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DESCRIPTIVE ABSTRACT

PORTABLE OXYGEN CONCENTRATOR

IN THE NAMES OF: ATR LIQUIDE, SOCIETE ANONYME POUR L’ETUDE ET
L’ EXPLOITATION DES PROCEDES GEORGES CLAUDE =znd
AIR LIQUIDE SANTE (INTERNATIONAL)
and AIR LIQUIDE AMERICA CORPORATION

INVENTORS: Anne DUBOLS, Pierre BODELIN, Xavier VIGOR

The invention relates to an oxygen concentrator
portable by a patient, permitting producing a flow of gas
containing S0% tc 95% of oxygen f;om air, comprising air

compression means, means for gas separation by adsorption with

A pressure variations, and electrical energy storage means
keeping its charge for at least 30 minutes, said concentrator
having a total weight less than 10 kg. Preferably, the gas

separation means are a PSA system using z zeolite X exchanged

with lithium, as the adsorbent,
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The invention relates to a portable oxysgen concen-
trator usable in oxygen therapy.

Cxygen concentrators using the PSA (Pressure Swing
Adsorpticn) technique are at present very widely used for
household cxygen therapy. Nevertheless, their design has =a
m2jor drawback namely, the lack of portability.

Thus, the existing concentrators require a source of
electricity and are moreover toc heavy tec be transported cox
carried by the patient.

However, a certain number of patients using oxygen
therapy would like tc live as "normal®™ a life as possible,
which requires in particular to be able to walk or move more
easily.

Tc give these patients a solution permitting them to
make short trips, the documents WO-A-58/56219 and U.S. Pateﬁt
5,893:275 propose combining the PSA type concentrator with a
liquefier, so as tec £ill a Dewar (receptacle) that the patient
can carry. This sclution is in fact more complicated than it
appears. Thus, the Dewar for storing the oxygen must be
periodically reheated te eliminate any trace of hydrocarbons
and water. On the other hand, the adjustment of the

liquefacticn temperature must be precise so as to aveoid at the
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outset of vaporization for use by the patient, that the initial gas will have a high
nitrogen content.

Another solution proposed in U.S. Patent 5,858,062 is to compress a
portion of the oxygen leaving the PSA type concentrator to fill a portable cylinder.
But this is costly solution because it is based on the use of an oxygen
compressor, and less satisfactory from the point of view of safety, because the
patient must manipulate oxygen under pressure.

The above discussion of the background to the invention herein is included
to explain the context of the invention. This is not to be taken as an admission
that any of the material referred to was published, known or part of the common
general knowledge in Australia as at the priority date of any of the claims.

It is an object of the present invention to provide an oxygen concentrator
which overcomes or at least alleviates one or more disadvantages of the prior art.

According to the present invention there is provided an oxygen
concentrator portable by a patient and permitting production of a gas flow
containing from 50% to 95% of oxygen from air, including:

- air compression means,

- means for separating gas by adsorption with pressure variation, and

- electrical energy accumulating means having a charged life of at
least 30 minutes,

- said concentrator having a total weight less than 10 kg, and

- the weight of the compression means (Mcomp), the weight of the
gas separation means (Msieve) and the weight of the energy accumulating means
(Mbattery) being such that:

0.5<Mcomp<3
Qp

0.15 < Mbattery < 2
Qp

0.05 < Msieve < 1
Qp
wherein Qp is the flow rate for the production of oxygen by the concentrator (in
l/min) and the weights Mcomp, Mbattery and Msieve are expressed in kg.

