
however, the plot of total variable weight vs. minimum bed 
pressure exhibits a minimum total variable weight of 2.6 lb 
at 0.8 atma. A desirable relative weight range between the 
minimum weight and 5% above the minimum weight was 
defined to yield a desirable total variable weight range of 2.6 
to 2.8 lb. This corresponds to a range of the minimum bed 
pressure of 0.6 to about 0.9 atma, which is a desirable PVSA 
operating range for this Example. In this desirable pressure 
range, the weight of the adsorbent is between a lower value 
of 0.6 lb and an upper value of 1.1 lb, the weight of the 
primary gas mover is 1.1 lb, and the weight of the battery is 
between a lower value of 0.5 lb and an upper value of 1.1 lb. 

EXAMPLE 12 

0120 Example 4 was repeated except that the PVSA 
System was a four bed System operated according to the 
cycle of Tables 3 and 4. The primary gas mover consisted of 
diaphragm-type feed air and waste gas compressors driven 
by a common motor. The weight of each variable-weight 
component, i.e., the adsorbent, primary gas mover, and 
battery, were calculated using the methods described earlier 
for values of the minimum bed pressure between 0.4 and 
0.96 atma. These weights were summed and all data were 
plotted as shown in FIG. 13. The three individual compo 
nent weights show no obvious minima as functions of the 
minimum bed pressure. When these weights are combined, 
however, the plot of total variable weight vs. minimum bed 
pressure exhibits a minimum total variable weight of 2.3 lb 
at about 0.8 atma. A desirable relative weight range between 
the minimum weight and 5% above the minimum weight 
was defined to yield a desirable total variable weight range 
of 2.3 to 2.4 lb. This corresponds to a range of the minimum 
bed pressure of about 0.6 to about 0.9 atma, which is a 
desirable PVSA operating range for this Example. In this 
desirable pressure range, the weight of the adsorbent is 
between a lower value of 0.6 lb and an upper value of 1.1 lb, 
the weight of the primary gas mover is 0.7 lb, and the weight 
of the battery is between a lower value of 0.5 lb and an upper 
value of 1.0 lb. 
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EXAMPLE 13 

0121 Example 5 was repeated except that the PVSA 
System was a four bed System operated according to the 
cycle of Tables 3 and 4. The primary gas mover consisted of 
Scroll-type feed air and waste gas compressors driven by a 
common motor. The weight of each variable-weight com 
ponent, i.e., the adsorbent, primary gas mover, and battery, 
were calculated using the methods described earlier for 
values of the minimum bed pressure between 0.35 and 0.96 
atma. These weights were Summed and all data were plotted 
as shown in FIG. 14. The three individual component 
weights show no obvious minima as functions of the mini 
mum bed preSSure. When these weights are combined, 
however, the plot of total variable weight vs. minimum bed 
pressure exhibits a minimum total variable weight of 1.4 lb 
at about 0.7 atma. A desirable relative weight range between 
the minimum weight and 5% above the minimum weight 
was defined to yield a desirable total variable weight range 
of 1.4 to 1.5 lb. This corresponds to a range of the minimum 
bed pressure of 0.6 to 0.9 atma, which is a desirable PVSA 
operating range for this Example. In this desirable preSSure 
range, the weight of the adsorbent is between a lower value 
of 0.3 lb and an upper value of 0.6 lb, the weight of the 
primary gas mover is 0.6 lb, and the weight of the battery is 
between a lower value of 0.3 lb and an upper value of 0.5 lb. 

EXAMPLE 1.4 

0122 Example 6 was repeated except that the PVSA 
System was a four bed System operated according to the 
cycle of Tables 3 and 4. The primary gas mover consisted of 
diaphragm-type feed air and waste gas compressors driven 
by a common motor. The weight of each variable-weight 
component, i.e., the adsorbent, primary gas mover, and 
battery, were calculated using the methods described earlier 
for values of the minimum bed pressure between 0.4 and 
0.96 atma. These weights were summed and all data were 
plotted as shown in FIG. 15. The three individual compo 
nent weights show no obvious minima as functions of the 
minimum bed pressure. When these weights are combined, 
however, the plot of total variable weight vs. minimum bed 
pressure exhibits a minimum total variable weight of 1.2 lb 
in a range of the minimum bed pressure of about 0.6 to 0.8 
atma, which is a desirable PVSA operating range for this 
Example. In this desirable preSSure range, the weight of the 
adsorbent is between a lower value of 0.3 lb and an upper 
value of 0.6 lb, the weight of the primary gas mover is 0.4 
lb., and the weight of the battery is between a lower value of 
0.3 b and an upper value of 0.5 lb. 