XABr\Specics43 167 o
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The present invention also provides an oxygen concentrator portable by a
patient and permitting production of a gas flow containing 50% to 95% of oxygen
from air, including:

- air compression means to compress the air to a pressure comprised
between 1 and 5 bars,

- means for separating gas by adsorption with pressure variation,
including several adsorbers each containing one or several adsorbents and
operating according to PSA cycles, the duration at each production cycle being
less than 30 seconds and a: least one adsorbent being a zeolite exchanged with
at least one metallic cation selected from lithium, calcium, zinc, copper and their
combinations,

- electrical energy accumulating means having a charge life of at least
30 minutes,

- said concentrator having a total weight less than 10 kg, and

- the weight of the compression means (Mcomp), the weight of the
gas separation means (Msieve) and the weight of the energy accumulating means
(Mbattery) being such that:

0.5 <Mcomp <3
Qp

0.15 < Mbattery < 2
Qp

0.05 < Msieve < 1
Qp
wherein Qp is the flow rate of oxygen produced by the concentrator in I/min) and
the weights Mcomp, Mbattery and Msieve are expressed in kg,

- said air compression means, said means for separating gas by
adsorption and said electrical energy accumulating means being disposed within
at least one housing,

- said housing moreover including means for controlling or adjusting
the operation of the concentrator and at least one system of securing or carrying

the concentrator.

XAABri\Speciest643167.doc




10

20

25

30

An advantage, therefore, of the present invention is that it provides to
patients desiring to have real mobility, an alternative solution that is more simple
and more satisfactory as to safety, wﬁich is to say improving the known solutions
of the prior art.

Accordingly, there is provided an oxygen concentrator portable by a
patient, permitting the production of a gaseous flow containing 50% to 95%
oxygen from air, comprising:

- air compression means to compress the air to a pressure greater
than atmospheric pressure (1 bar),

- means for separating gas by adsorption with pressure variations to
separate the air compressed by the air compression means and to produce a gas
enriched in oxygen, and

- electrical energy accumulating means having a charged life of at
least 30 minutes permitting storing and supplying or restoring electricity,

- said concentrator having a total weight less than 10 kg, and

- the weight of the compression means (Mcomp), the weight of the
gas separation means (Msieve) and the weight of the energy accumulating means
(Mbattery) being such that:

0.5 <Mcomp <3
Qp

0.15 < Mbattery < 2
Qp

0.05 < Msieve < 1
"
wherein Qp is the flow rate of oxygen produced by the concentrator (in I/min) and
the weights Mcomp, Mbattery and Msieve are expressed in kg.

Accordingly, there is also provided an oxygen concentrator portable by a
patient, permitting producing a gaseous flow containing 50% to 95% of oxygen
from air comprising:

- air compression means to compress the air to a pressure comprised
between 1 and 5 bars,

XABrin\Species643167.00¢
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- means for separating gas by adsorption, with pressure variations,
comprising several adsorbers each comprising one or several adsorbents
operating according to PSA cycles, the duration of each production cycle being
less than 30 seconds and at least one adsorbent being a zeolite exchanged with

s at least one metallic cation selected from lithium, calcium, zinc, copper and their

combinations,
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- electricazl energy accumulation means having a
charged life of at least 30 minutes,

- said concentrator having a total weight less than
10 kg, and

- the weight of the compression means (Mcomp) , the
weight of the gas separation means (Mpsa) and the weight of
the energy accumulation means (Mbattery) being such that:

0.5 < Mcomp < 3

Qp

0.15 < Mbattery < 2
op

0.05 < Msieve < 1
Qp
wherein Qp is the flow xate of oxygen productiocn by the
concentrator (in 1/min) and the masgees Mcomp, Mbattery and
Msieve are expressed in kg,

- gaid air compression means, said means for
separating gas by adsoxption and said electric energy accumu-
lating means being disposed within at least one housing,

- eaid hcusing comprising wmoreover means for
controlling or adjusting the operaticn of the concentrater and
at least one system for fastening or carrying the concentra-

ter.

»




10

.s
s ey
.

cess
.
suee
naes
. .
vess
. e

A5 the case may be, the concentrator ef the inven-
tion can comprise one or several of the follewing characteris-
ties:

- Op is comprised between 0.5 and ¢ 1/min, prefera-
bly between 0.5 ang 3 1/min.