EXAMPLE 1.5 

0123 Example 7 was repeated except that the PVSA 
System was a four bed System operated according to the 
cycle of Tables 3 and 4. The primary gas mover consisted of 
Scroll-type feed air and waste gas compressors driven by a 
common motor. The weight of each variable-weight com 
ponent, i.e., the adsorbent, primary gas mover, and battery, 
were calculated using the methods described earlier for 
values of the minimum bed pressure between 0.5 and 1.06 
atma. These weights were Summed and all data were plotted 
as shown in FIG. 16. The three individual component 
weights show no obvious minima as functions of the mini 
mum bed preSSure. When these weights are combined, 
however, the plot of total variable weight vs. minimum bed 
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pressure exhibits a minimum total variable weight of 4.4 lb 
at Slightly below 1.0 atma. A desirable relative weight range 
between the minimum weight and 5% above the minimum 
weight was defined to yield a desirable total variable weight 
range of 4.4 to 4.6 lb. This corresponds to a range of the 
minimum bed pressure of about 0.8 to 1.1 atma, which is a 
desirable PVSA operating range for this Example. In this 
desirable pressure range, the weight of the adsorbent is 
between a lower value of 1.0 lb and an upper value of 1.6 lb, 
the weight of the primary gas mover is 1.6 lb, and the weight 
of the battery is between a lower value of 1.4 lb and an upper 
value of 2.0 lb. 

EXAMPLE 16 

0.124 Example 8 was repeated except that the PVSA 
System was a four bed System operated according to the 
cycle of Tables 3 and 4. The primary gas mover consisted of 
diaphragm-type feed air and waste gas compressors driven 
by a common motor. The weight of each variable-weight 
component, i.e., the adsorbent, primary gas mover, and 
battery, were calculated using the methods described earlier 
for values of the minimum bed pressure between about 0.37 
and 1.06 atma. These weights were Summed and all data 
were plotted as shown in FIG. 17. The three individual 
component weights show no obvious minima as functions of 
the minimum bed pressure. When these weights are com 
bined, however, the plot of total variable weight vs. mini 
mum bed pressure exhibits a minimum total variable weight 
of 3.9 lb at slightly less than 1.0 atma. A desirable relative 
weight range between the minimum weight and 5% above 
the minimum weight was defined to yield a desirable total 
variable weight range of 3.9 to 4.1. This corresponds to a 
range of the minimum bed pressure of about 0.8 to 1.0 atma, 
which is a desirable PVSA operating range for this Example. 
In this desirable pressure range, the weight of the adsorbent 
is between a lower value of 1.0 lb and an upper value of 1.5 
lb., the weight of the primary gas mover is 1.1 lb, and the 
weight of the battery is between a lower value of 1.4 lb and 
an upper value of 2.0 lb. 

Product Product 
Example Flow, Press., 

No. lpm ala 

1. 6 

EXAMPLE 1.7 

0125) The PVSA system of FIG. 1 was simulated using 
the cycle described in Tables 1 and 2 for product flow rates 
of 1 to 3 lpm, product delivery pressures between 1.2 and 1.6 
atma, and run times between 1 and 3 hours. The PVSA 
system of FIG. 1 also was simulated using the cycle 
described in Tables 3 and 4 for the same product flow rates, 
product delivery pressures, and run times. For these Simu 
lations, the rechargeable battery provides between 0.02 and 
0.17 KWh of power during the operating run time between 
maximum and minimum working charge. The total working 
capacity of the adsorbent in each adsorber bed during the 
cycles is between 1.2x10" and 6.7x10" lbmoles of nitro 
gen. The feed air compressor (the first compressor) moves 
between 1.14x10" and 4.01x10" lbmoles of pressurized 
feed air during the feed StepS and the waste gas compressor 
(the second compressor) moves between 3.47x10' and 
9.96x10 lbmoles of waste gas during the depressurization 
and evacuation StepS. 