- the ratio (Mcomp/Qp) is comprised between 0.5 and
2 kg/(1/min),

- the ratio (Mbattery/Qp) is comprised between 0.15
and 1.2 kg/(1l/min).

- the ratio (Msieve/Qp) is comprised between 0.ps
and 0.8 kg/{1/min).

- Mcomp + Mbattery + Msieve < 8 kg, rreferably Mcomp
+ Mbattery + Msieve <5 ko.

- the gas geparation means comprise several
adscrbers each centaining one or several adsorbents and
operating according to PSA cycles, prefexably the duration of
each production cycle is less than 30 seconds, preferably less
than 20 seconds.

- the adsorbent has a granulometry less than 1 mm
and/or comprises rarticles of zeolite X exchanged with at
least one metallic cation selected from lithium, calecium,
zinc, coprer and their combinations, preferably zeolite x
having a ratic Si/Al of about 1 to 1.25 and exchanged by at
least 80% with lithium cations. .

- the compression means are adapted or controlled to
compress =ir at a Pressure comprised between 1 and s bars,

preferably between 2.5 and 3.5 bars.

-10-
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- it compriges means for adjusting the temperature

Permitting adjusting the temperature of the air supply and/or

of the adsorbers, te a valne comprised between 10 and s0ec.

- the controllex adjustment meaps of the operaticn
of the Concentratoy compri,

Suspending from the belt,

- it compriges adjustment meane for the flow rate of

the gas to pe Preduced by tpe means for Separating gas by

adsorption,

described below, namely a short Production cycle, a egmall

adsorbent gra.nulometry, 2 "top graden

Patient,

-11-




It thus follows that an O, concentrator should ke
considered as portable if the two following conditions are
satisfied, namely a weight m less than 10 kg, preferably less
than 7 kg, and if it can operate on batteries, preferably

rechargeable, having a charged life of at least 30 minutes,

m

preferably at least cne hour and more preferably at least twe

hours.

However, the total weight (MTW) of a PSA concentra-

tor depends on the flow rate produced and the performance cof

10 the cycle:

- the yield 7 = 0, produced/o, eﬂtering
2'“' - productivity per cycle Pcy = O; prcduced/cycle/m’
;::. of adsorbent
.;53 " - cycle time Tcy = duration of a production cycle
.ase (in seconds) .

Of course it also depends on the "mass performances’
PRALLN of the different compcnents, for example the ratic between the
weight of the compressor and the flow rate of air that it

el 3 compresses.
20 The adjustment of a portablé concentrator thue

passes through a step of establishing the relationships

between the performance of the PSA and the weight of the
different componernts. The efficiency of the system will be
measured by the weight hecessary to produce 1l/min of oxygen.
28 The system will be lighter the lower thig ratio is and/or the

lower the required flow rate of oxygen will be.

-12-
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The principal ccmponents whose weight must be
reduced are the air compressor, the adsorbent and the battery
or the means for accumulating electrical current that are

used,

Of course there are other components of the appara-
tus (external housing, adsorbents of the PSAisystem,'internal
tubing, valves...) but their weight is low, or even negligi-
ble, .relative to that of the principal constituents,

Air compressor

The flow rate of air (Qa) that is to be gupplied by
the compressor is

0.0 8
7% 021

in which Qp 'is the flow rate of produced oxygen (in 1/min)

7 ie the yield defined above.

Eowever, the best available compressors have a "mags
efficiency” comprised between 1 kg for 5 1/min and 1 kg for 10
1/min. These values will therefore permit tracing two curves
rermitting enclosing the ratio:

Compressor weight/Flew rate of oxygen produced ag a'function
of yield.

These curves are schematically shown in Figure 1.