0.126 A Summary of the results from Examples 1-16 is 
given in Table 5. These results were utilized to define 
desirable operating ranges for the weights of the adsorbent, 
primary gas mover, and battery as functions of the product 
flow rate. This was effected by plotting values of the upper 
and lower weights corresponding to the upper and lower 
values of the minimum bed preSSure ranges for each of the 
variable-weight components defined in Examples 1-16 as 
functions of product flow rates. Linear boundaries to define 
a desirable operating region in terms of weight VS. product 
flow rate then were constructed for each component So that 
all upper and lower values of the minimum weights were 
included in this optimum operating region. In addition, 
ranges of the minimum weight of the battery were normal 
ized to a unit run time and plotted as functions of the product 
flow rate to determine an optimum operating region in terms 
of this normalized variable. Based on these Examples, the 
minimum bed pressure typically falls between 0.25 and 1.0 
atma, and may be in the range of 0.45 and 0.8 atma. 

TABLE 5 

Summary of Examples 1 through 16 

Run Minimum Bed Pressure, Total Variable 
Time, No of Primary Gas atma Weight, lb 

hir Beds Mover Type Minimum Range Minimum Range 

1. 5 Scro O.7 0.4-0.9 3.6 36-38 
1. 5 Diaphragm O.7 0.5-0.9 2.8 2.8-3.0 
2 5 Scro O.7 O.6-0.9 2.9 2.9-3.1 
2 5 Diaphragm O.8 O.6-0.9 2.3 2.3-2.5 
3 5 Scro O.7 0.6-0.8 1.5 1.5-1.6 
3 5 Diaphragm O.7 0.6-0.8 1.2 1.2-1.3 
3 5 Scro O.9 0.8-1.1 4.8 4.8–5.0 
3 5 Diaphragm O.9 0.8-1.0 4.0 4.0-4.2 
1. 4 Scro O.7 0.5-0.9 3.2 3.2-3.4 
1. 4 Diaphragm O.7 0.5-0.9 2.7 2.7-2.9 
2 4 Scro O.8 O.6-0.9 2.6 2.6-2.8 
2 4 Diaphragm O.8 O.6-0.9 2.3 2.3–2.4 
3 4 Scro O.7 O.6-0.9 1.4 1.4-1.5 
3 4 Diaphragm O.7 0.6-0.8 1.2 
3 4 Scro -1.0 0.8-1.1 4.4 4.4–4.6 
3 4 Diaphragm -1.0 0.8-1.0 3.9 3.9–4.1 
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0127. The resulting plots and desirable operating regions 
for the individual variable-weight components are shown in 
FIGS. 18, 19, 20, and 21. FIG. 18 illustrates a desirable 
operating region bounded by (a) a lower line drawn through 
the origin and the lower weight of the adsorbent weight 
range for the product flow rate of 3 lpm and (b) an upper line 
drawn through the origin and the upper weight of the 
adsorbent weight range for the product flow rate of 1 lum. All 
upper and lower weights of the adsorbent for product flow 
rates of 1, 2, and 3 lpm thus fall within the desirable 
operating region described by the upper and lower lines of 
FIG. 18. 

0128 FIG. 19 indicates that the desirable range of the 
weights of the primary gas movers lie between and include 
the weights of the Scroll-type and diaphragm-type feed air 
and waste gas compressors which define the upper and lower 
lines, respectively. 
0129 FIG. 20 illustrates a desirable operating region 
bounded by upper and lower lines drawn through the origin 
and the upper and lower battery weights of the Examples at 
3 lpm product flow rates. All upper and lower weights of the 
variable-weight battery for product flow rates of 1, 2, and 3 
lpm thus fall within the desirable operating region described 
by the upper and lower lines. 
0130 FIG. 21 illustrates a desirable operating region 
bounded by (a) a lower line drawn through the origin and the 
lower value of the time-normalized battery weight range 
corresponding to the Examples at 1 lpm product flow rate 
and (b) an upper line drawn through the origin and the upper 
value of the time-normalized battery weight range corre 
sponding to the Examples at a product flow rate of 3 lpm. All 
upper and lower values of the time-normalized battery 
weight for product flow rates of 1, 2, and 3 lpm thus fall 
within the desirable operating region described by the upper 
and lower lines of FIG. 21. 

0131 The optimization methods described above thus 
cover the operation of four bed and five bed PVSA system 
for production rates of 1 to 3 pm of 93 mole % oxygen in 
a product pressure range of 1.2 to 1.6 atma for periods of 1 
to 3 hours of continuous run time. The corresponding 
optimum weight ranges for individual components were 
defined analytically for the desirable operating ranges of the 
minimum bed preSSure. In addition, desirable operating 
regions were defined analytically in terms of weight VS. 
product flow rates for the individual variable-weight com 
ponents. Also, desirable operating regions were defined 
analytically in terms of weight VS. product flow rates for the 
total weights of the combined variable-weight. These are 
Summarized below. 