Having the curves of Figure 1 and knowing that the
yields obtained for a PSA cycle are typically comprised
between 30 and 60%, there can be established the following

inequality: 0.5 < Mcomp/Qp < 3 kg (in kg/(1/min})

13-




Battery (Reference g8 in Figure 5)

By analogy, the specific energy Es (in XWh/1 of
produced oxygen) of a PSA system can be expressed by the

following relation:

k Fh
E.r = mxlog(m)

wherein Ph is the high pressure of the cycle (in bars)

k i comprised between 0.11 ang 0.15 according to
the compresscr

Patm is the atmospheric pressure (1 bar)

For a2 charged life of 2 nhours, the necegsary eneragy

{in watts) is therefcre expressed by the following relation-

ship:

Ea—t o %120 log(Fh / Fam)
7x0.21

The high pressure of 5 PSA system being conventionally
comprised between 2.5 and 3.5 bars, and the mases efficiency cf
the best batteries between 1 kg for 100 watts and 1 kg for 300
watts, there can again be traced two curves (shown in Figure
2) permitting enclosing the weight ratio battery/02 flow rate,
as a functibn of &ield

There is obtained the following inequality:

0.15 < Mbattery/Qp < 2 (expressed in kg/(1/min))

o

14-
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Weight of the 2dsorbent of the PSA
T ——-uB &dsorbent of the paa

Similarly, the weight of the adsorbent (Mads) is

given by the following relation:

N2

wherein ‘/J,&. is the weight per velume of the adscrbent,
typically compriged between 0.5 and 0.7 kg/1. Tey and Pcy arxe
as given zkove,

The Productivity per cycle typically obtained in a
PSA cycle ig comprised between 0.2 and 0.5 N1/h/1. The welight
of the adecrbent ig directly Properticnal to the cycle time.
The reducticn of the cycle time can be achieved by & reduction
of granulomstry of the adsorbent to improve the adsorption
kinesis. The cycle time of the medical Concentrators is ip
general lese than 25 g thanks to the use of an adsorbent whoge
mean granulcmetry ig less than 1 mm, They can decrease to
several secends, as indicated ?ay U.S. Patent 5,827,358,

There are again obtained two curves Permitting
enclosing the ratie Mads/0, flow rate 'produced ag a function
of the productivity of the psa ‘(productivity per cy;cle), as
shown in Figure 3,

From thie there is cbtained the fcllowipg inequali-
ty:

0.05 < Msieve/Qp < 1 (expressed in kg/ (1/min) )
The rest of the Waterial permitting Producing the

concentrater has a weight that ig relatively less dependent op

10

-15-
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the production flow rate and can be estimated to be 1 or 2 kg
at the most,

The curves of Figures 1 tg 3 show three ways of
reducing the weight of a concentrator:

- reducing the required oxygen flow rate op

- increasing the mass performance of the componentg
compressor, battery...

- increasing the perfcrmance of the PSA process

The increase of the mass performance of the compo-
nents is up to the manufacturers. In the present inventicn,
it will euffice to choose components falling within the weight
limits described above.

The reduction of the mean required flow rate Qe, teo
satisfy the oXygen needs of the patient, can be achieved by
preferentially adding a system with an economizing valve,
permitting delivering oXygen to the patient- in a manner
synchronizsd with breathing, and hence to divide the necessary
oxygen production of the concentrator by a factor comprised
between 1.5 and ¢, rreferably comprised between 2 ang 4.

The usual Prescription of gaseous oxygen for a
patient undergoing exygen therapy ig comprised between 3 and
6 l/min. The use of such an economizing valve thexefore
permits reducing the meap flow rate of oxXygen that has to be
produced by the eencentrator, to & value comprised between 0.z
and 4 }/min, preferably hetween 0.5 and 2 1/min.

The increase of performance of the P8A process is

obtained by:

11
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- use of a high quality adsorbent, Preferably a
zeclite X exchanged with lithium, permitting obtaining = vield
greater than 45% and a productivity per cycle greater than 0.3
Nm®/h, .

- cycle time less than 20 S, preferably leas than 15

s.
‘ "In this case, the Preceding inequalities thus
become:

0.5 < Mcomp/Qp < 2 (kg/ (1/min)

0.1 < Mbattery/Qp < 1.3 (kg/(1/min)

0.05 < Meieve/Qp < 0.8 (kg/(1/min)

Under these conditiens, it will be seen that the gum
of the weights of the different compenents will be less than
8 kg for mean flow rate values up to 2 1/min.