0132) The desirable operating regions described above 
and illustrated in FIGS. 18, 19, 20, and 21 may be expressed 
as follows for the individual variable-weight components: 

0133 (a) for the weight of the adsorbent, W., 

0134 (b) for the weight of the primary gas mover, 
W s p 

0.36 F-W-0.70 F: 
0135) (c) for the weight of the battery, W, 
0.18 F<W<0.71 F; and 

Nov. 24, 2005 

0136 (d) for the battery weight on a time-normal 
ized basis, 

0137) In these expressions, F, is the product flow rate in 
liters per minute (at 23° C. and 1 atma), weight is in pounds, 
and time t is in hours. The desired operating characteristics 
of the PVSA systems described above may be characterized 
by any of the above expressions. 
0138 By combining the expressions in (a), (b), and (c) 
above, the total variable weight, W, may be expressed as 

0.75 F-W-2.02 F. 
0.139 where W is in pounds. The combined weight of the 
variable-weight components of a PVSA system designed for 
generating 1 lpm of 93 mole % oxygen thus may lie between 
0.75 and 2.02 pounds and a System designed for generating 
3 lpm of 93 mole % oxygen thus may lie between 2.25 and 
6.06 pounds. This expression may be extended to product 
flow rates above 3 lpm and below 1 um to determine the total 
variable weight of the PVSA system components. For 
example, the expression may be used to determine the total 
variable weight between 0.5 and 5 lpm, and this weight 
would range between 0.375 lb and 1.01 lb for a 0.5 pm 
system and between 3.75 lb and 10.1 lb for a 5 lpm system. 

1. A System for producing an oxygen-rich gas comprising 
(a) a primary gas mover including a first compressor 

adapted to compress atmospheric air to provide pres 
Surized feed air and a Second compressor adapted to 
compress a waste gas from Subatmospheric preSSure to 
atmospheric preSSure, wherein the primary gas mover 
is characterized by a weight W: 

(b) a drive motor adapted to drive the first and second 
compressors, 

(c) a rechargeable power Supply adapted to Supply power 
to the drive motor, wherein the rechargeable power 
Supply is characterized by a weight W, and 

(d) a pressure/vacuum Swing adsorption unit adapted to 
Separate the preSSurized feed air into an oxygen-rich 
product at a product flow rate F and an oxygen 
depleted waste gas, wherein the adsorption unit com 
prises a plurality of adsorber beds containing an adsor 
bent, wherein the total amount of the adsorbent 
contained in the adsorber beds is characterized by a 
total adsorbent weight W, 

wherein the combined weight, W., of the adsorbent, the 
primary gas mover, and the rechargeable power Supply 
is characterized by the expression 
0.75 F-W-2.02 F. 
where F is in liters per min (at 23° C. and 1 atma 
pressures and W. W. and W are in pounds. 

2. The system of claim 1 wherein the battery is charac 
terized by an operating run time in hours, t, between 
maximum and minimum working charge, and wherein the 
System is further characterized by any of the expressions 

0.21 F<W,<0.61 F. 
0.36 F-W-0.70 F. 
0.18 F<W<0.71 F, and 
0.10 Ft-W<0.40 Ft. 
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3. The system of claim 1 wherein the plurality of adsorber 
beds comprises four or more beds. 

4. The system of claim 3 wherein the plurality of adsorber 
beds consists of four beds. 

5. The system of claim 1 wherein each of the first and 
Second compressors are Selected from the group consisting 
of Scroll, diaphragm, piston, and rotary Vane compressors. 

6. The system of claim 5 wherein the first and second 
compressors are Scroll-type compressors. 

7. The system of claim 1 having a total weight of less than 
12 pounds. 

8. The system of claim 7 having a total-weight of less than 
10 pounds. 

9. The system of claim 8 having a total weight of less than 
8 pounds. 

10. The system of claim 1 wherein the adsorbent is 
Selected from the group consisting of Zeolite X exchanged 
with one or more metallic cations Selected from the group 
consisting of lithium, calcium, Zinc, copper, Sodium, potas 
sium, and Silver. 

11. The system of claim 10 wherein the adsorber beds 
further comprise an additional adsorbent Selective for the 
adsorption of water and carbon dioxide from air and wherein 
the additional adsorbent is Selected from the group consist 
ing of (1) activated alumina and (2) Zeolite X exchanged 
with one or more metallic cations Selected from the group 
consisting of lithium, Sodium, and potassium. 

12. The system of claim 1 which further comprises a 
COSCWC. 

13. The system of claim 1 wherein the rechargeable power 
Supply is a battery. 

14. The system of claim 1 wherein the rechargeable power 
Supply is a fuel cell. 

15. The system of claim 1 which further comprises an 
external case Surrounding the primary-gas mover, drive 
motor, rechargeable power Supply, and pressure/vacuum 
Swing adsorption System, and a user display/control panel 
mounted on the Outer Side of the case. 

16. The system of claim 15 having a total weight of less 
than 12 pounds. 

17. The system of claim 16 having a total weight of less 
than 10 pounds. 

18. The system of claim 17 having a total weight of less 
than 8 pounds. 

19. A System for producing an oxygen-rich gas compris 
ing 

(a) a primary gas mover including a first compressor 
adapted to compress atmospheric air to provide pres 
Surized feed air and a Second compressor adapted to 
compress a waste gas from Subatmospheric pressure to 
atmospheric preSSure, wherein the primary gas mover 
is characterized by a weight W.; 

(b) a drive motor adapted to drive the first and second 
compressors, 

(c) a rechargeable power Supply adapted to Supply power 
to the drive motor, wherein the rechargeable power 
Supply is characterized by a weight, W, and an oper 
ating run time, t, between maximum and minimum 
Working charge, and 

(d) a pressure/vacuum Swing adsorption unit adapted to 
Separate the pressurized feed air into an oxygen-rich 
product at a product flow rate F, and an oxygen 
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depleted waste gas, wherein the adsorption unit com 
prises a plurality of adsorber beds containing adsor 
bent, wherein the total amount of the adsorbent 
contained in the adsorber beds is characterized by a 
total adsorbent weight W, 

wherein the System is characterized by any of the expres 
Sions 

0.21 F<W,<0.61 F. 
0.36 F-W-0.70 F. 
0.18 F<W<0.71 F, and 
0.10 F ,<W<0.40 Ft. 

where F is in liters per min (at 23° C. and 1 atma 
pressure), t, is in hours, and W., W. and W., are in 
pounds. 

20. The system of claim 19 which further comprises 
additional elements including electrical wiring and control 
Systems, a case or housing, and a user display/control panel 
mounted on the Outer Side of the housing, wherein the 
oxygen generation System and the additional elements are 
combined to form a portable oxygen concentrator, and 
means for the user to carry the portable concentrator unit. 

21. A method for producing an oxygen-rich product gas 
comprising 

(a) providing a primary gas mover including a first 
compressor for compressing atmospheric air to provide 
pressurized feed air and a second compressor adapted 
to compress an oxygen-depleted waste gas from Sub 
atmospheric preSSure to atmospheric pressure, a drive 
motor for driving the first and Second compressors, and 
a rechargeable battery for providing power to the drive 
motor, wherein the rechargeable power Supply is char 
acterized by an operating run time between maximum 
and minimum working charge, 

(b) providing a pressure/vacuum Swing adsorption System 
adapted to Separate the pressurized feed air into the 
Oxygen-rich product gas and the oxygen-depleted 
waste gas, wherein the adsorption System comprises a 
plurality of adsorber beds containing adsorbent; and 

(c) operating each of the adsorber beds in turn through an 
adsorption cycle including at least the repeating Steps 
of feed/provide product, depressurization, evacuation, 
and repressurization; 

wherein the method is characterized by any of the oper 
ating parameters 

(1) the rechargeable battery provides between 0.02 and 
0.17 KWh of power during the operating run time 
between maximum and minimum working charge, 

(2) the total working capacity of the adsorbent in each 
adsorber bed during the adsorption cycle is between 
1.2x10 and 6.7x10" lbmoles of nitrogen; 

(3) the first compressor moves between 1.14x10" and 
4.01x10 lbmoles of pressurized feed air during the 
feed/provide product Step; and 

(4) the second compressor moves between 3.47x10" and 
9.96x10" lbmoles of waste gas during the depressur 
ization and evacuation StepS. 
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22. The method of claim 21 wherein the pressure/vacuum 
Swing adsorption System has four adsorber beds and each of 
the adsorber beds undergoes in turn a Series of adsorption 
cycle Steps which comprise 