Generally'speaking, as shown in Figure 5, & portable
concentrater 1 accerding te the inventicn has =z housing 2 of
2 size and weight permitting the patient 3 tp carry it while
walking. .

Fossible gystems for securing or carrying the
concentrator 1 by the patient 3 are 2 handle 4 and/or &
shoulder strap 5, provided on the concentrator 1 directly or
on a kag dimensioned for this Purpose, which permit Protecting
it for all outside uses,

The housing 2 is stable and can rest on any flat

surface. It preferably hag:

12
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- an air ocutlet enriched in 0., which can be
connected to the administraticn means 6 of the gas to the
patient 3;

- & start/stop butten 8;

- an adjustment device 7 for the production flow
rate of air enriched in 0,;

- & screen 10 and/or anothexr system for visualiza-
tion (luminous signals for example) permitting informing the
patient or any other pPerson, of the available adjustments ag
well as the potential risks and/or misfunctions (reeidyal
charge of the battery, misfunction of the comprecsor, for
example) ;

- information labels guaranteeing the quality of the
material and if desired the recommendations for itg mainte-
nance in goed operating condition.

Figure 4 shows schematically the principle of
operation of concentrator 1 according to the invention,
comprising an external housing 2 in which are included one or
more ambient air inlets 14 (systems of inlets for example)
permitting Supplying the compression means 10 with gas, and if
desired generating an air circulation in the housing 2, gas
compression meansg 10, gas eeparation means by adsorption with
pressure variation (psa) comprising several adsorbers 11, 12
enclosing adsorbent particles, electrical energy accumulating
means &, a storage 13 for storing air enriched in produced
oXygen, and means 6 for supplying air enriched in produced

oxygen to the respiratory tract of the patient 3.

13
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Moreover, to the Principal elements constituting the
concentrator schematically shown in Figure 4, can be added .

T one or several filtration means (dust, antibacte-
rial...) for ambiept air and/or air enriched in Q,;

- an electronie card for controlling the different
cemponents and their alarmg;

- a sgystem for soundproofing the assembly (for
example with foém) and more particularly the compressor, vig
silent blocks for example.

Preferably, the adsorbent used in the PSA systenm is
an absorbent, preferably of the zeclite X or 1sx type,
exchanged by more than 80% with lithium, of the type of these
described in EP-A-785020,

14

-10-
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. Oxygen concentrator portable by a patient permitting producing a gas flow
containing from 50% to 95% of oxygen from air, including:

- air compression means,

- means for separating gas by adsorption with pressure variation, and

- electrical energy accumulating means having a charged life of at
least 30 minutes,

- said concentrator having a total weight less than 10 kg, and

- the weight of the compression means (Mcomp), the weight of the
gas separation means (Msieve) and the weight of the energy accumulating means
(Mbattery) being such that:

0.5 <Mcomp <3
Qp

0.15 < Mbattery < 2
Qp

0.05 < Msieve < 1
Qp
wherein Qp is the flow rate for the production of oxygen by the concentrator (in

/min) and the weights Mcomp, Mbattery and Msieve are expressed in kg.

2. Concentrator according to claim 1, wherein Qp is comprised between 0.5
and 4 I/min.

3. Concentrator according to claim 1, wherein Qp is between 0.5 and 2 I/min.

4. Concentrator according to any one of claims 1 to 3, wherein the ratio

(Mcomp/Qp) is comprised between 0.5 and 2 kg/(l/min).

5. Concentrator according to any one of claims 1 to 4, wherein the ratio
(Mbattery/Qp) is comprised between 0.15 and 1.2 kg/(/min).

XA\BriaSpecies643167.doc 1s
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6. Concentrator according to any one of claims 1 to 5, wherein the ratio
(Msieve/Qp) is comprised between 0.05 and 0.8 kg/(l/min).