(A) a feed/make product step wherein the pressurized feed 
air is introduced into a feed end of the bed while the 
oxygen-enriched product gas is withdrawn from a 
product end of the bed; 

(B) a feed/make product/provide repressurization step 
wherein the pressurized feed air is introduced into a 
feed end of the bed while an oxygen-enriched product 
gas is withdrawn from a product end of the bed, and 
wherein a portion of the product gas is used for 
preSSurizing another bed undergoing its final repressur 
ization Step; 

(C) a depressurization step in which the bed is depres 
Surized by withdrawing gas therefrom, wherein at least 
a portion of the gas withdrawn therefrom is transferred 
to another bed undergoing a repressurization Step; 

(D) a provide purge step in which the bed is further 
depressurized by withdrawing gas therefrom, wherein 
at least a portion of the gas withdrawn therefrom is 
transferred to another bed undergoing a purge Step; 

(E) an evacuation step in which gas is withdrawn from the 
feed end of the bed until the bed reaches a minimum 
Subatmospheric bed pressure, 

(F) a purge Step in which the bed is purged by introducing 
purge gas into the product end of the bed while con 
tinuing to evacuate the bed, wherein the purge gas is 
provided from another bed undergoing step (D); 

(G) a repressurization step in which pressurization gas is 
introduced into the product end of the bed, wherein the 
preSSurization gas is provided from another bed under 
going step (C); and 

(H) a final repressurization step in which product gas from 
another bed is introduced into the product end of the 
bed. 

23. The method of claim 21 wherein the minimum bed 
pressure is between 0.25 and 1.0 atma. 

24. The method of claim 21 wherein the minimum bed 
pressure is between 0.45 and 0.8 atma. 

25. The method of claim 21 wherein the pressure of the 
oxygen-enriched product gas is between 1.2 and 1.6 atma. 

26. The method of claim 21 wherein the oxygen-enriched 
product gas is provided at a flow rate in the range of 0.5 to 
3.0 liters per min (defined at 23° C. and 1 atma pressure). 

27. A method for producing an oxygen-rich product gas 
comprising 

(a) providing a primary gas mover including a first 
compressor for compressing atmospheric air to provide 
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preSSurized feed air and a Second compressor adapted 
to compress an oxygen-depleted waste gas from Sub 
atmospheric preSSure to atmospheric pressure, a drive 
motor for driving the first and Second compressors, and 
a rechargeable battery for providing power to the drive 
motor, wherein the rechargeable power Supply is char 
acterized by an operating run time between maximum 
and minimum working charge, 

(b) providing a pressure/vacuum Swing adsorption unit 
adapted to Separate the pressurized feed air into the 
Oxygen-rich product gas and the oxygen-depleted 
waste gas, wherein the adsorption unit comprises a 
plurality of adsorber beds containing adsorbent Selec 
tive for the adsorption of nitrogen from air; and 

(c) operating each of the adsorber beds in turn through an 
adsorption cycle including at least the repeating Steps 
of feed/provide product, depressurization, evacuation, 
and repressurization; 

wherein the minimum preSSure in the evacuation Step is 
between 0.35 and 1.00 atma. 

28. A method for the design of a portable preSSure/vacuum 
Swing adsorption oxygen concentrator System comprising 

(a) defining design parameters including at least a product 
flow rate, a product purity, a product delivery pressure, 
a pressure/vacuum Swing adsorption process cycle, the 
number of adsorber vessels, an adsorbent contained in 
the adsorber vessels, the type of gas mover, the type of 
regenerable power Supply to provide power to the drive 
motor, and the run time of the regenerable power 
Supply between maximum and minimum working 
charge, 

(b) selecting a series of minimum bed pressures pressures 
below atmospheric pressure and determining for each 
of the minimum bed pressures the required weights of 
the gas mover, the power Supply, and the adsorbent 
contained in the adsorber vessels, wherein each mini 
mum bed preSSure is a lowest bed pressure in the 
preSSure/vacuum Swing adsorption process cycle; 

(c) adding the weights of the adsorbent, the gas mover, 
and the power Supply determined in (b) for each value 
of the minimum bed pressure to provide a total weight 
of the adsorbent, the gas mover, and the power Supply 
as a function of the minimum bed pressure; and 

(d) Selecting a range of the minimum bed pressures that 
corresponds to a range of minimum combined weight 
of the adsorbent, the gas mover, and the power Supply. 

29. The method of claim 28 wherein the range of mini 
mum bed pressures is between 0.45 and 0.8 atma. 
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