7. Concentrator according to any one of claims 1 to 6, wherein Mcomp +

Mbattery + Msieve is < 8 kg.

8. Concentrator according to any one of claims 1 to 6, wherein Mcomp +
Mbattery + Msieve < 5 kg.

9. Concentrator according to any one of claims 1 to 8, wherein the gas
separation means include several adsorbers each containing one or several
adsorbents and operating according to PSA cycles.

10.  Concentrator according to claim 9, wherein the duration of each production

cycle is less than 30 seconds.

11.  Concentrator according to any one of claims 1 to 10, wherein the adsorbent
has a granulometry less than 1 mm and/or includes particles of zeolite X
exchanged with at least one metallic cation selected from lithium, calcium, zinc,
copper and their combinations.

12.  Concentrator according to claim 11, wherein said zeolite X has a ratio Si/Al
of about 1 to 1.25 and is exchanged by at least 80% with lithium cations.

13.  Concentrator according to any one of claims 1 to 12, wherein the
compression means are adapted or controlled to compress air to a pressure

comprised between 1 and 5 bars.

14.  Concentrator according to claim 13, wherein said pressure is between 2.5
and 3.5 bars.

15.  Concentrator according to any one of claims 1 to 14, wherein it includes
means for temperature regulation permitting adjusting the temperature of the air

supply and/or of the adsorbers to a value comprised between 10 and 60°C.

W.DarAMMHNODEL'4$007-01.doc 16

21-




20

25

30

16.  Oxygen concentrator portable by a patient permitting producing a gas flow
containing 50% to 85% of oxygen from air, including:

- air compression means to compress the air to a pressure comprised
between 1 and 5 bars, ,

- means for separating gas by adsorption with pressure variation,
including several adsorbers each containing one or several adsorbents and
operating according to PSA cycles, the duration at each production cycle being
less than 30 seconds and a: least one adsorbent being a zeolite exchanged with
at least one metallic cation selected from lithium, calcium, zinc, copper and their
combinations,

- electrical energy accumulating means having a charge life of at least
30 minutes,

- said concentrator having a total weight less than 10 kg, and

- the weight of the compression means (Mcomp), the weight of the
gas separation means (Msieve) and the weight of the energy accumulating means
(Mbattery) being such that:

0.5 < Mcomp < 3
Qp

0.15 < Mbattery < 2
Qp

0.05 < Msieve < 1
Qp
wherein Qp is the flow rate of oxygen produced by the concentrator in I/min) and
the weights Mcomp, Mbattery and Msieve are expressed in kg,

- said air compression means, said means for separating gas by
adsorption and said electrical energy accumulating means being disposed within
at least one housing,

- said housing moreover including means for controlling or adjusting
the operation of the concentrator and at least one system of securing or carrying

the concentrator.

XES\Species3 167.doe 17
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17.  Concentrator according to claim 16, wherein the means for controlling or
adjusting the operation of the concentrator include at least one start/stop means

to start or stop the operation of the concentrator.

18.  Concentrator according to claim 17, wherein the start/stop means includes
an actuating button or a control member actuable by the operator.

19.  Concentrator according to any one of claims 16 to 18, wherein the
securement or carrying means of the concentrator include at least one carrying
handle and/or at least one shoulder strap or a band and/or at least one means for
suspending from the belt.

20. Concentrator according to claim 1 or 16, wherein it includes means for
adjusting the flow rate of gas to be produced by the means for separating gas by

adsorption.

21.  Oxygen concentrator portable by a patient, substantially as herein
described with reference to the accompanying drawings.

DATED: 31 July 2003

PHILLIPS ORMONDE & FITZPATRICK

Patent Attorneys for:

L'AIR LIQUIDE, SOCIETE ANONYME POUR L'ETUDE
ET L'EXPLOITATION DES GEORGES CLAUDE and
AIR LIQUIDE SANTE (INTERNATIONAL)
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